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Reducing the medical economic burden of health insurance in 
China: Achievements and challenges

Guanshen Dou1, Qun Wang2, Xiaohua Ying1,*

1 Department of Health Economics, School of Public Health, Fudan University, Shanghai, China;
2 Faculty of Humanities and Social Sciences, Dalian University of Technology, Dalian City, Liaoning Province, China.

1. Introduction

Between 1950 and 1980, the vast majority of Chinese 
residents were covered by urban or rural health insurance 
schemes. Since the late 1980s, however, the traditional 
rural health insurance scheme collapsed and traditional 
urban health insurance schemes were crippled due to 
the inefficiency and debt of state-owned enterprises. 
Since then, the Chinese population has been faced with 
considerable out-of-pocket (OOP) expenditures (1). 
From 1990 to 2001, OOP expenditures grew tenfold, and 
the share of OOP expenditures increased to 59.97% in 
2001 (2). However, per capita income grew only five-
or fourfold during the period (3). Such a large medical 

economic burden resulted in a very large proportion 
of the population facing catastrophic expenditures and 
impoverishment due to OOP health expenses (4). Social 
health insurance has been as a primary focus of efforts to 
provide financial protection from illness-related costs for 
the Chinese population and populations in other low- and 
middle-income countries (5). Over the past two decades, 
the Chinese government has been working to reduce 
residents' medical economic burden through various 
health insurance reforms with the aim of achieving 
universal health coverage (UHC) by 2020. This paper 
will first describe health insurance reforms initiated by 
the Chinese government over the last two decades, and it 
will then summarize their achievements in reducing the 
medical economic burden. This paper will then focus on 
the challenges that still exist regarding a further reduction 
in OOP expenditures in China.

2. Health insurance reforms and their achievements 
in reducing the medical economic burden

Health insurance reforms over the last two decades have 

Summary The aims of this study were to describe health insurance reforms initiated by the Chinese 
government over the past two decades, to review their achievements in reducing the medical 
economic burden, and to summarize the challenges that still exist regarding a further 
reduction in out-of-pocket expenditures in this country. China has successfully attained the 
goal of providing health insurance coverage to almost the entire population by developing a 
mixed health insurance system, which consists of Urban Employees Basic Medical Insurance 
(UEBMI), Urban Resident Basic Medical Insurance (URBMI), New Rural Cooperative 
Medical Scheme (NCMS), and supplementary Catastrophic Health Insurance. Despite this 
achievement, China is still facing the challenges of a disparity in the medical economic burden 
by region and by health insurance scheme, relatively little protection from financial risk 
compared to developed countries, as well as low efficiency and quality of care under current 
payment systems. To further reduce the disparity in the medical economic burden and to 
increase the overall protection from financial risk in China, the Government should increase 
central government transfers to NCMS and URBMI enrollees in poor regions and increase 
the total amount of government subsidies to NCMS. In addition, China should improve the 
efficiency and quality of health insurance by further reforming the payment system.
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occurred in two major stages: establishing and initially 
developing health insurance schemes from 1994 to 2008, 
and further reforming health insurance schemes in a 
comprehensive manner from 2009 to the present.
 The first stage of health insurance reforms started 
with a pilot project in Jiujiang and Zhenjiang to replace 
traditional urban health insurance schemes. Based on 
experiences in those two cities, the Chinese government 
formally established a mandatory social insurance 
program for urban employees - Urban Employees Basic 
Medical Insurance (UEBMI) - in 1998 (6). UEBMI is 
financed through payroll (8-14%), from both employer 
(6%) and employee (2%) contributions. 
 In late 2002, the Chinese government decided to 
establish the New Rural Cooperative Medical Scheme 
(NCMS) for rural residents in order to rebuild the rural 
health insurance scheme. In the NCMS, premiums come 
mainly from the central and local governments while 
the rest comes from individual contributions (7). As 
shown in Figure 1, the share of OOP expenditures out of 
total health care expenditures has decreased every year 
since 2002 as the number of participants in NCMS has 
increased. 
 After the implementation of UEBMI and NCMS, the 
only groups not covered by basic health insurance were 
children, students, the elderly, the disabled, and other 
unemployed populations in urban regions. Therefore, 
the Chinese government established Urban Resident 
Basic Medical Insurance (URBMI) for those groups 
in 2007 (3,8). URBMI is also mainly financed by the 
government, and urban families only contribute a small 
share of premiums (2). 
 Although the three basic insurance schemes covered 
87% of the total population in 2008, the expense of 
seeing a doctor was a common problem at the time (9). 
The ratio of OOP expenditures per capita to household 
expenditures per capita dropped slightly (10). In 
addition, NCMS and URBMI offered relatively few 

benefits compared to UEBMI in 2008. The inpatient 
reimbursement rate is 38% for NCMS, 44% for URBMI, 
and 67% for UEBMI, and the NCMS and URBMI 
schemes covered few outpatient services in 2008 (11). 
In light of the lack of financial protection from risk, the 
Chinese government initiated a new series of health 
sector reforms in 2009 that explicitly described the 
expansion of basic health insurance schemes as one of 
their primary objectives (12). Since then, the Chinese 
government has been committed to further reforming 
health insurance schemes in a comprehensive manner.
 In the new series of health sector reform, the Chinese 
government first increased government subsidies to 
NCMS and URBMI to an unprecedented scale. In 2008, 
the Government provided 80 RMB/person/year to each 
participant in NCMS and URBMI, while in 2016 this 
amount rose to 420 RMB/person/year (13). Accordingly, 
benefits under the two insurance schemes were greatly 
increased. In 2012, the inpatient reimbursement rate and 
the outpatient reimbursement rate of the two insurance 
schemes both increased to 55% and 50%, respectively 
(11). 
 To further reduce the medical economic burden, the 
Government decided to launch Catastrophic Disease 
Insurance in 2012 (14). This scheme is financed by basic 
health insurance funds and is managed by commercial 
insurance companies. It provides the same coverage as 
that of basic health insurance, and its participants are 
covered by basic health insurance as well. Participants 
are allowed to receive extra reimbursements for medical 
expenses after they are reimbursed by basic health 
insurance. The specific reimbursement rate is defined at 
the local level, but the central government required that 
the rate of extra reimbursement be no less than 50%. 
In 2013, more than 200 million people participated 
in Catastrophic Disease Insurance (15). In 2015, the 
Catastrophic Disease Insurance scheme was fully 
implemented in China (16). 

216

Figure 1. OOP expenditure share of health expenditure in China (%). 
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Chinese population, with rates currently approaching 
95% (2,23). Moreover, the share of OOP expenditures 
out of total health care expenditures finally dropped to 
29.27% in 2015, thus halving the share in 2001 (Figure 1).

3. Challenges still exist regarding a further reduction 
in OOP expenditures

Even though China has made startling achievements in 
extending health insurance coverage and in reducing 
OOP expenditures in such a short time, difficulties 
still exist regarding a further reduction in the medical 
economic burden and fully achieving the goal of UHC. 
 Regional disparities represent the greatest challenge. 
Eastern China has a much higher level of economic 
development than middle and western China, and middle 
China is less developed than western China. Figure 2 
shows the percentage of OOP payments per capita with 
respect to the average annual disposable income per 
capita by province in 2015. Populations in Ningxia and 
Shaanxi Province respectively spend 6.46% and 6.24% 
of their annual disposable income per capita on OOP 
health expenses, and these figures are almost 2 times 
what the populations in Guangdong Province and the 
City of Shanghai spend. In general, the medical economic 
burden is much smaller in southeastern provinces than 
that in other regions. In addition, a higher percentage of 
individuals do not receive care due to financial reasons 
in middle and western regions than in other regions (Table 
1). Thus, the level of economic development is inversely 
associated with the medical economic burden. 
 A disparity in the medical economic burden exists 

 Moreover, in 2009, the Chinese government began 
attempting to integrate NCMS and URBMI, which means 
unified funding pools, levels of benefits, and payment 
systems for NCMS and URBMI. Afterwards, many 
provinces or municipalities such as Tianjin, Chongqing, 
and Guangdong integrated NCMS and URBMI. In 
early 2016, the Chinese government announced that it 
was promoting the integration of NCMS and URBMI 
nationwide (17). In recent years, the integration of 
NCMS and URBMI has proceeded at a faster pace. This 
integration has received strong support from the Chinese 
population, and especially from rural residents (18). 
Suzhou, Shenzhen, Dongguan, and Zhongshan have 
gone even further by consolidating UEBMI, NCMS, and 
URBMI at the same time. 
 In addition, the payment mechanism also influences 
OOP expenditures (19,20). Fee-for-service (FFS) was 
previously the only common mechanism of payment 
in China. Under an FFS system, payment is made after 
care, so physicians are inclined to provide more services, 
which result in huge health care expenditures (21). In 
2009, the Chinese government decided to replace FFS 
with other forms of prospective payment. In recent years, 
prospective payment systems such as the global budget 
payment system (GBPS) have been implemented in most 
provinces. In mid-2017, the Chinese government decided 
to fully implement a compound payment system based 
on DRGs and to further reduce the use of FFS, signaling 
the implementation of payment reform nationwide (22).
 After more than two decades of considerable efforts, 
the three schemes (i.e. UEBMI, NCMS, and URBMI) 
combined have ensured coverage for almost the entire 

Figure 2. OOP per capita as percentage of average annual disposable income per capita of each province in 2015 (%). 
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among the three basic insurance schemes. Studies have 
found that after the three health insurance schemes were 
consolidated, NCMS had an inpatient reimbursement 
rate of 52.5% and an outpatient reimbursement rate 56% 
in Suzhou in 2014, and these rates were about 20% lower 
than those of UEBMI and URBMI (24). This is because 
NCMS still provides fewer benefits than the other two 
health insurance schemes,.
 In addition, China faces the challenge of relatively 
little protection from financial risk due to catastrophic 
medical expenditures despite a series of health insurance 
reforms (25). The share of OOP expenditures out of total 
health care expenditures in China is still much higher 
than that in higher income countries (26). According 
to a report by the World Health Organization on UHC 
worldwide in 2017, 17.7% of the Chinese population 
spent greater than 10% of their household budget on 
OOP health payments, which was much higher than that 
in OECD countries (27). Currently, more than 40% of 
the poor population is impoverished due to illness, and 
this rate has increased in recent years (28). 
 Moreover, the payment mechanisms currently 
used in China have led to difficulties in reducing OOP 
expenditures. GBPS and FFS are the two main payment 
systems in China, and local governments usually use 
a single payment system (29). FFS may lower the 
efficiency of health service utilization by providing 
unnecessary services (21). GBPS is proved to have a 
greater influence on total health care expenditures than 
on OOP expenditures (30). Moreover, GBPS could 
reduce the quality of medical services and hospital 
efficiency by rejecting critical patients and shortening the 
duration of hospitalization (29,31-34). In light of those 
circumstances, the Chinese government is promoting 
a compound payment system based on DRGs that 
has proven to be able to control expenditures without 
affecting the quality of medical services in other settings 
(35). Payment system reform is a challenge worldwide, 
and further studies are needed to evaluate the actual 
effects of the latest reform of payment systems in China. 

4. Conclusion

Over the last two decades, the Chinese government has 
been devoted to reducing the medical economic burden 
through health insurance reforms. This started with the 

establishment of three health insurance schemes, i.e. 
UEBMI, URBMI, and NCMS. Health insurance has 
subsequently been reformed to attain the goal of UHC by 
2020, including greater benefits under the three insurance 
schemes, establishment of catastrophic insurance, 
consolidating NCMS and URBMI, and transformation 
of the payment system. After more than two decades 
of efforts, the share of OOP expenditures out of total 
health care expenditures decreased to less than 30%, and 
more than 95% of population was covered by a health 
insurance scheme in 2015. However, China is still facing 
the challenges of a disparity in the medical economic 
burden by region and by health insurance scheme, 
relatively little protection from financial risk compared to 
other developing countries, as well as low efficiency and 
quality of care related to the current payment systems. 
In light of China's achievements in providing protection 
from financial risk, the most critical element of that 
effort's success is substantial government involvement. 
To further reduce the disparity in the medical economic 
burden and to increase the overall protection from 
financial risk in China, the Government should increase 
central government transfers to NCMS and URBMI 
enrollees in poor regions and increase the total amount 
of government subsidies to NCMS. In addition, China 
should improve the efficiency and quality of health 
insurance by further reforming the payment system.
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1. Introduction

Cancer constitutes one of the leading causes of morbidity 
and mortality worldwide. Based on GLOBOCAN (a 
project of the International Agency for Research on 

Cancer) estimates, about 14.1 million new cancer cases 
and 8.2 million deaths occurred in 2012 worldwide (1). 
Because of the growth and aging of the population, 
as well as an increasing prevalence of established risk 
factors such as smoking, overweight, physical inactivity, 
and changing reproductive patterns associated with 
urbanization and economic development, the morbidity 
and mortality of cancer is predicted to be increased 
quickly in the next few decades worldwide, especially in 
low- and middle-income countries (2). It is projected that 
by 2030 an estimated 21.4 million new cases of cancer 
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providers. This review provides an update on Chinese herbal medicines as adjuvant treatment 
of anticancer therapeutics. First, some Chinese herbal medicines (e.g. Astragalus, Ginseng, 
Scutellaria barbata, TJ-41, TJ-48, PHY906, Huachansu injection, and Kanglaite injection) 
that are commonly used for treating the cancer and/or reducing the toxicity induced by 
chemo-, radio-, or targeted-therapy are discussed. These Chinese herbal medicines have been 
shown to possess great advantages in terms of suppressing tumor progression, increasing 
the sensitivity of chemo-, radio-, or targeted-therapeutics, improving an organism's immune 
system function, and lessening the damage caused by these therapeutics. Second, some clinical 
trials using Chinese herbal medicines as adjuvant improving cancer treatment related side 
effects and complications are reviewed. Some Chinese herbal medicines have a significant 
effect on reducing cancer-related fatigue and pain, improving peripheral neuropathy and 
gastrointestinal side effects including diarrhea, nausea, and vomiting, decrease the incidence 
of bone marrow suppression, protecting anthracycline-induced cardiotoxicity and radiation-
induced pneumonitis, and relieving EGFR-TKIs related acneiform eruptions and other side 
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and 13.2 million cancer deaths will occur annually 
around the world, which brings an enormous burden on 
society (3).  
 Chemotherapy, radiotherapy, targeted therapy and 
immunotherapy are examples of anticancer therapies 
currently being utilized in patients with malignant 
tumors in middle and advanced stages for controlling 
tumor growth, prolonging survival time, and improving 
quality of life (QOL) to some extent. However, these 
therapies either alone or in combination have been 
shown to have numerous limitations and drawbacks 
including myelosuppression, gastrointestinal tract 
reaction, cardiac damage, liver and renal dysfunction, 
rash, hand-foot syndrome, or local radiation damage, and 
so on (4,5). In particular, with molecular-targeted drugs 
widely used, adverse effects of such treatments including 
acneiform eruptions, paronychia, xerosis, mucositis, 
and alopecia are thought to be less severe, but can still 
be significant (6). Not only can these toxicities severely 
affect patients' QOL, but in some specific instances, they 
can be associated with increased response to therapy (7). 
Therefore, it is of paramount importance that clinicians 
familiarize themselves with the basic management of the 
adverse effects caused by these drugs. More effective 
or adjunctive therapies must be soon developed for 
relieving adverse effects and complications of anticancer 
therapeutics.
 With development of medicine and update of 
knowledge, cancer therapy has come into a diversified 
comprehensive treatment stage. Many scholars put 
forward the concept of "survival with cancer", and they 
insist controlling cancer and causing cancer cells to 
"be static" and "hibernate" for a long time, are better 
than striving to reduce the lump and completely kill all 
cancer cells (5). In the process of "survival with cancer", 
complementary and alternative medicine (CAM) might 
play an important role. 
 Traditional Chinese medicine (TCM) especially 
Chinese herbal medicines, as an important component 
of CAM, has evolved over thousands of years in China, 
Japan, and other Asian countries with its own unique 
system of theories, diagnostics and therapies. TCM has 
been increasingly used in the last decades and become 
well known for its significant role in preventing and 
treating cancer. It is widely used by TCM physicians 
and other health care providers to control the side effects 
and toxicities of cancer therapies, which improves 
the patient's QOL, prevents recurrence, and prolongs 
survival (8).
 In our previous reviews of recent years, we have 
indicated that some Chinese herbal medicines as adjuvant 
treatment in combination with chemo- or radio-therapy 
were capable of enhancing the sensitivity of chemo- and 
radio-therapeutics, improving an organism's immune 
system function, and diminishing the side effects and 
complications caused by chemo- and radiotherapy (3), 
and we have also indicated that some Chinese herbal 

medicines as adjuvant treatment played important 
roles in different stages of cancer lesions including 
post-operation, radiotherapy or chemotherapy stages 
(5). Here an update of the new laboratory and clinical 
studies especially from 2015 to March 2018 on Chinese 
herbal medicines as adjuvant treatment especially on 
relieving adverse effects and complications of anticancer 
therapeutics will be focused. First, some Chinese herbal 
medicines that are commonly used on cancer patients 
to treat the cancer and/or reduce the toxicity induced 
by chemo-, radio-, or targeted-therapy are discussed. 
Second, clinical trials of Chinese herbal medicines as 
adjuvant cancer treatment to reduce side effects and 
complications during chemo-, radio-, or targeted-therapy 
are reviewed. This review should contribute to an 
understanding of Chinese herbal medicines as adjuvant 
treatment for cancer and provide useful information for 
development of more effective anti-cancer drugs.

2. Chinese herbal medicines commonly used as 
adjuvant treatment in cancer therapy

Chinese herbal medicines in current use are usually 
classified as single herbs, compound formulations (a 
combination of several herbs), and Chinese medicine 
preparations. The biological ingredients of herbal 
medicines are mainly extracted from plants, animal 
parts, shells, insects, and even stones and minerals. In 
recent decades, a large number of herbal medicines 
including single herbs, traditional herbal formulations, 
and Chinese medicine preparations have been widely 
used on cancer patients around the world especially 
in China for managing common cancer symptoms of 
fatigue, chronic pain, anorexia, insomnia, limbs edema, 
and constipation (9). Numerous basic and clinical studies 
have been conducted to identify effective anticancer 
agents in Chinese herbal medicines and ascertain their 
properties as related to the treatment of cancer. Several 
herbal medicines have been found to have potentially 
beneficial effects on cancer progression and may 
ameliorate chemo-, radio-, or targeted-therapy induced 
complications and side effects (10,11). Therefore, 
the anticancer pharmacology of the Chinese herbal 
medicines most commonly used as adjuvant treatment in 
cancer therapy must be understood.

2.1. Single herbss

Based on TCM classic theory, the formation of tumors 
are usually due to deficiency of vital energy (Qi and 
blood) in the body, combined with some pathogenic 
factors such as external evil invading, emotional 
abnormality, overeating and so on, leading to Qi 
stagnation, blood stasis and heat- and dampness-induced 
toxicity blocking in the body, and then forming lumps 
as time goes by (5,12). According to the above theory, 
TCMs which are used for cancer treatment usually fall 
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of carcinomas including non-small cell lung cancer 
(NSCLC). An in vitro study indicated Rg3 might be a 
new agent targeting programmed death ligand 1 (PD-
L1) in chemotherapy refractory NSCLC (22). Moreover, 
a multicenter, large-sample, randomized clinical trial on 
improving the median survival time of advanced NSCLC 
by a combination of Ginsenoside Rg3 and chemotherapy 
was conducted by Zhang et al. They indicated that a 
combination of Ginsenoside Rg3 with chemotherapy 
could prolong the survival of patients with advanced 
NSCLC, improve patients' symptoms and reduce 
chemotherapy induced myelosuppression (23).
 Although evidence of efficacy in relation to 
Ginseng and its active components use is obvious, well-
designed clinical trials are required to provide more 
information for scientists and healthcare consumers. 
Furthermore, using cautions and adverse reactions 
of Ginseng are crucial for people. Ginseng should be 
avoided by children and used with some prudence by 
patients medicated with blood pressure medicines, 
blood-thinning medications, hormones, or insulin due 
to possible drug-herb interactions (recommendation 
performed by American Cancer Society) (24). Ginseng 
is relatively nontoxic but in high doses (i.e., superior to 3 
g ginseng root daily) can confer adverse symptoms such 
as insomnia, nervous excitation, headaches, and nausea. 
Ginseng may present steroid/hormone like effects, so in 
women who have breast or endometrial cancer special 
attention for its use is recommended (25). 
 Radix Astragali  Radix Astragali (Huang-Qi in 
Chinese), the root of Astragalus membranaceus Bunge, 
is one of the most famous and frequently used herbal 
medicines and healthy food supplements used as a tonic. 
It has been widely used to treat cancer and other immune 
disorders in China and Southeast Asia for thousands of 
years (26). The chemical composition of Radix Astragali 
mainly includes triterpenoid saponins, polysaccharides, 
flavonoids, amino acids, and trace elements, of 
which triterpenoid saponins (e.g., Astragaloside IV 
and Astragaloside II) represent the major beneficial 
constituents responsible for the bioactivities and 
efficacies of Radix Astragali on human health (27). 
Radix Astragali and its active constituents have been 
proposed as an adjuvant treatment to synergistically 
enhance efficacy and reduce toxicity of chemo-, radio-, 
or targeted-therapeutics on breast, gastric, liver, colon, 
and lung cancers and so on. 
 Multiple randomized clinical trials have suggested 
that Radix Astragali-based intervention can reduce 
symptoms, improve QOL and immunologic function, 
increase plasma nerve growth factor (NGF) levels, 
and delay the progression of chemotherapy-induced 
peripheral neuropathy (CIPN) (28). In addition, Huangqi 
injection combined with chemotherapy has an enhanced 
anti-tumor effect and can improve the short-term 
prognosis and clinical outcome in children with acute 
lymphoblastic leukemia (ALL) (29). It could reduce 

into three categories: the first one with properties of 
spiriting vital energy (Qi and blood), the second one with 
the properties of promoting blood stasis, and the third 
with properties of clearing heat and detoxifying. Thus, 
according to references and our clinical experience, we 
will choose some single herbs commonly prescribed 
by traditional Chinese physicians for cancer treatment 
and give them a brief introduction especially regarding 
clinical studies (Table 1). 

2.1.1. Some single Chinese herbal medicines with 
properties of spiriting vital energy

Panax ginseng  Panax ginseng (Ren-Shen in Chinese 
or Ginseng in Korea) is a well-known and popular 
Chinese herbal medicine, which is believed to be the 
king of the herbs in the Orient, particularly in China, 
Korea and Japan. It has been used for several thousand 
years with mysterious powers as a tonic, prophylactic 
and restorative agent (13). Much of the pharmacological 
research has shown that Panax ginseng has potent 
immune modulation, vasorelaxation, anti-oxidation, anti-
inflammation, and anticancer properties (14). Panax 
ginseng contains many active components such as 
ginsenosides, peptides, essential oil and polysaccharides, 
among which, ginsenosides (e.g., Rg3 and Rb1) are 
considered an excellent option for their anticancer 
property (15). Ginseng and its active components have 
been reported as an adjuvant treatment to synergistically 
enhance efficacy of conventional therapy (e.g., chemo- 
and radio-therapeutics), reduce the risk of development 
and recurrence of some types of cancer (e.g., stomach, 
liver, pancreas, and colon cancer), and improve host 
intrinsic response to cancer and quality of patients' 
life (16). An epidemiological study indicated that 
patients taking ginseng had a 50% lower risk of cancer 
recurrence compared to patients not taking ginseng (17). 
In the following, we emphasize some basic and clinical 
research in recent years about Ginseng and its active 
components. 
 A pilot study indicates that Ginseng has potential 
as an effective treatment for advanced cancer patients 
in improving response and survival rate (18). A phase 
III trial was developed by Mayo Clinic Rochester 
(Rochester, USA) to evaluate the efficacy of Ginseng 
on cancer-related fatigue and indicated that Ginseng 
showed great benefit for ameliorating cancer-related 
fatigue without any discernible toxicity (19). Moreover, 
Ginseng appears to be a promising radio-protector and is 
capable of attenuating the deleterious effects of radiation 
on human normal tissue, especially for cancer patients 
undergoing radiotherapy (20). It could improve radiation-
induced liver injury, which might be associated with the 
modulation of oxidative stress, inflammatory reactions, 
and apoptosis (21). 
 Ginsenoside Rg3 is recognized to boost immune 
response and has anti-cancer activity against a majority 
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bone marrow suppression caused by chemotherapy drugs 
and increase neutrophil count during remission induction 
chemotherapy to reduce the incidence and duration of 
infection in children with ALL (30).
 Astragaloside IV could inhibit breast cancer cell 
invasion by suppressing Vav3 mediated Rac1/MAPK 
signaling and inhibit lung cancer invasion via the PKC-
α-ERK1/2-NF-κB pathway (31,32). Astragaloside IV 
also could inhibit progression of glioma via blocking 
MAPK/ERK signaling pathway (33). In addition, 
Astragaloside II could inhibit autophagic flux and 
enhance chemosensitivity of cisplatin in human cancer 
cells (34). 
 Radix Codonopsis  Radix Codonopsis (Dang-Shen in 
Chinese) is a famous traditional Chinese medicine and 
has long been used for replenishing energy deficiency, 
strengthening the immune system, lowering blood 
pressure and improving appetite in China, Japan and 
Korea (35). In many cases, it is utilized primarily as a 
substitute for the much more costly Panax ginseng and is 
therefore called the poor man's ginseng. Phytochemical 
studies indicate that polysaccharides, alkaloids, 
phenylpropanoids, triterpenes, and polyacetylenes are the 
main components of Radix Codonopsis (36). Recently, 
Radix Codonopsis and its active constituents have been 
proposed to have functions of antioxidant, antimicrobial, 
antitumor and improving immunity. They are reported 
as adjunctive cancer therapeutics with activities of 
immunomodulation, anti-proliferation and attenuation of 
adverse effects induced by cytotoxic therapy.
 Radix Codonopsis was used as an adjuvant in 
cancer patients during radiotherapy. It could reduce the 
immunosuppressive effect of radiotherapy on delayed 
hypersensitive reaction, and the lymphocyte response 
to PHA and IL-2 (37). Some TCM decoctions of 
which Radix Codonopsis was a main ingredient could 
effectively improve clinical symptoms, signs and QOL 
of cancer patients. A modern agent Shenqi Fuzheng 
Injection, prepared from Codonopsis Radix and Astragali 
Radix, commonly used as a supplementary therapy 
for cancers, could reprogram the immunosuppressive 
microenvironment in vivo to enhance the cytotoxicity 
of tumor-infiltrating immune cells in melanoma 
(38). Combining oxaliplatin regimens with some 
TCM decoctions containing Radix Codonopsis in 
the management of colorectal cancer (CRC) could 
effectively improve chemotherapy induced CIN, reduce 
myelosuppression and/or enhance immune response of 
patients (39). In addition, polysaccharides from Radix 
Codonopsis exhibited significant inhibitory effects on 
tumor cell growth, invasion, and migration of human 
epithelial ovarian cancer cells (40). Polysaccharides 
from Radix Codonopsis also could inhibit melanoma 
metastasis via regulating integrin signaling (41).
 Although Radix Codonopsis is commonly prescribed 
by traditional Chinese physicians for cancer treatment 
in the clinic, there are few clinical studies published 

currently in English. Thus, more rigorous trials are 
needed to confirm the efficacy of Radix Codonopsis and 
its active constituents on cancer therapy in the future.
 Poria cocos  Poria cocos (Fu-Ling in Chinese or 
Hoelen in Japanese), is an important medicinal and edible 
fungus that grows in association with pine trees, and its 
dried sclerotium has been used as a traditional medicine 
in China for centuries (42). It is a well known Chinese 
herbal medicine used to treat diabetes, dysentery, chronic 
fatigue syndrome, diarrhea, dizziness, edema, insomnia, 
kidney problems, nervousness, urination problems, and 
weakness (5). The chemical composition of Poria cocos 
mainly includes triterpenes, polysaccharides, steroids, 
amino acids, choline, histidine, etc. (43). Recently, Poria 
cocos and its active constituents have been reported 
to have functions of anticancer, anti-inflammatory, 
antioxidant, antiviral and improved immunity (44). 
They have been proposed as an adjuvant treatment to 
synergistically enhance efficacy and reduce toxicity of 
chemo-, radio-, or targeted-therapeutics on leukemia, 
lung, and colorectal cancers and so on.
 Poria cocos combined with oxaliplatin could 
significantly inhibit the migration and invasion of gastric 
cancer cells via regulating the epithelial-mesenchymal 
transition (EMT) process of gastric cancer (45). 
Moreover, Poria cocos as one of the most frequently 
used herbs combined with the FOLFOX4 chemotherapy 
regimen could effectively improve tumor response rate, 
one year survival and QOL of patients. It also could 
alleviate chemotherapy-related adverse events including 
neutropenia, nausea and vomiting, and neurotoxicity, 
compared to the FOLFOX4 chemotherapy regimen 
alone (46). In addition, Pachymic acid, a lanostane-type 
triterpenoid from Poria cocos, could induce apoptosis 
of human lung cancer cells through activation of the 
JNK and ER stress pathways (47), and induce apoptosis 
of bladder cancer cells via the mitochondrial apoptosis 
pathway (48). Triterpenes from Poria cocos also could 
suppress growth and invasiveness of pancreatic cancer 
cells through downregulation of MMP-7 (49). 
 Taken together, although Poria cocos and is its active 
constituents have been reported as an adjuvant treatment 
for cancer therapy, more rigorous trials are needed 
to confirm the efficacy of Poria cocos and its active 
constituents for cancer therapy in the future.

2.1.2. Some single TCMs with properties of promoting 
blood circulation and removing blood stasis

Angelicae Sinensis Radix  Angelicae Sinensis Radix, 
(Dang-Gui in Chinese, Dong Quai in English, Toki 
in Japanese, or Tanggwi in Korea), is a well-known 
Pharmacopoeia-recorded medical material in China 
with nourishing Yin, promoting blood circulation, and 
moisturizing dryness functions. It is usually used to 
strengthen heart, lung, and liver meridians, as well as 
lubricate the bowel (5). Furthermore, it has been called 
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"female ginseng" due to its superior efficacy in treating 
gynecological conditions including dysmenorrhea, 
pelvic pain, recovery from childbirth and menopausal 
symptoms (50). Over 70 compounds have been identified 
from Angelicae Sinensis Radix, including essential oils 
such as ligustilide, butylphthalide and senkyunolide A, 
phthalide dimers, organic acids and their esters such as 
ferulic acid, coniferyl ferulate, polyacetylenes, vitamins 
and amino acids (51). Angelicae Sinensis Radix and some 
of its active constituents have been reported to possess 
hematopoietic, antioxidant, immunoregulatory, anti-
cancer, memory, radioprotective, and neuroprotective 
effects. Moreover, some reports indicated that Angelicae 
Sinensis Radix and some of its active constituents 
exhibited great anticancer effects in liver, oral, and 
lung cancers via inducing apoptosis, revising multidrug 
resistance or modulating lymphocyte activity and 
improving immunity (52,53). In addition, the decoction 
containing Radix Angelicae Sinensis could enhance 
radiosensitivity of radiation in human liver cancer cells 
by modulating caspase-dependent apoptosis protein (54). 
 Although Angelicae Sinensis Radix is commonly 
prescribed by traditional Chinese physicians for cancer 
treatment in the clinic, there are few clinical studies 
published currently in English. Thus, more rigorous trials 
are needed to confirm the efficacy of Angelicae Sinensis 
Radix and its active constituents for cancer therapy in the 
future.
 Curcuma longa  Curcuma longa (Jiang-Huang in 
Chinese), a member of the ginger family and commonly 
known as turmeric, is a culinary spice and therapeutic 
used in Asia for thousands of years to induce color 
and flavor in food as well as to treat a wide array of 
diseases such as diabetes, atherosclerosis, acne, jaundice, 
dysmenorrheal, as well as cancer (5). The major bioactive 
compounds of Curcuma longa contain curcumin, 
demethoxycurcumin, and bisdemethoxycurcumin, 
with curcumin being the most abundant ingredient 
(55). It has been shown that curcumin has a variety of 
pharmacological effects such as antioxidant, anti-cancer, 
anti-inflammatory, and anti-microbial activities. Anti-
cancer effects of curcumin are involved in cell cycle 
arrest, apoptosis, angiogenesis and metastasis via a wide 
range of cellular and molecular pathways involved in 
cancer pathogenesis including NF-kB, MAPK, PTEN, 
P53, and microRNAs (miRNA) network (56). Curcumin 
has been widely used to fight against cisplatin-resistant 
cancer cells and decrease its unwanted side effects (e.g. 
ototoxicity, nephrotoxicity and neurotoxicity) (57). 
Curcumin might be a safe and effective inhibitor of 
P-glycoprotein (P-gp) to overcome multidrug resistance 
(MDR) in human cancer (58). In addition, some research 
has revealed that curcumin can sensitize tumors to 
different chemotherapeutic agents including doxorubicin, 
5-FU, paclitaxel, vincristine, oxaliplatin, etoposide and 
so on in numerous cancers (e.g., breast,colon, pancreas, 
gastric, liver, blood, lung, prostate, and ovary) (59). 

Moreover, curcumin has also been shown to protect 
normal organs such as liver, kidney, oral mucosa, and 
heart from chemotherapy and radiotherapy induced 
toxicity (5).
 However, since most of such findings have yet to be 
confirmed in clinical studies, its effect on humans is not 
clearly known. Thus, the future prospect of research on 
Curcuma longa and curcumin will be a very exciting 
field of research for the coming decades and will provide 
us with better mechanisms of utilizing them as adjuvant 
drugs against cancer in the near future.

2.1.3. Some single TCMs with properties of clearing heat 
and detoxifying

Hedyotis diffusa willd  Hedyotis diffusa willd (Bai-
Hua-She-She-Cao in Chinese) has been known as an 
ingredient of popular herbal teas and a famous TCM for a 
long time in the Orient and tropical Asia. It was recorded 
in Chinese pharmacopoeia (2015 edt) with the functions 
of inducing diuresis to reduce edema, clearing away 
the heat evil and detoxification, and promoting blood 
circulation to arrest pain. Up to now, 171 compounds 
have been reported from Hedyotis diffusa willd, including 
iridoids, flavonoids, anthraquinones, phenolics and their 
derivatives, volatile oils and miscellaneous compounds. 
In vitro and in vivo studies show these phytochemicals 
and plant extracts to exhibit a range of pharmacological 
activities of anti-cancer, antioxidant, anti-inflammatory, 
anti-fibroblast, immunomodulatory and neuroprotective 
effects (60). Recently, Hedyotis diffusa willd and some 
of its active constituents have gained increasing attention 
as an antitumor herb. Clinically, this herb has often been 
applied as a critical element in many TCM formulae for 
the treatment of various cancers, including gastric cancer 
(GC) and colorectal cancer (61-64). A latest retrospective 
matched-cohort study presented that Hedyotis diffusa 
willd was the most commonly prescribed single herb for 
treating GC patients and complementary TCM therapy 
enhanced the overall survival of patients with GC in 
Taiwan (62). It probably produced the therapeutic effects 
against GC by synergistically regulating many biological 
pathways, such as nucleotide excision repair, apoptosis, 
cell cycle, PI3K/AKT/mTOR signaling pathway, VEGF 
signaling pathway, and Ras signaling pathway (61). 
Hedyotis diffusa willd could suppress colorectal cancer 
growth through multiple cellular pathways including 
MAPK, STAT3, AKT and ERK signaling (63). It also 
could suppress metastasis in 5-FU-resistant colorectal 
cancer cells by regulating the TGF-β signaling pathway 
(64). Although Hedyotis diffusa willd is widely studied 
in laboratory and clinical studies, more rigorous trials are 
needed to confirm the efficacy of Hedyotis diffusa willd 
and its active constituents on cancer therapy in the future.
 Scutellaria barbata  Scutellaria barbata (Ban-Zhi-
Lian in Chinese or Banjiryun in Korea), a herbal plant 
in Astragalus genus, is a well-known anti-inflammatory 
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and anti-cancer herb with the properties of clearing 
heat, activating blood and dissolving stasis according to 
TCM theory. It has been widely used for treatment of 
various kinds of cancer, such as colorectal, liver, breast 
and lung cancer in China and other Asian countries 
for many years (65). Chromatographic analysis has 
demonstrated that scutellarein, apigenin, baicalein and 
luteolin are main components of Scutellaria barbata. 
Scutellaria barbata was reported to process the effects of 
promoting apoptosis, and inhibiting cell proliferation and 
angiogenesis in human colon cancer cells. It could inhibit 
migration and invasion of colorectal cancer cells via 
suppression of PI3K/AKT and TGF-β/Smad signaling 
pathways (66). It also could inhibit 5-FU resistance in 
colorectal cancer by regulating PI3K/AKT pathway 
(67). Moreover, Scutellaria barbata could regulate 
immune function of Lewis-bearing C57BL/6 mice with a 
decrease of IL-17, IL-10, FOXP3, TGF-β1, RORγt, and 
IL-6 levels and increase of IL-2 and IFN-γ levels (68). 
In addition, a decoction of Ban-Zhi-Lian (Scutellaria 
barbata) with Bai-Hua-She-She-Cao (Hedyotis diffusa 
Willd) could effectively improve afatinib-induced 
paronychia in patients (69). However, there are few 
reports on the anticancer effects of the active constituents 
of Scutellaria barbata. A water-soluble polysaccharide 
SPS2p, isolated from the whole grass of Scutellaria 
barbata, could inhibit proliferation and EMT, and 
promote apoptosis of human colon cancer HT29 cells via 
PI3K/AKT pathway (70). In the future, more rigorous 
trials are needed to confirm the efficacy of Scutellaria 
barbata and its active constituents for cancer therapy.

3. Traditional Chinese herbal formulations commonly 
prescribed by traditional Chinese physicians for 
cancer treatment

Traditional Chinese herbal formulations, or Kampo 
in Japanese, are a combination of compatible herbs in 
fixed dosages, most of which come from classical or 
well known Chinese textbooks of medicine like "Shang 
Han Lun" and "Jin Gui Yao Lue" (5). Currently, several 
traditional Chinese herbal formulations, such as Bu-
Zhong-Yi-Qi-Tang (TJ-41), have been found to have a 
potentially beneficial effect for treating various cancers. 
A brief outline of the anticancer pharmacology of some 
traditional Chinese herbal formulations commonly 
prescribed by traditional Chinese physicians for cancer 
treatment is presented below (Table 2).

3.1. Bu-zhong-yi-qi-tang

Bu-zhong-yi-qi-tang (Hochuekki-to or TJ-41 in 
Japanese, or Bojungikki-Tang in Korean) is a classical 
formulation widely used in China, Japan, and South 
Korea for a long time. It was recorded as a tonic for the 
treatment of weakness including fatigue, visceroptosis, 
gastrointestinal motility disorder, and rectal prolapse due 
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to chronic diarrhea. Furthermore, it has been identified 
as an effective drug for the treatment of TCM spleen-qi 
deficiency in clinical practice in recent years. It contains 
7 herbs including Pinellia tuber, Scutellaria baicalensis, 
Zingiberis rhizoma, Zizyphi fructus, Coptidis rhizoma, 
Glycyrrhiza radix, and Panax ginseng (3). Recently, 
much of the pharmacological research has shown that 
Bu-zhong-yi-qi-tang has potent immunomodulatory and 
anticancer properties.
 A study was conducted by Li et al. to investigate the 
frequencies and patterns of Chinese herbal medicine 
treatment for lung cancer patients and the effect of 
Chinese herbal medicine on their survival probability 
in Taiwan (71). They indicated that the use of Chinese 
herbal medicine as an adjunctive therapy might reduce 
the mortality hazard ratio of lung cancer patients and 
Bu-zhong-yi-qi-tang was found to be the top formula 
prescribed by traditional Chinese physicians for lung 
cancer patients. Yu et al. found that co-treatment with 
Bu-zhong-yi-qi-tang and cisplatin might reverse cisplatin 
resistance through induction of apoptosis and autophagy 
in lung cancer cells (72). Moreover, Bu-zhong-yi-qi-
tang could inhibit 5-FU-induced intestinal mucositis, 
and this effect might be due to the reduction in apoptosis 
and necrosis in intestinal mucosal epithelia via the 
suppression of inflammatory cytokine up-regulation (73). 
Bu-zhong-yi-qi-tang was reported to have a protective 
effect for intestine and hematopoietic organs against 
radiation damage. It also could effectively improve 
localized radiotherapy-induced immune deterioration via 
increasing the number of CD19+ B cells in patients with 
end stage cancer (74). In addition, Bu-zhong-yi-qi-tang 
might have beneficial effects on cancer-related fatigue 
and QOL in cancer patients, and it also could reduce the 
extent of side effects such as leucopenia and intestinal 
damage and fatigue occurring as a result of radiation or 
chemotherapy used to treat malignant tumors (75).

3.2. Shi-Quan-Da-Bu-Tang

Shi-quan-da-bu-tang (Juzentaiho-to or TJ-48 in 
Japanese, or Sipjeondaebo-tang in Korean) is a well-
known Chinese herbal formulation first recorded in 
the Chinese Song Dynasty (about A.D. 1,200) and it 
comprises 10 herbs including Ginseng radix, Astragali 
radix, Angelicae radix, Rehmanniae radix, Atractylodis 
lanceae rhizoma, Cinnamomi cortex, Poria, Paeoniae 
radix, Ligustici rhizoma and Glycyrrhizae radix (5). 
It has been used for many years for the treatment of 
various kinds of diseases such as anemia, rheumatoid 
arthritis, atopic dermatitis, chronic fatigue syndrome, 
and ulcerative colitis. Recently, Shi-quan-da-bu-tang has 
been reported to have antitumor effects and to modulate 
immune responses. It could reduce the side effects of 
chemotherapy, radiation therapy and surgical treatment, 
and prevent various types of cancers (e.g., breast, liver, 
brain and pancreatic cancer) or their metastasis according 

to numerous preclinical and clinical studies. 
 A Pilot, randomized, double-blind, placebo-controlled 
trial (n = 32) was conducted to evaluate the efficacy and 
safety of Shi-quan-da-bu-tang for anorexia in patients 
with cancer (76). The results showed that 4 weeks of 
Shi-quan-da-bu-tang treatment effectively improved the 
QOL and anorexia in patients. As Shi-quan-da-bu-tang is 
commonly used by patients with lung cancer undergoing 
outpatient chemotherapy, a QOL questionnaire for 
cancer patients treated with anticancer drugs was 
conducted in patients (n = 16) with non-small cell lung 
cancer (77). Significant improvement was observed in 
the total QOL score, mainly owing to improvement in  
patients "physical condition." TJ-48 also could increase 
regulatory activities in T cells through decreasing Foxp3+ 
Treg populations in advanced pancreatic cancer patients, 
and this effect might lead to immune-augumentation 
for various combination therapies (78). Moreover, the 
effect of Shi-quan-da-bu-tang on natural killer (NK) cell 
activity and metastasis in combined treatments with anti-
PD-1 antibody in a mouse model of melanoma metastasis 
was investigated (79). The data suggested that Shi-quan-
da-bu-tang could inhibit B16 cell metastasis by inducing 
NK cell activity. Additionally, combination therapy 
with Shi-quan-da-bu-tang and anti-PD-1 antibody 
increased treatment response rates for B16 melanoma. In 
addition, TJ-48 was effective in alleviating bone marrow 
suppression caused by TS-1 (an oral anticancer drug 
containing a 5-FU derivative Tegafur) in mice (5).

3.3. Xiao-chai-hu-tang

Xiao-chai-hu-tang (Sho-sai-ko-to or TJ-9 in Japanese), a 
classical traditional Chinese herbal formulation originally 
recorded in "Shang Han Lun", has been used to treat liver 
diseases especially chronic hepatitis and liver cancer 
for thousands of years in China and Japan. It consists of 
seven medicinal herbs (Bupleurum falcatum, Scutellaria 
baicalensis, Panax ginseng, Zizyphus jujube, Pinellia 
ternate, Zingiber officinale, and Glycyrrhiza glabra) (5). 
Much pharmacological research has shownthat Xiao-
chai-hu-tang has potent antiinflammation, antioxidation, 
immunomodulation, hepatoprotective, anti-hepatic 
fibrosis, and antitumor properties. Recently, many basic 
or clinical studies have been conducted to assess the 
beneficial effects and safety of Xiao-chai-hu-tang for 
cancer treatment. These studies have demonstrated that 
Xiao-chai-hu-tang treats cancer by enhancing immune 
regulation, anti-angiogenesis and apoptosis of tumor 
cells.
 Xiao-chai-hu-tang could halt cell proliferation and 
promote apoptosis of human hepatocellular carcinoma 
(HCC) cells via regulating the expression of Bax, Bcl-
2, CDK4 and cyclin-D1 (80). A cross-sectional analysis 
of the National Health Insurance Research Database in 
Taiwan was conducted to investigate the prescription 
frequency and patterns of Chinese herbal medicines for 
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HCC patients. They found that the herbal preparation 
of Xiao-chai-hu-tang was the most obviously increased 
and important Chinese herbal medicine being used 
for HCC patients (81). A cohort study that also used 
the Taiwanese National Health Insurance Research 
Database was conducted to investigate the effects of 
Chinese herbal medicine on HCC risk among patients 
with chronic hepatitis B. They suggested that the use of 
some Chinese herbal medicines including Xiao-chai-hu-
tang was associated with a significantly reduced HCC 
risk in patients with chronic hepatitis B, which supports 
the integration of TCM into clinical practice to influence 
a favorable prognosis (82). In addition, Xiao-chai-hu-
tang gargle as a gargling agent for patients receiving 
chemotherapy showed a significantly decreased 
incidence of stomatitis, and a painkilling effect compared 
to gargling with providone-iodine and amphotericin B. 
Thus, Xiao-chai-hu-tang gargle was considered to be a 
useful method against stomatitis prevention and sharp 
pain mitigation from chemotherapy (83). 

3.4. Huang-qin-tang

Huang-qin-tang is a classical traditional Chinese herbal 
formulation with four herbs (Scutellaria baicalensis 
Georgi, Paeonia lactiflora Pall, Glycyrrhiza uralensis 
Fisch, and Ziziphus jujuba Mill), which was first 
recorded in "Shang Han Lun". It has been used for 
over 1800 years to treat a variety of gastrointestinal 
symptoms including diarrhea, nausea and vomiting, and 
abdominal cramps (5). PHY906 (KD018) is a modified 
pharmaceutical preparation derived from the traditional 
herbal formulation Huang-qin-tang and it consists of the 
same four herbs as Huang-qin-tang at a relative weight 
ratio of 3:2:2:2 (3). A series of preclinical and clinical 
studies to investigate the anticancer activities of PHY906 
has been conducted in recent years. PHY906 not only 
enhances the antitumor efficacy of some anticancer 
drugs but also alleviates chemotherapy-induced side 
effects, such as diarrhea (84). PHY906 can serve as an 
adjuvant to Sorafenib, CTP-11, 5-FU, leucovorin (LV), 
and capecitabine in the treatment of advanced colorectal, 
pancreatic, and liver cancer (85,86).
 According to a preclinical study, PHY906 was 
reported to enhance the anti-tumor activity of Sorafenib 
in nude mice bearing HepG2 xenografts by targeting the 
inflammatory state of the microenvironment of tumor 
tissue (85). PHY906 was also demonstrated to decrease 
toxicity from fractionated abdominal irradiation by 
promoting faster recovery of the intestine (87). Additional 
preclinical studies have shown that PHY906 could 
reduce the toxicity associated with CTP-11 treatment 
while increasing CTP-11's antitumor effects in metastatic 
colorectal cancer (86). Clinical studies indicated that 
PHY906 treatment could result in a significant decrease 
in patient's gastrointestinal toxicity, and no PHY906-
associated toxicity has been observed (84).

4. Chinese medicine preparations commonly used in 
clinical practice for cancer treatment

Chinese medicine preparations are a form of Chinese 
herbal medicine that are isolated from single herbs 
or their active compounds or herbal formulations and 
prepared using modern advanced pharmaceutical 
technology (3). There are various dosage forms including 
injections, tablets, pills, capsules, and liquids. Compared 
to traditional decoctions, Chinese medicine preparations 
are safer, more effective, and easier to use (5). Thus, 
Chinese medicine preparations are becoming increasingly 
popular in China and are attracting worldwide attention. 
 Currently in China, some Chinese medicine 
preparations are derived from single TCMs or their active 
compounds or herbal formulations, which have properties 
of spiriting vital energy and their anticancer molecular 
mechanisms mainly by improving immunity (e.g., 
Shenqi fuzheng injection and Kanglaite injection). Some 
Chinese medicine preparations are derived from single 
TCMs or their active compounds or herbal formulations, 
which have properties of clearing heat and detoxifying, 
promoting blood circulation and removing blood stasis 
and their anticancer molecular mechanisms involving 
apoptosis, cell cycle arrest, angiogenesis and metastasis, 
immune-regulation, and so on (e.g., Huachansu injection 
and Brucea javanica injection). We want to stress that 
some TCMs and some natural compounds like Mylabris, 
Chansu, camptothecin derivatives, and vinca alkaloids 
are toxic. However, the application of these toxicants 
provides a magic power to deal with severe diseases like 
cancer, and this process might be described as "fighting 
fire with fire" (88). Thus, in the following, a brief outline 
of the oncologic pharmacology of the most commonly 
used Chinese medicine preparations including some 
toxicants that have been approved by the State Food 
and Drug Administration (FDA) of China are briefly 
presented below (Table 3).

4.1. Shenqi fuzheng injection

Shenqi fuzheng injection is an injectable traditional 
Chinese herbal formula comprised of two herbal 
medic ines ,  Radix  As t raga l i  (Huang-Qi )  and 
Codonopsis pilosula (Dang-Shen). The injection has 
been approved by China's FDA since the 1990s (3). 
It is used extensively throughout China to modify the 
immunological function of patients with chronic diseases 
including cancer and cerebrovascular diseases such as, 
angina, coronary heart disease, heart failure, and so on. 
Currently, many trials have studied the Shenqi fuzheng 
injection in combination with chemo- or radio-therapy 
in patients with lung, breast, and colorectal cancer; some 
have shown that the Shenqi fuzheng injection may play 
an important role in the treatment of advanced cancers 
by improving tumor response and reducing the toxicity 
of chemotherapy (89-91).

228
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 A meta-analysis indicated that Shenqi fuzheng 
injection combined with chemotherapy (e.g., FOLFOX 
regimen and XELOX regimen) in treatment of colorectal 
cancer could improve chemotherapy efficacy and quality 
of survival (KPS), strengthen cellular immune function 
(CD3+, CD4+, CD4+/CD8+ and NK+), and reduce 
adverse events such as leukocytopenia, thrombocytopenia 
and gastrointestinal toxicity (89). Additional meta-
analysis demonstrated that the Shenqi fuzheng injection 
intervention with conventional chemotherapy exhibited 
better therapeutic efficacy than the conventional 
chemotherapy group with a statistically significant higher 
objective tumor response in the treatment of lung, breast, 
and digestive cancers. Cotreatment with Shenqi fuzheng 
injection could enhance NK, CD3 +, CD4 + level, and 
CD4 +/CD8 + ratio compared with the conventional 
chemotherapy group (90). Moreover, Shenqi Fuzheng 
injection can improve the clinical efficacy and decrease 
the radiation toxicities in the NSCLC patients treated 
with radiation (91). In addition, Shenqi fuzheng injection 
could attenuate cranial radiation therapy-induced brain 
injury in mice via inhibition of the NF-κB signaling 
pathway and microglial activation (92). 

4.2. Kanglaite injection

Kanglaite injection is an acetone extract of herbal 
medicine coix seed (Semen Coicis Yokuinin) prepared 
as an herbal medicine using modern advanced 
pharmaceutical technology. In August 1997, Phase III 
clinical trials were completed and Kanglaite injection 
was officially launched in China after final approval 
from the Ministry of Public Health (5). Since that time, 
over 1 million cancer patients have received Kanglaite 
injection. Kanglaite injection is mainly used for the 
treatment of NSCLC, liver cancer, gastric cancer, etc. 
It has been found to significantly decrease cancer load, 
improve QOL of cancer patients, and may ameliorate 
multiple drug resistance of cancers when combined with 
chemo-, radio-, or targeted-therapy in clinical use.
 According to a preclinical study, Kanglaite 
injection combined with Gefitinib had an outstanding 
apoptosis promotion effect on A549 cell lines of lung 
adenocarcinoma, and Kanglaite injection could increase 
sensitivity of A549 cells of human lung adenocarcinoma 
to Gefitinib (93). Additionally, a recent study reported 
that Kanglaite injection could inhibit tumor necrosis 
factor-alpha-mediated epithelial mesenchymal transition 
(EMT) in colorectal cancer cell lines via inhibition of 
NF-κΒ pathway (94).
 In clinical practice, Kanglaite injection was reported 
to provide objective evidence for lung cancer and 
significantly reduce the expression of miRNA-21 in 
patients with advanced lung cancer (95). Moreover, a 
randomized, open-label, safety and exploratory efficacy 
study of Kanglaite injection plus Gemcitabine versus 
Gemcitabine in patients with advanced pancreatic cancer 
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was published in 2017  by Schwartzberg et al. This 
multi-centered, randomized phase 2 trial indicated that 
Kanglaite injection (30 g/day) plus a standard regimen 
of gemcitabine demonstrated encouraging clinical 
evidence of anti-neoplastic activity and a well-tolerated 
safety profile (96). In addition, a network of meta-
analysis involving 38 randomized controlled trials and 
2,761 participants was conducted to compare which was 
the best Chinese herb injection based on the FOLFOX 
regimen for gastric cancer. Kanglaite injection exhibited 
greater effects than many other Chinese herb injections 
in clinical efficacy and safety for gastric cancer. It could 
strengthen the overall response rate, improve the QOL, 
reduce nausea and vomiting, and reduce the incidence of 
leukopenia (III-IV) (97).

4.3. Huachansu injection

Huachansu injection or Cinobufacini injection is a 
water-soluble preparation extracted from the skin and 
parotid venom glands of the toad (Bufo bufo gargarizans 
Cantor) which contains Chansu. It has been approved 
by China's FDA since the 1990s and widely used to treat 
patients with lung, liver, colon, and pancreatic cancers 
at oncology clinics in China (3). Cardiac glycosides 
including bufalin, resibufogenin, and cinobufagin 
are the three major active constituents to which the 
antitumor activity of Huachansu injection may be 
attributed. Huachansu injection exhibited significant 
effects on inhibition cell proliferation, induction of cell 
differentiation and apoptosis, disruption of the cell cycle, 
inhibition of cancer angiogenesis, reversal of multi-
drug resistance, and regulation of the immune response 
in cancer cells (5). It also could effectively enhance 
physical immunity and improve the QOL with little 
toxicity in cancer patients. 
 Pre-clinical studies have shown that Huachansu 
effectively inhibits growth and induces apoptosis 
in human HCC. Combination of Cinobufacini 
and doxorubicin could increase apoptosis of HCC 
cells through the Fas- and mitochondria-mediated 
pathways (98). Additionally, recent studies reported 
that cinobufacini might be able to regulate cancer cell 
migration accelerated by matrix metalloproteinases 
of human breast carcinoma cell line MDA-MB-231 
(99,100). Moreover, Huachansu could efficiently inhibit 
proliferation and induce apoptosis in human bladder 
cancer cells in vitro and in vivo, which was largely 
mediated by Fas/FasL and TNF-α/TNFR1 pathway (101).
 A meta-analysis suggested that Huachansu could 
be a promising supplement to routine chemotherapy 
in treating advanced NSCLC. It could effectively 
improve object ive tumor response of  NSCLC 
patients and reduce chemotherapy-related side effects 
including leukocytopenia, thrombocytopenia, and 
nausea and vomiting and so on (102). Another meta-
analysis demonstrated that cinobufacini combined 

with transcatheter arterial chemoembolization (TACE) 
could significantly increase the objective response rate 
and 2-year survival rate compared with TACE only 
in patients with advanced HCC (103). In addition, 
Huachansu injection has been reported to be effective for 
treating malignant pericardial effusion, pleural effusions, 
and ascites by intracavitary injection. Huachansu 
injection could effectively relieve the patient's cardiac 
tamponade symptoms and improve the patient's QOL 
with the levels of CA-125 in pericardial effusion 
decreased and the quantity of pericardial effusion 
significantly reduced (104). Recently, a randomized 
phase II study demonstrated that Cinobufacin injection, 
when combined with gemcitabine, failed to improve 
the outcome of patients with locally advanced and/or 
metastatic pancreatic cancer (105). This is partly due 
to the insufficient efficacy of Cinobufacin injection in 
current formulation. Therefore, development of a more 
potent drug formulation demands a clear knowledge of 
the active components in Cinobufacin, and identification 
of their putative biomarkers. 

4.4. Brucea javanica oil emulsion injection

Brucea javanica oil emulsion injection (BJOEI) is one of 
TCMs products, which takes Brucea Jen petroleum ether 
extracts as raw material and purified soybean lecithin as 
emulsifier (106). It is employed as adjunctive therapy in 
the treatment of lung carcinoma, brain metastasis of lung 
carcinoma, and gastrointestinal tumorigenesis. 
 The anticancer activity of BJOEI might be attributed 
to the following properties: inducing apoptosis, disturbing 
the cell cycle, disrupting cellular energy metabolism, and 
depressing expression of vascular endothelial growth 
factor (107). A great number of published studies have 
proved that BJOEI can perform a synergistic antitumor 
effect by improving tumor response, boosting KPS, 
reducing the incidence of adverse events and stimulating  
immunity during chemotherapy or radiotherapy (108). 
 A meta-analysis involving twenty-one studies and 
2234 cases indicated that BJOEI could enhance the 
chemotherapeutic effect in NSCLC patients, improve the 
QOL, and reduce adverse effects of platinum-contained 
chemotherapeutics including nausea and vomiting and 
leucopenia, and thus it is worth referring to the clinic 
(107). Moreover, BJOE combined with chemotherapy 
could be considered as a safe and effective regimen in 
treating patients with advanced gastric cancer. A meta-
analysis demonstrated that BJOEI combined with 
chemotherapy (e.g., Potassium capsule, Cisplatin, 5-FU, 
and Oxaliplatin) for treating gastric cancer possessed 
the property of prominently relieving nausea and 
vomiting, diarrhea, neutropenia, neurotoxicity, and so 
on (109). In addition, intrapleural injection of traditional 
chemotherapy drugs plus BJOEI has a better benefit 
of overall response rate (ORR) for treating malignant 
pleural effusions and improves the QOL of malignant 
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pleural effusions patient, compared with traditional 
chemotherapy drugs alone (110). The participation of 
BJOEI could reduce the toxicity caused by chemotherapy 
drugs. However, more prospectively designed, large-
sample, and multicenter rigorously randomized 
controlled trials (RCTs) should be needed for BJOEI in 
future studies.

5. Clinical trials of Chinese herbal medicines as 
adjuvant treatment in cancer therapy

In conventional Western medicine, chemotherapy, 
radiotherapy and targeted-therapy are major conventional 
cancer therapies and bring great benefit to the survival 
of patients; however, these treatments typically affect 
multiple organ systems including gastrointestinal tract, 
heart, liver, kidney, marrow, skins, peripheral nerves, 
blood vessels, and so on. Fatigue, pain, diarrhea, 
nausea, vomiting, hair loss, cardiac injury (e.g., 
myocardial ischemia, hypertension, cardiomyopathy, and 
arrhythmia), bone marrow suppression, liver and kidney 
dysfunction, and peripheral neuropathy symptoms are 
common side effects and complications during chemo-, 
radio- or targeted-therapy (5,9). These complications 
and side effects inconvenience and cause discomfort to 
patients and they may also limit or prevent delivery of 
therapy at its optimal dose and time, potentially causing 
fatalities. Among them, febrile neutropenia is a life-
threatening condition that requires immediate attention, 
especially in patients with chemotherapy-related 
neutropenia, and cardiovascular disease represents the 
most common potentially life-threatening late effects 
(111,112). Thus, more effective therapies to help 
prevent and control complications and side effects of 
conventional cancer therapies must soon be developed. 
Some TCMs have been found to be adjunctive in cancer 
therapies. Here we will give a brief outline on the use 
of TCMs to reduce some complications and side effects 
associated with conventional cancer therapies in clinical 
studies (Table 4).
 
5.1. Fatigue

Cancer-related fatigue is a highly prevalent, persistent 
and subjective sense of tiredness related to cancer 
disease or cancer treatment which cannot be relieved 
by sleep or rest (5,113). Regardless of cancer type 
and treatment modality, nearly all patients experience 
fatigue during cancer treatment and nearly a third report 
chronic fatigue that persists for years after treatment 
completion. It significantly interferes with patients' 
daily activities and decreases their QOL. Additionally, 
these symptoms can be accompanied by depression and 
impairment in cognition and sleep. However, it remains 
under-recognized and under-treated, partly because of 
limited understanding of its pathophysiology and lack 
of effective treatments. Traditional Chinese medical 

comprehensive therapy might have its advantages in 
dealing with this condition. 
 A systematic review of randomized clinical trials 
involving 10 trials and 751 participants was conducted to 
analyze the effect of Chinese herbal medicine for cancer-
related fatigue (114). The findings showed that Chinese 
herbal medicine plus chemotherapy or supportive care 
was superior to chemotherapy or supportive care in 
improving quality of life including relieving cancer-
related fatigue and anxiety. In addition, a randomized, 
double-blind, placebo-controlled clinical trial was 
conducted to evaluate the efficacy of Shen-mai-san 
(a famous Traditional Chinese herbal formulation 
composed of processed Ginseng, Liriope spicata, 
and Schizandrae fructus) in patients with cancer who 
were undergoing chemotherapy or radiotherapy (115). 
Shenmai-san was found to be effective for treating 
cancer-related fatigue and had anti-fatigue activity as 
shown on a QOL questionnaire and laboratory data 
(e.g., WBC, Hb, platelet, CEA, heart rate variability, 
and liver and renal functions). Furthermore, Bu-Zhong-
Yi-Qi-Tang was reported to have beneficial effects 
on cancer-related fatigue and quality of life in cancer 
patients (75). Taken together, the findings from a limited 
number of trials suggest that Chinese herbal medicine 
seems to be effective and safe in the treatment of 
cancer-related fatigue. However, the current evidence 
is insufficient to draw a confirmative conclusion due 
to the poor methodological quality of included trials. 
Thus, conducting rigorously designed trials on potential 
Chinese herbal medicine is warranted. 

5.2. Chronic pain 

Pain is a common and burdensome symptom of cancer 
and the causes of pain can be the cancer itself (the 
tumor pressed on bones, nerves, or other organs) or its 
treatment (e.g., surgery, chemotherapy, or radiotherapy). 
It was reported that 75-90% of cancer patients especially 
who have bone metastasis experienced pain during their 
illness (5). As indicated in current WHO guidelines, 
three step analgesic ladder therapies are the standard of 
care for cancer pain. However, up to 50% of cancer pain 
is still undertreated. In recent years, many clinical trials 
have suggested that some TCMs as adjunctive therapy 
increase the peripheral release of endogenous analgesic 
agents, reduce pain mediator secretion and induce 
central nervous system (CNS) analgesia. These studies 
demonstrated that the use of TCM to treat pain triggered 
by cancer is effective and economical and furthermore 
produces fewer side effects (116).
 Wen Jing Zhi Tong Fang, is a Chinese herbal 
medicine first recorded in the Qing Dynasty and 
composed of evodia rutaecarpa (Wuzhuyu), semen 
sinapis (Baijiezi), ephedra sinica (Mahuang), and asarum 
sieboldii (Xixin). It is designed for cancer pain relief 
through dredging healthy Qi to warm and activate blood 
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and by promoting circulation through the back meridians, 
which is considered to be the source of yang Qi (healthy 
Qi) and have broad connections with the viscera. The 
application of CMWC on back meridians combined with 
WHO 3-step analgesic ladder treatment was effective 
in relieving cancer-related pain with reduced doses, less 
adverse reactions, and improved QOL (117). Shuangbai 
San is a Chinese herb preparation used externally to treat 
pain. It contains 6 Chinese herbal medicines: Oriental 
Arborvitae, Rhubarb, Phellodendron amurense, Mint, 
Eupatorium japonicum, and Corydalis). A multicenter, 
randomized, double-blind, placebo-controlled trial 
indicated that the use of Shuangbai San could effectively 
relieve mild pain in liver cancer patients and improve 
their QOL (118). In all, TCM interventions appear to 
have beneficial effects on cancer-related pain. However, 
there are several limitations associated with the current 

published studies on TCMs relieving pain such as 
indeterminate results, small sample sizes, and little 
examination of outcomes. Therefore, further research 
with rigorous design and larger sample size is needed to 
re-evaluate the effectiveness of TCMs in treating cancer 
related pain.

5.3. Bone marrow suppression

Bone marrow suppression is a reduction in the activity 
of bone marrow, resulting in decreased numbers of red 
blood cells, platelets, and white blood cells. One of the 
most common reasons for a patient to have this condition 
is chemotherapy treatment for cancer. While the bone 
marrow is functioning below normal levels, the patient 
is at risk, and needs to be monitored very closely. In 
some cases, hospitalization is recommended for people 
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Table 4. Clinical trials of Chinese herbal medicines as adjuvant treatment to reduce complications and side effects during 
chemotherapy

Chinese herbal
medicines

TJ-41

Shen-mai-san

Wen Jing Zhi 
Tong Fang

Fufang E-Jiao 
Jiang

Elemene 
injection

TJ-43

PHY906

AC591

Aidi 
injection

Zhi-Gan-Cao-
Tang

Xiao-chai-hu-
tang (TJ-9)

Complications 
and side effects

Fatigue

Fatigue

Chronic pain

Bone marrow
suppression

Bone marrow
suppression

Gastrointestinal
function

Gastrointestinal
function

CIPN

Radiation
pneumonitis

Cardiotoxicity

Acneiform 
eruptions

Patients (n)

n = 40

n = 60

n = 62

n = 64

n = 765

n = 60

n = 24

n = 72

n = 1,192

A case
report

A case 
report

*A systematic review and meta-analysis; Abbreviations: Bu-Zhong-Yi-Qi-Tang (TJ-41); Liu-jun-zi-tang (TJ-43); Huangqi Guizhi Wuwu 
decoction (AC591); Chemotherapy induced peripheral neuropathy (CIPN).

Experimental group

TJ-41

Shen-mai-san

Wen Jing Zhi Tong 
Fang + appropriate 
analgesic drug

Fufang E-Jiao Jiang +
 chemotherapy + 
rhIL-11 + rhG-CSF

Elemene injection 
+ radiation

TJ-43

PHY906 + 
chemotherapy

AC591 + 
chemotherapy

Aidi injection 
+ radiotherapy

Zhi-Gan-Cao-Tang + 
Anthracycline 
compounds

TJ-9 + Gefitinib

Control group

Nothing

Placebo

Appropriate 
analgesic drug

Chemotherapy
+ rhIL-11 + 
rhG-CSF

Radiation

Placebo

Chemotherapy

Chemotherapy

Radiotherapy

Anthracycline 
compounds

Gefitinib

                        Outcomes

Fatigue levels increased (experimental 
group vs. control group, p < 0.05)

QOL and laboratory data (e.g., CEA, 
heart rate variability, and liver and renal 
functions) improved

Relieving cancer-related pain with reduced 
doses of analgesic drugs, less adverse 
reactions, and improved QOL.

Relieving the myelosuppression caused by 
GP regimen and increasing white cell and 
blood platelets counts 

Reducing the incidence of bone marrow 
suppression and improving QOL

Reducing anorexia and maintaining food 
intake caused by cisplatin-including 
chemotherapy

Some gastrointestinal side effects such as 
diarrhea, abdominal cramps, and vomiting 
were reduced

Preventing oxaliplatin-induced neuropathy 
without reducing its antitumor activity

Alleviating the radiation pneumonitis, 
radiation esophagitis, and myelosuppression 
of radiotherapy

Chest X-ray: great improvements in 
pulmonary edema and cardiomegaly.

Exhibiting significant effects on acneiform 
eruptions induced by Gefitinib

Ref.

75

115

117

119

120*

122

5

123

128*

131

132

Clinical trials of TCMs as adjuvant treatment in cancer therapy
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with Bone marrow suppression until their bone marrow 
is functioning normally. In recent years, some TCMs 
have been reported to have beneficial effects on cancer 
therapy related bone marrow suppression.
 Colla corii asini (or E-Jiao in Chinese), donkey-
hide gelatin prepared by stewing and concentrating 
from Equus asinus L. donkey hide, is a health-care 
food and traditional Chinese medicine widely used 
in life-nourishing and clinical hematic antanemic 
therapy for more than 2,000 years in China (5). Many 
studies indicated that E-Jiao and its preparations such 
as Fufang E-Jiao Jiang could effectively promote the 
recovery of bone marrow hemopoietic function in cancer 
patients with myelosuppression. Fufang E-Jiao Jiang in 
combination with conventional interleukin-11 (rhIL-11) 
and recombinant human granulocyte colony stimulating 
factor (rhG-CSF) in cancer patients showed significant 
effects on relieving the myelosuppression caused by 
GP (Gemcitabine + DDP) chemotherapy regimen and 
increasing white cell and blood platelet counts compared 
to using rhIL-11 and rhG-CSF groups alone (119). In 
addition, the elemene injection combined radiotherapy 
in the treatment of lung cancer with brain metastases 
appears to improve the treatment response rate and 
alleviated symptoms. The combined treatment has 
showed positive impact to reduce the incidence of bone 
marrow suppression and improve QOL (120). Kushen 
injection combined with radiotherapy significantly 
improved the clinical effect and reduced the incidence 
of adverse events including bone marrow suppression, 
radiation pneumonia, and radiation esophagitis (121). 
In all, TCM interventions appear to have beneficial 
effects for alleviating myelosuppression caused by 
chemotherapy in cancer patients. However, there are 
several limitations associated with the current published 
studies of TCMs relieving myelosuppression such as 
indeterminate results, small sample sizes, and little 
examination of outcomes. Thus, conducting rigorously 
designed trials on potential Chinese herbal medicine are 
warranted.

5.4. Gastrointestinal side effects

Gastrointestinal side effects including loss of appetite, 
diarrhea, nausea, and vomiting are the most common 
symptoms occurring in cancer patients after surgery 
and/or receiving chemo-, radio-, or targeted-therapy. 
However, there is still no effective treatment to 
ameliorate these symptoms in cancer patients. Recently, 
many clinical trials have suggested that some TCMs may 
be effective for treating gastrointestinal side effects.
 Liu-jun-zi-tang (TJ-43 or Rikkunshito in Japanese) 
is a famous Traditional Chinese herbal formulation 
including 6 herbs (Ginseng Radix, Poria cocos, 
Rhizoma atractylodis macrocephalae, liquorice root, 
pinelliae tuber, pericarpium citri,common ginger, and 
Jujube) (5). TJ-43 enhances digestive tract motility, 

improves the gastric accommodation reflex, protects 
against gastric mucosal injury, and enhances appetite. 
Based on these mechanisms, TJ-43 has been used to 
treat various gastrointestinal tract diseases, such as 
functional dyspepsia, gastroesophageal reflux disease, 
and chemotherapy-induced nausea. A placebo-controlled, 
double-blind, randomized trial was conducted to 
evaluate the efficacy of TJ-43 for chemotherapy-induced 
anorexia (122). TJ-43 was shown to have the effect of 
reducing anorexia and maintaining food intake caused by 
cisplatin-including chemotherapy in patients with lung 
cancer. In addition, some clinical studies have shown 
that PHY906 enhances the therapeutic indices of a broad 
spectrum of anticancer agents such as Capecitabine, 5-FU 
and irinotecan in colorectal, liver, and pancreatic cancers. 
PHY906 could reduce chemotherapy-induced toxicities 
especially gastrointestinal side effects (5,86). 

5.5. Peripheral neuropathy

Chemotherapy induced peripheral neuropathy (CIPN) is a 
common significant and debilitating side-effect resulting 
from the administration of neurotoxic chemotherapeutic 
agents. These pharmaco-chemotherapeutics can include 
taxanes, vinca alkaloids, platinum analogues, and others. 
Moderate to severe CIPN significantly decreases the 
quality of life and physical abilities of cancer patients. 
However, there are currently no effective drugs to 
prevent CIPN. Recently, many clinical trials have 
suggested that some TCMs may be effective at treating 
CIPN. 
 AC591 is a standardized extract of Huangqi 
Guizhi Wuwu decoction, an herbal formula recorded 
in "Synopsis of the Golden Chamber" for improving 
limb numbness and pain. AC591 could prevent 
oxaliplatin-induced neuropathy without reducing its 
antitumor activity, and might be a promising adjuvant 
to alleviate sensory symptoms in clinical practice (123). 
Goshajinkigan, a Japanese traditional herbal medicine 
(Kampo), is a promising drug which is widely used to 
treat diabetic neuropathy and CIPN in Japan. It could 
relieve the oxaliplatin-induced cold hyperalgesia and 
mechanical allodynia without affecting anti-tumor 
activity of oxaliplatin, and, therefore, might be useful for 
the oxaliplatin-induced neuropathy in clinical practice 
(124).

5.6. Radiation pneumonitis

Radiotherapy pneumonitis (RP) caused by radiation-
induced lung toxicity is the most serious complication 
(125). It typically presents 1-6 months after radiation 
therapy. The clinical features usually include mild 
dry cough, mild fever, and mild dyspnea, but in some 
cases, severe respiratory failure appears and leads to 
death. The incidence of moderate to severe radiotherapy 
pneumonitis with radiotherapy is 10-20%. When RP 
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is left untreated for a long time, it may develop into 
pulmonary fibrosis, which has a high rate of mortality. 
However, there is a lack of drugs for prevention and 
treatment of this disease. In recent years, some TCMs 
have been reported to have beneficial effects on 
radiotherapy-related radiation pneumonitis.
 A systematic review involving twenty-two RCTs and 
1819 participants was conducted to evaluate the efficacy 
and safety of herbal medicines as adjunctive therapy 
for the prevention of radiation pneumonitis in patients 
with lung cancer who undergo radiotherapy (126). 
The findings showed that the herbal formulas used in 
combination with radiation therapy consisted mainly of 
those that tonify yin, tonify qi, and nourish blood. Among 
them, Ophiopogonis Radix is the most commonly used 
herb that nourishs yin, Astragali Radix is a typical 
herb with qi-tonifying effects, and Angelicae Sinensis 
Radix is a classic herb that nourishes blood for lung 
cancer as adjunctive therapy with radiotherapy. A recent 
systematic review reported that Astragalus-containing 
Chinese herbal medicines are effective at protecting 
against radiotherapy pneumonitis as adjunctive therapy 
during conservative radiotherapy (127). Aidi injection 
(Z52020236, China Food and Drug Administration 
(CFDA)) is an adjuvant chemotherapy drug commonly 
used in China, which is composed of the extracts from 
Astragalus, Eleutherococcus senticosus, Ginseng, and 
Cantharidin. Astragalus, Eleutherococcus senticosus, 
Cantharidin and Ginseng, and others are important 
traditional Chinese medicine, which appear to have 
antitumor activity, immunoregulation, and attenuation to 
the acute or subacute toxicity induced by chemotherapy 
(128). Aidi injection plus radiotherapy could significantly 
improve the clinical efficacy and QOL of patients 
with lung cancer. Aidi injection could alleviate the 
myelosuppression, radiation pneumonitis, and radiation 
esophagitis of radiotherapy. It had the attenuation and 
synergistic efficacy to radiotherapy. In all, there is 
some encouraging evidence that oral administration 
of herbal medicines combined with radiotherapy may 
benefit patients with thoracic cancer by preventing or 
minimizing radiation pneumonitis. However, due to the 
poor methodological quality of the identified studies, a 
definitive conclusion could not be drawn. To confirm the 
merits of this approach, further rigorously designed large 
scale trials are warranted. 

5.7. Cardiotoxicity

Anthracycline compounds (e.g . ,  doxorubicin, 
epirubicin, and daunorubicin) are some of the most 
effective antineoplastic drugs in the treatment of both 
hematological malignancies and solid tumors (129). 
Moreover, anthracycline-based treatments are first-line 
chemotherapy agents used to treat breast cancer both 
in the adjuvant and neoadjuvant setting. Unfortunately, 
anthracycline-associated dose-dependent cardiotoxicity 

is a limiting factor in clinical use. Extensive efforts 
have been devoted to identifying strategies to prevent 
anthracycline-induced cardiotoxicity. However, most 
cardioprotective agents have shown little effect in 
clinical trials. In recent years, some Chinese herbal 
medicines have been reported to have beneficial effects 
on anthracycline-induced cardiotoxicity.
 Platycodon grandiflorum (Jie-Geng) is an herb 
that has been used in TCM for thousands of years 
to treat cardiovascular disease. In TCM theory, P. 
grandiflorum can nourish Qi and relieve symptoms, such 
as palpitations, shortness of breath, and chest pain. A 
randomized controlled trial indicated the cardioprotective 
effects and safety of P. grandiflorum in patients with 
early breast cancer receiving anthracycline-based 
chemotherapy (130). Zhi-Gan-Cao-Tang, an herbal 
formula recorded in "Shang-Han-Lun" to supplement 
Yang-Qi, nourish the Ying-blood, and strengthen the 
heart spirit as complementary medicines to relieve heart 
failure-related symptoms. It was reported that Zhi-Gan-
Cao-Tang was the most frequent formula Chinese herbal 
formula prescribed by TCM practitioners for treating 
heart failure. A case was presented that anthracycline-
induced cardiotoxicity resolved slowly following the 
administration of modified Zhi-Gan-Cao-Tang in an 
18-year-old adolescent male with refractory acute 
lymphoblastic leukemia (ALL) (131). After 2 months of 
Zhi-Gan-Cao-Tang treatment, the follow-up chest X-ray 
showed great improvements in pulmonary edema and 
cardiomegaly.

5.8. Molecular-targeted drugs-related adverse effects

With molecular-targeted drugs especially epidermal 
growth factor receptor-tyrosine kinase inhibitors (EGFR-
TKIs) (e.g., Gefitinib and Afatinib) widely used, adverse 
effects of such treatments including acneiform eruptions, 
paronychia, xerosis, mucositis, and alopecia are thought 
to be less severe, but can still be significant (6). Not 
only can these toxicities severely affect patients' QOL, 
but in some specific instances, they can be associated 
with increased response to therapy. The incidence of 
acneiform eruptions is about 60-80% in patients using 
EGFR-TKIs. It usually appears within 1 to 3 weeks 
after EGFR-TKIs treatment and reaches a peak within 
3 to 5 weeks. Li et al. reported that Xiao-chai-hu-tang 
exhibited significant effects on acneiform eruptions 
induced by Gefitinib (132). In addition, some Chinese 
herbal medicines with the properties of "clearing heat", 
"detoxifying" and "cooling blood" exhibited significant 
effects on acneiform eruptions induced EGFR-TKIs 
such as Cortex moutan, Radix paeoniae rubra, Fructus 
Kochiae, and so on (133). However, there are few reports 
on the effects of Chinese herbal medicines on molecular-
targeted drugs-related adverse effects in English. 
Moreover, due to the poor methodological quality of the 
identified studies, a definitive conclusion could not be 
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drawn. To confirm the merits of this approach, further 
rigorously designed large scale trials are warranted. 

6. Conclusion

In conclusion, Chinese herbal medicines substantially 
influence cancer therapy as adjuvant treatment. In cancer 
treatment, Chinese herbal medicines in combination 
with chemo-, radio-, and targeted-therapy are capable 
of enhancing the efficacy of and diminishing the side 
effects and complications caused by these therapies. 
Chinese herbal medicines have great advantages in 
terms of suppressing tumor progression, increasing 
the sensitivity of chemo-, radio-, and targeted-therapy, 
improving an organism's immune system function, and 
lessening the damage caused by these therapies. They 
have a significant effect on reducing cancer-related 
fatigue and pain, improving peripheral neuropathy 
and gastrointestinal side effects including diarrhea, 
nausea, and vomiting, decrease the incidence of bone 
marrow suppression, protecting anthracycline-induced 
cardiotoxicity and radiation-induced pneumonitis, and 
relieving EGFR-TKIs related acneiform eruptions 
and other side effects. This review of those medicines 
should contribute to an understanding of Chinese herbal 
medicines as adjuvant treatment for cancer and provide 
useful information for the development of more effective 
anti-cancer drugs. However, more rigorously designed 
trials on potential Chinese herbal medicine must be 
further examined involving cancer treatment especially 
molecular targeted-therapy in the future. 
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1. Introduction

Single nucleotide polymorphisms (SNPs), which are 
single base alterations at specific genome loci, are 
important, commonly bi-allelic, abundant (> 9 million), 
and the most frequent (1 in 1,000 bases) subtle genetic 
variation in the human genome (1). Depending on the 
location of a SNP within the genome, it can be associated 
with various phenomena at the level of gene expression. 
SNPs located in the 3'- or 5'-untranslated region (-UTR), 
or within introns, of genes can alter specific sequence 
motifs, including protein-binding sites, resulting in 
strong associations with various disorders, including 

testicular neoplasms, glioma, and lung adenocarcinoma 
(2-4). SNPs in non-coding regions can also be useful as 
markers for population genetics and evolutionary studies 
(5) and may be associated with inherited susceptibility 
to cancer (6). Moreover, SNPs in the coding regions of 
genes have strong associations with other phenomena, 
such as alcohol consumption behavior (7), aero-digestive 
tract cancers (8), drug responses in pharmacogenomics 
(9), and inherited monogenic disorders (10), and are 
routinely analyzed for diagnostic purposes.
 Single nucleotide polymorphism-restriction fragment 
length polymorphism (SNP-RFLP) is an enzymatic 
method of SNP genotyping in which a region containing 
a specific SNP allele is targeted and amplified by PCR 
and subsequently digested using an endonuclease 
enzyme. The results are interpreted based on length 
variation of the resulting digested PCR fragments, which 
are distinguished by gel electrophoresis. SNP-RFLP is 
a relatively simple, rapid, inexpensive, and convenient 
method for SNP genotyping, in contrast to more complex 
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important. Hence, the identification of SNPs makes an important contribution to cancer 
research. In this study, 13 SNPs in 12 genes were genotyped in HEK 293 and HeLa cells 
using the simple and inexpensive SNP-RFLP method. Sanger sequencing was performed 
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SNP typing methods, such as sequencing, DNA chips, 
TaqMan assays, and hybridization, among others.
 Cell lines are scientific tools that provide simplified 
models, allowing examination of the function of 
biological tissues under artificially regulated conditions, 
and without the ethical implications of experiments using 
whole organisms. Human embryonic kidney-derived 
epithelial cells (HEK 293) and the cervical cancer-
derived epithelial cells (Henrietta Lacks; HeLa) are 
arguably the mammalian cell lines most extensively used 
in biological research, due to their rapid turnover time 
and ability to express heterologous proteins, including 
factors that undergo post-translational modifications 
(11,12). In this study, we characterized a number of 
disease-relevant SNPs in HEK 293 and HeLa genomic 
DNA using the simple and inexpensive SNP-RFLP 
method. The resulting information could assist other 
investigators performing SNP studies by providing 
control data for genome-wide association studies 
(GWAS) or laboratory diagnostic methods. In addition, 
the results will be of interest to other researchers for 
application in the development of new gene therapy, 
protein, or peptide-based drugs targeting these genetic 
variations.

2. Materials and Methods

2.1. Cell culture

HEK 293 cells and HeLa cells (RIKEN Cell Bank, 
Japan) were cultured in Dulbecco's modified Eagle's 
medium (DMEM, Nacalai Tesque, Inc., Japan) 
supplemented with 10% fetal bovine serum (Gibco, Life 
Technology, Canada). Cells were plated at a density 
of 2 × 106 per well in sterile 35 × 10 mm cell culture 
dishes (Falcon, USA) and cultured in an incubator at 
37°C, 5% CO2, and 95% humidity for 48-96 h, after 
which DNA samples were extracted.

2.2. Genomic DNA extraction

Extraction of genomic DNA from both HEK 293 and 
HeLa cell lines was performed using TRIzol reagent 
(Invitrogen, cat. no. 15596-018, USA), according to the 
manufacturer's instructions with minor modifications. 
Briefly, when cells were at 100% confluence, culture 
medium was removed and cells were rinsed with 1 mL 
of ice-cold PBS per 35 × 10 mm culture dish. Next, 1 
mL of TRIzol reagent was added directly to the cells in 
the culture dish, followed by pipetting to lyse the cells, 
addition of 300 µL of chloroform, and centrifugation 
at 12,000 × g for 15 min at 4°C. The bottom layer 
after centrifugation contained protein, the interface 
included the DNA, and the supernatant contained RNA. 
Supernatants were removed, then 400 µL of 100% 
ethanol was added to the interface and organic phase, 
and tubes were mixed by inversion several times, 

followed by centrifugation at 2,000 × g for 5 min at 4°C 
and the supernatant was removed (containing protein). 
Pellets were then washed twice with 1 mL of 0.1 M 
sodium citrate in 10% ethanol solution by incubation at 
room temperature for 30 min and centrifugation at 2,000 
× g for 5 min at 4°C. After discarding the wash solution, 
DNA pellets were precipitated with 1.8 mL of 75% 
ethanol, followed by incubation at room temperature 
for 10-20 min with periodic mixing and centrifugation 
at 2,000 × g for 5 min at 2-8°C. Finally, the ethanol was 
removed, and DNA pellets were air dried for 5-10 min 
in an open tube and then dissolved in 100 µL of 8 mM 
NaOH for long term storage at -20°C for use in future 
experiments. DNA concentrations were measured by 
UV spectroscopy (SmartSpec™ 3000, USA).

2.3. Primer design

One of the most important factors in optimizing SNP-
RFLP assays is primer design, which is critical for 
successful genotyping. Primers should be designed so 
that PCR amplicons will be 250-500 bp in total, and 
each primer should be at different distances from the 
SNPs site, so that products of different length will be 
easily distinguishable after restriction digestion. In this 
study, we first input target 500-600 bp genomic DNA 
sequences, including the SNP alleles of interest, into 
the online NCBI primer BLAST software. Next, one 
pair of 18-35 bp nucleotide sequences were selected 
as primers to amplify a 250-500 bp genomic DNA 
target, with each primer a different distance from the 
SNP site; factors considered when designing primers 
included melting temperature (Tm), percentage GC 
content (GC%), and self-complementarity. PCR primer 
pairs were designed to amplify only the target genomic 
sequence with no cross-reaction with homologous non-
target regions.

2.4. SNP-RFLP

Thirteen pairs of SNPs significantly associated 
with carcinoma development, alcoholism, or other 
conditions, according to previous publications, and 
that include restriction sites for commercially available 
enzymes, were selected from the NCBI SNP database 
(Table 1).

2.4.1. PCR amplification

PCR reactions were performed in a total volume of 
20 μL using a thermo cycler (GeneAmp PCR System 
9700, Singapore). Reaction mixtures contained 8.3 μL 
of autoclaved MilliQ water, 4 μL of 5 × Gold Taq buffer 
(Promega, USA), 2 μL of 2 mM dNTPs, 2 μL of 25 
mM MgCl2, 2 μL of 91 ng/μL genomic DNA template, 
0.8 μL (10 pmol) of each primer, and 0.1 μL of Taq 
polymerase (Promega, USA). PCR conditions were as 
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follows: pre-denaturation at 95°C for 3 min; followed 
by 23-28 cycles of 95°C for 30 s, 58-63°C for 30 s, and 
72°C for 30 s; and a final extension at 72°C for 7 min. 
Polyacrylamide gel electrophoresis (PAGE) was used to 
analyze PCR amplicons.

2.4.2. RFLP

For rapid detection of SNP sites, PCR products were 
cleaved using specific restriction enzymes (NEB, 
Takara, and Thermo Scientific™). The restriction 
endonucleases for SNP-RFLP were chosen using 
two online tools, Watcut (13) and SnapGene Viewer 
software (14). RFLP reaction mixtures contained 6 μL 
of autoclaved MilliQ water, 10 μL of PCR product, 
1 μL of bovine serum albumin, 2 μL of 10 × reaction 
buffer, and 1 μL of endonuclease enzyme. Reactions 
were carried out at 37°C for 2 h.

2.4.3. PAGE

PCR amplicons and products of restriction enzyme 
cleavage were analyzed by PAGE; gels consisted of 
autoclaved MilliQ water (6 mL), 40% acrylamide/bis 
mixed solution (1.2 mL), 10 × tris borate EDTA stock 
solution (0.8 mL), 10% ammonium persulfate (120 
µL), and TEMED (8 µL). PCR amplicons and cleaved 
fragments were run alongside a 100 kb ladder marker 
at 200 V, 2.0 A, for 30 min. Gel staining was performed 
with SYBR Green dye (Lonza, Cat. 50513, USA) for 
25 min. Gel images were obtained using a LAS-3000 
Image Analyzer (Fujifilm, Japan).

2.4.4. Mechanism of SNP-RFLP

The SNP-RFLP method for genotyping used in this 
study is exemplified by SNP No. 10 (Accession No. 
rs1494961) where the target SNP (T/C), was designated 
position 0; comparatively, the forward primer was 
designed at -241 bp upstream and the reverse primer 
+100 bp downstream, to amplify a 341 bp genomic 
DNA region flanking the target SNP. Following PCR, 
amplicons were treated using the MunI restriction 
endonuclease. Where the sequence 5′-CAATTG-3′ 
was included among the amplicons, MunI cleaved it to 
produce fragments of 100 and 241 bp. No other MunI 
recognition sites were included in the 341 bp fragment, 
other than the target SNP within it. Product length 
variation was subsequently analyzed by PAGE.

2.5. Sanger sequencing

To validate the PCR-RFLP results, SNP No. 13 
(Accession No. rs6010620) was also analyzed by Sanger 
sequencing using a 3130XL Genetic Analyzer (Applied 
Biosystems, Japan). The thermocycling reactions for 
direct sequencing comprised 10 μL, containing 5 μL of 
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water, 1.5 μL of 5 × Big Dye buffer, 1 μL of 2.5 × Big 
Dye version 1.1, 3.1 (Applied Biosystems, USA), 0.5 
μL of 3.2 pmol/μL reverse primer, and 2 μL of purified 
PCR fragment from agarose gel. The thermocycling 
conditions were as follows: pre-denaturation at 96°C 
for 1 min; followed by 25 cycles of 96°C for 10 s, 50°C 
for 5 s, and 72°C for 4 min; and then a hold step at 
4°C for an indefinite period. Reaction products were 
ethanol precipitated and resuspended in HiDi formamide 
(Applied Biosystems, USA). Products were denatured 
at 95°C for 3 min followed by chilling on ice for 3 min. 
Then, samples were mounted on the Genetic Analyzer 
system to extract nucleotide sequence information by 
capillary electrophoresis. Finally, results were analyzed 
using Seq_Scanner software (Applied Biosystems, 
Japan).

3. Results

3.1. DNA extraction

Genomic DNA was isolated from HEK 293 and HeLa 
cell lines, and sample concentrations were 1,520 
and 704 ng/μL, with purity ratios (absorbance at 
260 nm divided by that at 280 nm) of 1.83 and 1.77, 
respectively.

3.2. Primer sequences

The primer sequences used in this genotyping study 

and their optimum PCR conditions are presented in 
Table 2. These data could be useful to other researchers 
to facilitate convenient genotyping of these SNPs by 
enzymatic methods.

3.3. SNP-RFLP

Images of PAGE separated PCR and products of 
restriction digestion are shown in Figure 1. The results 
of genotyping of the 13 SNPs in 12 genes in genomic 
DNA from both cell lines are presented in Table 3. 
In HEK 293 cells, 10 SNPs were homozygous, while 
three (rs10937405, rs12296850, and rs3814113) were 
heterozygous; among the homozygous SNPs, eight 
comprised alleles cut by the specific endonucleases, 
whereas two were the uncut allele. In HeLa cells, 
12 SNPs were homozygous and one (rs995030) was 
heterozygous; among the homozygous SNPs, five 
comprised alleles containing specific endonuclease 
sites and seven were the uncut alleles. Although both 
cell types had similar allele distributions, some distinct 
alleles were observed at a number of SNP positions; 
for example, HEK 293 cells had a CC genotype at 
rs2853677, GG at rs2736100 and rs4767364, and TT 
at rs3819197, whereas HeLa cells had TT genotypes at 
rs2853677 and rs2736100, AA at rs4767364, and CC at 
rs3819197. These variations may reflect the different 
origins of the cells; HEK 293 cells are an embryonic 
cell line originating from the Netherlands, while 
HeLa cells are mature cancerous cells derived from 

Table 2. Primer sequences and optimum PCR conditions

SNP no.

1

2

3

4

5

6

7

8

9

10

11

12

13

Accession no.

rs671

rs10937405

rs2853677

rs12296850

rs995030

rs3814113

rs2736100

rs4295627

rs498872

rs1494961

rs4767364

rs3819197

rs6010620

                Primers (5' to 3')

1 GATGTGTTTGGAGCCCAGTC
2 AGCAGACCCTAAATCCCTGG
1 ACTTATGCTACGGTTCAGGGA
2 CCATCCTCTGCATGTTAGGTTT
1 TCTGGCCTAATTTTCAACACTTTTA
2 GATCAACACACACTCGGCAG
1 TGCTGCCAGTCAGAATCATATC
2 TAGAGGTGCTCGTTACAGGTG
1 GCTGACATGTTGCCAAATCC
2 AACTTGCATGGAGCAGGACT
1 ACCGTGTTAGGATGGTCTCG
2 CCAGTTGGAGGTGAGTTCGT
1 TTGCTACCCTTGTCCTGAGC
2 ACGTTGCTGTCACTCACTGG
1 TGGCTATTTTGGAAGGAAAAGTG
2 TCCTCACTTGGCAATCTGGT
1 AGATTGGGAGATGGAGGCAG
2 AGGCTTTCTGCTCCTTCCTT
1 GGAATGGAAGGGGCTGAG
2 GACTGGAAATGCGAAGGC
1 AGCTGGTGCTGAATTGCAC
2 CGGTTTTCTAACTCAAAGACAAAAT
1 TGGCTTCAGCACAATAGGAA
2 CCCAAAACTTGTGGCTGATT
1 TCCTCGACCCACAGTGATCC
2 AGTGTGTGCTGCTCCTCTCA

1Forward primer; 2Reverse primer; aOptimal conditions, denaturation at 95°C for 30 s, extension at 72°C for 30 s, 91 ng/μL concentration genomic 
DNA template, 0.8 μL of 10 pmol/μL each primer; bPrimer annealing temperature; cCycles.

aPCR conditions

63°Cb, 23c

63°Cb, 23c

63°Cb, 23c

58°Cb, 28c

63°Cb, 23c

63°Cb, 23c

63°Cb, 23c

63°Cb, 23c

63°Cb, 23c

63°Cb, 23c

63°Cb, 23c

63°Cb, 23c

63°Cb, 23c
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an American woman. Identified SNP risk alleles are 
presented in Table 1 ("phenotype; possible risks").

3.4. Validation of SNP-RFLP by Sanger sequencing

Sanger sequencing of one marker (SNP No. 13; 
Accession No. rs6010620) was performed to validate 
the SNP-RFLP results. The sequencing results for both 
cell lines indicated that they carried the G rather than 
the A allele at this locus (Figure 2B-C), consistent with 
the results of SNP-RFLP analysis (rs6010620 in Table 
3; Figure 2A). These data indicate that the PCR-RFLP 

results were correct, supporting the conclusion that the 
generated SNP-RFLP results confirm the genotypes of 
13 SNPs in 12 different genes. These results have the 
potential to assist other researchers and inform clinical 
diagnostics to identify SNPs associated with cancer risk 
using a convenient enzymatic method.

4. Discussion

In this study, we profiled 13 SNPs associated with 
disease risk in 12 genes in the HEK 293 and HeLa cell 
lines using the cost-effective SNP-RFLP method. Across 

Figure 1. PAGE images for SNP genotyping of (A) HEK 293 cells and (B) HeLa cells by SNP-RFLP. Samples were run in pairs 
with PCR products to the left of restriction digest reactions; for example, 'SNP No. 1 (299)', PCR products for SNP No. 1; and 'SNP 
No. 1 (299:110 + 189)', restriction digestion reaction (RFLP) for the same SNP.

Table 3. Results of SNP-RFLP analysis for SNP genotyping in both cell lines

SNP 
no.

1
2
3
4
5
6
7
8
9
10
11
12
13

Accession no.

rs671
rs10937405
rs2853677
rs12296850
rs995030
rs3814113
rs2736100
rs4295627
rs498872
rs1494961
rs4767364
rs3819197
rs6010620

          Gene

ALDH2
TP63
TERT
SLC17A8-NR1H4
KITLG
BNC2
TERT
CCDC26
PHLDB1
HELQ
NAA25
ADH1A
RTEL1-TNFRSF6B

'+', cut; '-', uncut; 'W', A or T; 'R', A or G; 'Y', C or T. 

Endonuclease

AcuI
BssSαI
MvaI
BceAI
SphI
MboII
BfmI
NcoI
PfoI
MunI
Hpy166II
BccI
BspMI

Recognition site 

CTGAAGN16^
C^ACGAG
CC^WGG
ACGGCN12^
GCATG^C
GAAGAN8^
C^TRYAG
C^CATGG
T^CCNGGA
C^AATTG
GTN^NAC
CCATCN4^
ACCTGCN4^

Product (restriction 
fragment) length (bp)

299 (110 + 189)
332 (143 + 189)
252 (148 + 104)
425 (106 + 319)
342 (242 + 100)
421 (258 + 163)
457 (161 + 296)
341 (223 + 118)
325 (208 + 117)
341 (241 + 100)
279 (107 + 172)
331 (138 + 193)
284 (242 + 42)

Cut/uncut

+
+/-
+

+/-
+

+/-
+
+
-
+
+
+
-

Genotype

GG
C/T
CC 
G/A 
GG 
T/C 
GG
TT 
CC 
TT 
GG 
TT 
GG 

Genotype

GG 
CC
TT 
AA 
G/A 
TT
TT 
TT 
CC 
TT 
AA 
CC 
GG 

HEK 293 genotype HeLa genotype

Cut/uncut

+
+
-
-

+/-
+
-
+
-
+
-
-
-
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the two cell lines, 22 alleles contributed to homozygous 
genotypes, and four were in the heterozygous state 
(Figure 3). Eight risk alleles associated with disease, 
comprising 32% of typed alleles, were identified at 
the following SNPs: rs2853677, rs995030, rs2736100, 
and rs6010620 in HEK 293 cells and rs10937405, 
rs3814113, rs4767364, and rs6010620 in HeLa cells. We 
identified heterozygosity at three SNPs, rs10937405, C/
T; rs12296850, G/A; and rs3814113, T/C, in HEK 293 
cells; and one in HeLa cells (rs995030, G/A).
 Takeuchi et al., 2011, genotyped the SNP, rs671, 
in the Japanese population and found a strong 
association with alcoholism and subsequently also with 
cardiovascular diseases, particularly for individuals 
with the AA genotype at this locus (7). Here, we found 
that both cell lines were GG homozygotes (wild-type) 
for rs671. Shiraishi et al., 2012, and Li Xiaoting et al., 
2016, reported that lung adenocarcinoma is associated 
with rs10937405 in the TP63 gene, and rs2853677 
and rs2736100 in TERT, in Japanese and Chinese 
populations (4,6). One study identified rs12296850, in 
the SLC17A8-NR1H4 gene, as significantly associated 
with the risk of lung squamous cell carcinoma at 
the genome-wide significance level (15). Rapley 
et al., 2009, studied men with infertility and found 
an association with the genetic variant, rs995030, 
in KITLG, with testicular germ cell tumors in a UK 
population (2). Song et al., 2009, and Shete at al., 2009, 
genotyped rs3814113 for ovarian cancer, rs4295627, 
rs498872, and rs6010620 for glioma in populations 
from the UK, the USA, and France (3,16). MacKay et 

al., 2011, studied upper aero-digestive tract cancer and 
identified associations with rs1494961 and rs4767364, 
while Han et al., 2007, reported an association of 
rs3819197 with alcoholism (8,17). These GWAS 
indicate that SNPs can be associated with susceptibility 
to certain diseases, even when the variant is in a non-
coding, intronic, or 3'/5'-UTR region.
 All of the SNPs mentioned above were characterized 
using BeadChip, TaqMan, or pyrosequencing methods. 
By contrast, we used the simple and cost-effective 
SNP-RFLP method to conduct SNP genotyping. SNP-
RFLP is an accurate method for SNP genotyping, useful 
for small basic research studies of complex genetic 
variation, such as HLA allele typing or ABO blood 
group determinants (18). One disadvantage of this 
method is that target SNP nucleotide sequences may 
not always span commercially available endonuclease 
enzyme recognition sites. Another limitation is 
that sequences may contain too many palindromic 
recognition sites to allow a single endonuclease 
cleavage.
 The findings presented here could be useful for 
the development of new gene therapy techniques, 
which could be tested directly in HEK 293 or HeLa 
cell lines as model mammalian expression systems. 
For example, Liu et al., 2017, developed A to I editing 
(the conversion of A.T to G.C base pairs in DNA) at 
the genomic level by combining the dCas9 and TadA 
enzyme systems (19). We may apply this system in 
future to replace the pathogenic A allele with a G 
nucleotide (I) at the rs4767364 SNP, using HeLa cells 
as a test system. Furthermore, these data could be 
useful for the preparation of allele-specific probes for 
the development of probes-on-carrier DNA chips (20) 
for SNP genotyping.
 In summary, in the present study 13 SNPs in 12 
genes were genotyped in HEK 293 and HeLa cells 
using the SNP-RFLP technique. We detected eight risk 
alleles and four distinguish loci in both cell lines. HEK 
293 cells were heterozygous at three loci, while there 
was a single heterozygous locus in HeLa cells. Further 
profiling of other carcinoma-related SNPs in HEK 293 
and HeLa cells will be necessary to facilitate the study 
of the relationship between SNPs and cancer, to enable 
the development of gene therapy for treatment of those 
disorders. These findings will also assist mechanistic 

Figure 3. Allele distribution chart for the 13 SNPs typed in 
this study.

Figure 2. Sequencing validation results for SNP-RFLP of 
SNP No. 13 (Accession No. rs6010620). A: Image of PAGE 
of SNP No. 13 genotyping; 1: HEK 293 cells PCR product, 
2: HEK 293 cells RFLP, uncut, G allele; 3: HeLa cells PCR 
product; 4: HeLa cells RFLP, uncut, G allele; M: marker. B: 
Sequencing electropherogram results for SNP rs6010620 in 
HEK 293 cells; G allele is indicated by an arrow. C: Sequencing 
electropherogram results for SNP rs6010620 in HeLa cells; G 
allele (reverse primer 5'-AGTGTGTGCTGCTCCTCTCA-3' 
was used) was also present.
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studies of the functions of these SNPs in HEK 293 or 
HeLa cell models in the near future.
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1. Introduction

The humanized immune system mouse model is a 
promising tool in personalized medicine because the 
system can be used to anticipate the efficiency of 
each treatment before the actual drug administration 

(1). There are three main systems to reconstruct 
human immunity in the immunodeficient mice (2-
7). The human immune cells used for transplantation 
are categorized as hematopoietic stem cells (8-10), 
peripheral blood mononuclear cells (11-13), and 
immune-related tissues, i.e., bone marrow, thymus and/
or fetal liver (14,15). Severely immunodeficient mice 
transplanted with human peripheral blood mononuclear 
cells (PBMCs) are affected by graft-versus-host disease 
(GVHD) within a short period (12). Previously, we 
developed NOD/Shi-scid-IL2rγnull (NOG)-hIL-4-
transgenic (Tg) mice, which systemically express 
human interleukin-4 (hIL-4) in the NOG mouse (16). 
This mouse strain suppressed GVHD after PBMC 
transplantation. In these mice, human lymphocytes 

Summary The humanized mouse system is a promising tool for analyzing human immune responses 
in vivo. Recently, we developed a new humanized mouse system using the severely 
immunodeficient NOD/Shi-scid-IL2rγnull (NOG)-hIL-4-Tg mouse, which enabled us to 
evaluate the human humoral immune response after peripheral blood mononuclear cell 
(PBMC) transplantation. However, the mechanism by which hIL-4 enhances antigen-specific 
IgG production in these mice is not clear. In this study, we analyzed the relationship between 
human lymphocyte subsets and the expression level of the glucocorticoid receptor (GR) to 
clarify the humoral immune condition in human PBMC-transplanted NOG-hIL-4 mice. The 
results showed that the human GR mRNA level was significantly lower in NOG-hIL-4-Tg 
splenocytes than in conventional NOG splenocytes after immunization. Whereas no obvious 
difference of the proportion of T helper-cell subsets was observed between the NOG and 
NOG-hIL-4-Tg mouse strains, the B-cell proportion and antigen-specific IgG concentration 
in plasma showed strong negative correlations with the GR mRNA level. These results suggest 
that the GR expression level was changed in PBMCs in the humanized NOG-hIL-4-Tg mice, 
which may support B-cell survival and function in the mouse system.
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were engrafted for a longer period without GVHD 
symptoms. Moreover, use of this mouse system enabled 
the induction of antigen-specific IgG production after 
immunization. The detailed mechanism of enhancing 
antibody production in hIL-4 Tg mice has not been 
clarified, but IL-4 was reported to support expansion of 
plasmablasts (17) and modify the proportion of T helper 
(Th)-cell subsets, especially Th2 and T follicular helper 
(Tfh) cells (18). While Th2 cells have been believed 
to function mainly in specific antibody production, 
Tfh, a subset existing in the germinal centers, has 
recently been shown to be necessary for the production 
of high-affinity IgG antibodies (19-21). Furthermore, 
the increase in regulatory T (Treg), which suppresses 
the immune reaction, may be observed to suppress the 
onset of GVHD (22,23).
 The glucocorticoid receptor (GR), a steroid 
hormone receptor (24-26), is expressed in lymphocytes 
and is well known as a powerful immune regulator 
that can control GVHD symptoms (27-29). Therefore, 
glucocorticoid (GC) might play an important role in the 
suppression of GVHD symptoms in NOG and NOG-
hIL-4-Tg mice transplanted with human PBMCs. 
On the other hand, GC is reported to suppress B-cell 
survival (30) or class switching by the suppression 
of activation-induced cytidine deaminase (AID) 
expression (31). This finding suggests that the highly 
expressed GC may inhibit specific IgG production 
in the NOG-based humanized mouse. Moreover, the 
effect of GC is still controversial on Treg- or Tfh-cell 
development (29,32).
 In this study, we examined the correlation between 
GR expression level and lymphocyte cellularity to 
contribute to the clarification of the mechanism of 
enhancement of antibody production and suppression of 
GVHD in the NOG-hIL-4-Tg mouse system.

2. Materials and Methods

2.1. Ethical approval

Human PBMCs from healthy volunteer donors were 
obtained after receiving written informed consent 
based on Institutional Review Board-approved 
protocols according to institutional guidelines. This 
work was approved by the Tokai University Human 
Research Committee (12R-002) and Central Institute 
for Experimental Animals (CIEA) Human Research 
Committee (08-01). These studies were conducted 
in accordance with the Declaration of Helsinki 
protocols and all Japanese federal regulations required 
for the protection of human subjects. The use of 
immunodeficient mice for xenotransplantation studies 
was approved in compliance with the Guidelines for 
the Care and Use of Laboratory Animals, and all animal 
studies were approved by the committees of CIEA and 
the Tokai University School of Medicine.

2.2. Mouse strains

NOD/Shi-scid-IL2rγnull (NOG; formal name, NOD.
Cg-Prkdcscidil2rγtm1Sug/ShiJic) mice (3) were purchased 
from InVivo Science, Inc. (IVS, Kawasaki, Japan). 
NOG-hIL-4 Tg (formally, NOD.Cg-Prkdcscidil2rγtm1Sug/
ShiJic Tg(CMV-IL4)3-2/Jic) mice (16) were previously 
generated by CIEA and maintained at Tokai University 
School of Medicine under specific-pathogen-free (SPF) 
conditions. The offspring with the inserted transgene 
were selected as reported previously (16).

2.3. ELISA/EIA

Peripheral blood (PB) samples were collected from 
the orbital venous plexus of 4- to 6-week-old mice 
using heparin (Novo-heparin; Mochida Pharmaceutical 
Co., Tokyo, Japan)-coated capillaries (Drummond 
Scientific, Broomall, PA, USA) under anesthesia. The 
level of human IL-4 protein was measured using a 
Human IL-4 ELISA Set BD OptEIATM (BD OptEIATM, 
BD Biosciences, San Diego, CA, USA) according 
to the manufacturer's instructions. Corticosterone 
was measured using a YK240 Corticosterone EIA kit 
(Yanaihara Institute Inc, Shizuoka, Japan) according 
to the manufacturer's instructions. The protocol for 
specific IgG antibody detection has been previously 
described (33). Briefly, microwells in microtiter plates 
(Sumiron, Tokyo, Japan) were coated with CH401MAP 
peptide (1 μg/mL) diluted in carbonate buffer (pH 
9.5), and the antigens were adsorbed to the microwells 
overnight at 4°C. The wells were washed with 
phosphate-buffered saline (PBS)-Tween (0.05%, v/v) 
and blocked with 3% bovine serum albumin (BSA)-PBS 
at room temperature (RT) for 2 h. After three washes 
with PBS-Tween, 10-fold serial dilutions of mouse 
plasma were added to the wells and incubated for 2 
h at RT. The plates were washed three times before 
addition of biotin-conjugated mouse anti-human IgG 
monoclonal antibody (mAb) (BD Pharmingen, San 
Diego, CA, USA) (1:3,000, v/v). After a 2 h incubation 
at 37°C, the plates were washed 3 times, followed by 
the addition of streptavidin-horseradish peroxidase 
(1:50,000, v/v; BD Pharmingen). The plates were 
incubated for 1 h at RT, and unbound conjugates were 
removed by washing. EIA substrate kit solution (Bio-
Rad Laboratories, Hercules, CA, USA) was then added 
to each well. The reaction was stopped with 10% HCl, 
and the absorbance was measured at 450 nm.

2.4. Preparation and transplantation of human PBMCs 
into NOG mice and NOG-IL-4-Tg mice

The healthy donors (HD) enrolled in the experiments 
and all of mice transplanted with HD PBMC are listed in 
Table 1. A total of 7.5 mL of PB from healthy donors was 
drawn into Vacutainer ACD tubes (NIPRO Corporation, 
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Osaka, Japan) containing heparin. The collected PB 
was immediately placed in 10 mL of Ficoll-Hypaque 
(Sigma-Aldrich, London, UK), and mononuclear cells 
were isolated by density centrifugation (500 × g, 30 min, 
20°C). The cells were washed with PBS for 5 min at 300 
× g, 4°C. Numbers of PBMCs ranging from 2.5 to 5 × 
106 were intravenously transplanted into 8- to 12-week-
old NOG or NOG-hIL-4-Tg mice. Two mice from each 
strain were transplanted with the same donor PBMCs, 
to use one for peptide immunization and the other for 
negative control (PBS and Freund's adjuvant).

2.5. Peptide immunization

A CH401 peptide, which includes the epitope sequence 
of the anti-human epidermal growth factor receptor 2 
(HER2) mAb, was determined using multiple antigen 
peptides (MAP) with a partial amino acid sequence of 
HER2/neu previously (34). The peptide was synthesized 
using a Rink amide resin (0.4-0.7 mmol/g), an ACT357 
peptide synthesizer (Advanced Chemtech, Louisville, 
KY, USA) and a multiple antigen peptide named 
CH401MAP, a 20-mer peptide of the HER2 molecule 
that was synthesized as an antigen peptide. The HER2 
peptide was emulsified with complete Freund's adjuvant 
(CFA) (Wako Pure Chemical Industries, Ltd, Osaka, 
Japan) (50 μg/head, 100 μL, 1:1, v/v) and administered 
intraperitoneally to the PBMC-transplanted NOG-hIL-
4-Tg mice in which the hIL-4 level was greater than 
100 pg/mL in the plasma. For the negative control, an 
equal volume of PBS was emulsified and injected into 
PBMC-transplanted NOG-hIL-4-Tg mice. Boosters 
were performed using incomplete Freund's adjuvant 
(IFA) (Wako Pure Chemical Industries, Ltd) at 2 weeks 
after the first immunization. Two weeks after the 
booster, the mice were sacrificed for analyses.

2.6. Analysis of engrafted human cells in human 
PBMC-transplanted mice

At 4 weeks after transplantation, the mice were 
euthanized for analysis. PB was collected in the presence 
of heparin via retro-orbital bleeding under inhalation 
anesthesia at 4 weeks after transplantation. The mice 
were sacrificed and analyzed for human T- and B-cell 
development and antibody production. Engraftment and 
differentiation of human cells in the spleen cells were 
analyzed by flow cytometry (FCM) staining with anti-
human antibodies as described below. Fluorochrome-
conjugated anti-human mAbs were used to identify 
human immune cells. The cells were incubated with 
appropriate dilutions of fluorescently labeled mAbs 
for 15 min at 4°C and were then washed with PBS 
containing 1% (w/v) BSA. The cells were analyzed 
using FACS Fortessa, Verse, or Canto (BD Bioscience, 
Franklin Lakes, NJ, USA). For each analysis, the 
live gate with white blood cells or lymphocytes was 

further gated based on hCD45 expression. The mouse 
anti-human mAbs used in this study are listed in 
Table S1 (http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=24).

2.7. Real time RT PCR

A total of 5 × 105 cells from NOG or NOG-IL-4-
Tg mouse spleens were collected, stored in TRIzol 
(Invitrogen, Carlsbad, CA, USA) at –80°C and extracted 
according to the manufacturer's instructions. The total 
RNA concentration was determined by measuring 
absorbance at 260 nm. The purity was estimated by 
the relative ratio of the absorbance at 260/280 nm. 
Integrity was assayed by agarose gel electrophoresis. 
The purity and integrity were greater than 95%. cDNA 
was synthesized from the total RNA (2 μg) using a 
High Capacity cDNA Reverse Transcription Kit (Life 
Technologies, CA, USA). TaqMan probes for human 
common GR and β-actin (Thermo Fisher Scientific Co., 
Ltd., MA, USA), were used and RT-PCR was conducted 
by Applied Biosystems Step One Plus Real-Time PCR 
Systems in all analyses. A commercially available 
Taqman Fast Universal PCR Master mix (Thermo Fisher 
Scientific) was used for PCR amplification and detection 
of GR (Hs00353740_m1). All samples were assessed in 
triplicate. Quantification of the expression of the target 
gene in relation to the respective housekeeping gene was 
carried out employing the comparative (ΔΔ) Ct method.

2.8. Statistics

Statistical analysis was performed with Microsoft Excel 
(Microsoft, Redmond, WA, USA). The data are shown 
as the mean ± SD. Significant differences between 
groups were determined by two-sided Student's t-test 
analysis.

3. Results

3.1. Correlation between human IL-4 and Th and B cell 
proportions in humanized NOG-hIL-4-Tg mice

First, we purified donor PBMCs and transplanted them 
into 2 to 3 NOG and NOG-hIL-4-Tg mice. After the 
transplantation, CH401MAP, a breast cancer vaccine 
candidate that is a part of the HER2 molecule (34,35), 
emulsified with FCA was injected into the mice, and 
a booster was administered after 2 weeks. A mouse 
transplanted with PBMCs from the same donor as 
those transplanted into the CH401MAP-vaccinated 
mouse was injected with PBS/FCA and used as a 
control mouse. After 4 weeks, mice were sacrificed, 
and spleen cells were obtained as shown in Figure 1A 
and Table 1. The mean spleen cell number was 1.23 
± 0.69 (× 108) in PBS-NOG-hIL-4-Tg mice, 1.10 ± 
0.60 (× 108) in CH401-NOG-hIL-4-Tg mice, 1.16 ± 
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0.55 (× 108) in PBS-NOG mice and 6.45 ± 0.28 (× 
107) in CH401-NOG mice as shown in Table 1. Thus, 
the spleen cell number in the CH401MAP-immunized 
NOG mouse was significantly lower than that in the 
other three groups. In the NOG-hIL-4-Tg mice, the 
IL-4 concentration in the plasma showed a negative 
correlation with total spleen cell number (Figure 2B, 
upper left panel).
 These results suggest that IL-4 expression affects 
the cell number in the transplanted mouse spleen and 
that this effect may be maintaining the splenic cell 
number after immunization.

3.2. Flow cytometry analysis of human lymphocytes 
transplanted into NOG and NOG-hIL-4-Tg mice

To compare the lymphocyte subsets of the mice, we 
conducted multicolor-flow cytometry using the antibodies 
shown in Table S1 (http://www.biosciencetrends.com/
action/getSupplementalData.php?ID=24). At first, we 
analyzed human CD4+ and CD8+ T cells, B cells and 
expression of CD25, an activation/regulatory marker in 
the spleen of NOG and NOG-hIL-4-Tg mice. As shown 
in Figure 1B and Figure 2A (upper two panels), no 

significant difference was observed in the proportions 
of CD4+ T cells and CD8+ T cells between NOG and 
NOG-hIL-4 Tg mice with or without immunization, 
whereas CD19+ B cell levels were significantly higher 
in NOG-hIL-4-Tg mice than in conventional NOG mice 
(Figure 2A, lower panel). This result was consistent with 
our previous report (16). On the other hand, immunized 
NOG-hIL-4-Tg mice possessed the highest proportion of 
B cells (17.8%).
 Next, we compared the mean fluorescent intensity 
(MFI) of the programmed death-1 (PD-1) molecule on 
CD4+ T cells between immunized and nonimmunized 
mouse spleen cells because PD-1 is an activation/
exhaustion marker of lymphocytes (Figures 1B 
and S1, http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=24). As a result, in the 
NOG-hIL-4-Tg mouse, the PD-1 MFI was higher in 
CD4+ T cells than in adjuvant-alone CD4+ T cells 
(p < 0.05), while in the conventional NOG mouse, 
no significant difference was observed between the 

Figure 2. Relationship between the human IL-4 level and 
lymphocyte subsets in PBMC-transferred humanized 
mice. (A) The percentage of human CD4+ and CD8+ T cells 
and B cells in CD45+ cells in spleen cells from NOG-hIL-4-
Tg and NOG mice at 4 weeks after PBMC transplantation. 
PBS; the mice treated with adjuvant alone. CH401MAP; 
the mice treated with CH401MAP emulsified with Freund’s 
adjuvant. PBS-NOG (n = 4), CH401MAP-NOG (n = 4), PBS-
NOG-hIL-4-Tg (n = 6), CH401MAP-NOG-hIL-4-Tg (n = 6). 
(B) Comparison of the correlation between the plasma hIL-4 
level and total cell number and proportions of CD3+ T cells, 
CD19+ B cells, CD4+ T cells, and CD8+ T cells in CD45+ 
cells in NOG-hIL-4-Tg mice. PBS-NOG-hIL-4-Tg (n = 6), 
CH401MAP-NOG-hIL-4-Tg (n = 6). Correlation equations 
and R2 are shown in each panel.

Figure 1. Characterization of human lymphocyte subsets 
in PBMC-transplanted humanized mice. (A) Protocol for 
analysis of the human PBMC-transplanted humanized mouse. 
(B) FCM analysis of CD25 and PD-1 expression in human 
CD4+ and CD8+ T cells and B cells in spleens of NOG-hIL-
4-Tg and NOG mice at 4 weeks after PBMC transplantation. 
(C) FCM analysis of human Th subsets in spleens of 
NOG-hIL-4-Tg and NOG mice at 4 weeks after PBMC 
transplantation. Representative data from 12 NOG-hIL-4-Tg 
and 8 NOG are shown.
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adjuvant-alone and peptide-immunized CD4+ T cells 
(Figure S1, upper panel, http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=24). For 
CD8+ T cells, while PD-1 expression was lower than 
that in CD4+ T cells overall, PD-1 MFI tended to 
increase after peptide immunization, but the expression 
was lower in the NOG-hIL-4-Tg mouse than in the 
conventional NOG mouse (p < 0.01) (Figure S1, 
lower panel, http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=24). These results 
suggest that the NOG-hIL-4-Tg mouse possessed a 
higher number of B cells, but the CD4+ T cells and 
CD8+ T cells are not significantly different compared 
with those of the conventional NOG mouse. The 
activation/exhaustion of T cells was indicated after 
antigen-immunization in the NOG-hIL-4-Tg mouse.
 The total spleen cell number was compared with 
the IL-4 level in the plasma of the NOG-hIL-4-Tg 
mice. As a result, IL-4 expression was shown to have a 
negative correlation with the number of splenic cells in 
the NOG-hIL-4-Tg mice, irrespective of the treatment 
(Table 1 and Figure 2B, upper left panel). When the 
proportions of T cells and B cells were compared with 
IL-4 expression, the total T-cell proportion showed a 
weak and negative correlation (R2 = 0.15348) to the 
plasma IL-4 level (Figure 2B, upper middle panel), 
while the B-cell proportion showed a weak and 
positive correlation (R2 = 0.15707) with the plasma 
IL-4 level (Figure 2B, upper right panel). In the T-cell 
subsets, CD4+ T cells showed a positive correlation 
(R2 = 0.14305), but CD8+ T cells showed a negative 
correlation (R2 = 0.15999) (Figure 2B, lower panels). 
These results suggest that the proportion of CD4+ T 
cells but not CD8+ T cells may be increased along with 
GR expression and influence B-cell survival and/or 
function.

3.3. Flow cytometry of human Th cells transplanted 
into NOG and NOG-hIL-4-Tg mice

Since the Th-cell proportion increase was dependent 
on IL-4 expression, we analyzed the Th-cell subset 
proportion and examined the correlation to IL-4 
concentration in plasma. To compare the Th-cell subsets 
of the mice, we defined the subsets using the antibodies 
shown in Table S1 (http://www.biosciencetrends.com/
action/getSupplementalData.php?ID=24. As shown in 
Figure 1C, we analyzed the Th-cell subsets (Th1, Th2, 
Th17, Tfh and Treg) developed in the mice (36).
 After the transplantation of human PBMCs into the 
NOG and NOG-hIL-4-Tg mouse models, the proportion 
of human Th-cell subsets was examined with/without 
peptide stimulation. Th1 cells were dominant in both 
NOG and NOG-hIL-4-Tg mice transplanted with 
human PBMCs as shown in Table 1, Figure 1C and 
Figure 3A. Th2 cells did not increase in NOG-hIL-4-Tg 
mice compared with NOG mice, irrespective of peptide 

immunization. In addition, Th17, Treg, and Tfh cells 
did not increase in either NOG or NOG-hIL-4-Tg mice. 
These results indicated that the proportion of Th-cell 
subsets are not affected by the plasma IL-4 level in the 
NOG-hIL-4-Tg mice.
 Next, we examined the correlation between plasma 
IL-4 concentration and Th-cell subset. All the Th-
cell subsets showed a negative correlation with IL-4 
concentration (Figure 3B). For example, Th1, Th2 
and Th17 proportions showed moderate correlations 
with IL-4 plasma concentration (Slope = –5.268, R2 = 
0.36695 for Th1; Slope = –113.3, R2 = 0.1422 for Th2; 
Slope = –662.85, R2 = 0.12907 for Th17). Other Th-cell 
subsets had no correlation, while the B-cell proportion 
showed a moderate positive correlation with IL-4 (R2 = 
0.15707) (Figure 2B, upper right panel).
 These results suggest that human IL-4 expressed 
in the NOG-hIL-4-Tg mouse was not sufficient for 
induction of Th2 cells or enhancement of Tfh cells but 
was sufficient to decrease Th1 cells. Therefore, the 
increase in B-cell number did not appear to be directly 
correlated with enhanced Th2 or Tfh cells.

Figure 3. Relationship between human IL-4 level and Th 
subsets in PBMC-transferred humanized mice. (A) The 
percentage of Th-cell subsets in the spleen cells of NOG-hIL-
4-Tg and NOG mice at 4 weeks after PBMC transplantation. 
The same mice described in Figure 2 were used. PBS-NOG (n 
= 4), CH401MAP-NOG (n = 4), PBS-NOG-hIL-4-Tg (n = 6), 
CH401MAP-NOG-hIL-4-Tg (n = 6). (B) Comparison of the 
correlation between plasma hIL-4 level and the proportions of 
Th1, Th2, Tfh, Th17, and Treg cells in CD45+ cells in NOG-
hIL-4-Tg mice. PBS-NOG-hIL-4-Tg (n = 6), CH401MAP-
NOG-hIL-4-Tg (n = 6). Correlation equations and R2 are 
shown in each panel.
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3.4. Glucocorticoid receptor expression negatively 
correlates with B cells

As GC signal is important for T-cell regulation (29,32), 
we hypothesized that IL-4 affected the decrease in GC 
signal. Therefore, we measured the concentration of GC 
and the expression of the GR in human lymphocytes, 
which affects GC signaling in T cells and B cells.
 Spleen cells were collected from PBMC-transplanted 
and immunized mice, mRNA was purified and the 
GR mRNA was measured by real-time PCR. The 
results showed that GR expression tended to be low in 
immunized NOG-hIL-4-Tg mice compared with that in 
conventional NOG mice in the nonimmunized group, but 
a significant difference was not observed (Figure 4A). 
However, a significant difference was observed between 
immunized NOG and NOG-hIL-4 Tg mice, as shown 
in Figure 4A. In the immunized group, NOG-hIL-4-
Tg mouse GR expression was significantly lower than 
that in conventional NOG mouse. However, the plasma 
corticosterone (representative of mouse GC, selected 
as the GC in the humanized mouse mainly produced by 
mouse tissues) level neither was significantly different 
nor showed a correlation with GR expression (Table 1 
and Figure 4B).
 These results demonstrated that humanized NOG 
mouse lymphocytes produce GR, which is suppressed 
by human IL-4. However, IL-4 expression and GR 
expression showed no correlation in NOG-hIL-4-Tg 
mice (Figure 4C).

3.5. Correlation of GR with Th and B cells

As GR expression was significantly different between 
the NOG and NOG-hIL-4-Tg mice and no correlation 
was observed between the difference and the level 
of corticosterone produced by the mice, we tried to 

analyze whether the difference was correlated with the 
lymphocyte subset differentiation/survival.
 As spleen B-cell number was increased with IL-4 
expression (Figure 2B, upper right panel), we analyzed 
the specific IgG production in the mouse. PB was 
collected from these mice, and the plasma was subjected 
to anti-CH401MAP IgG ELISA. The result indicated 
that GR expression showed a strong inverse correlation 
with the proportion of B cells (R2 = 0.75192) (Figure 
5A) and anti-CH401MAP IgG level (R2 = 0.32376) 
(Figure 5B). The slope on a graph was not significantly 

Figure 4. GR expression in PBMC-transferred humanized 
mice. (A) Relative GR expression in the spleen cells of the 
mice was shown. White bars represent NOG mice, and black 
bars represent NOG-hIL-4-Tg mice. Student's t-test was 
performed, and the significant difference (p < 0.05) is shown. 
PBS-NOG (n = 4), CH401MAP-NOG (n = 4), PBS-NOG-
hIL-4-Tg (n = 6), CH401MAP-NOG-hIL-4-Tg (n = 6). (B) 
Comparison of the correlation between GC in the plasma and 
GR expression in the spleen cells of CH401MAP‒NOG and 
CH401MAP-NOG-hIL-4-Tg mice were further analyzed. 
CH401MAP-NOG (n = 4), CH401MAP-NOG-hIL-4-Tg (n = 
6). (C) The correlation between human IL-4 concentration in 
plasma and GR expression in the spleen cells of PBS-NOG-
hIL-4-Tg and CH401MAP-NOG-hIL-4-Tg were analyzed. 
PBS-NOG-hIL-4-Tg (n = 6), CH401MAP-NOG-hIL-4-Tg (n = 
6). Correlation equations and R2 are shown in each panel.

Figure 5. Relationship between GR expression and antibody 
production in PBMC-transferred humanized mice. (A) 
Comparison of the correlation between CD19+ B cells (% in 
CD45+ cells) and relative GR expression in the spleen cells of 
CH401MAP-NOG (n = 4) and CH401MAP-NOG-hIL-4-Tg 
mice (n = 6). (B) The correlation between anti-CH401MAP IgG 
antibody in plasma and GR expression in the spleen cells of 
CH401MAP-NOG (n = 3) and CH401MAP-NOG-hIL-4-Tg (n 
= 5) mice. (C) Comparison of the correlation between CD19+ 
B cells (% in CD45+ cells) and anti-CH401MAP IgG antibody 
in the plasma of CH401MAP-NOG (n = 3) and CH401MAP-
NOG-hIL-4-Tg (n = 5) mice. Correlation equations and R2 are 
shown in each panel.

Figure 6. Relationship between GR expression and Th 
subsets in PBMC-transferred humanized mice. (A) 
Comparison of the correlation between CD3+ T cells (% in 
CD45+ cells) and relative GR expression in the spleen cells 
of CH401MAP-NOG (n = 4) and CH401MAP-NOG-hIL-
4-Tg (n = 6) mice. (B) The correlation between each Th cell 
subset (Th1, Th2, Tfh, Th17, and Treg) and GR expression. 
(C) The correlation between Th2 cells and anti-CH401MAP 
IgG antibody. Correlation equations and R2 are shown in each 
panel.
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different between the NOG and NOG-hIL-4-Tg 
mouse models (Slope of NOG; –72.441, NOG-IL-4-
Tg; –77.183) (Figure S2, http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=24). As the 
specific IgG and the B cell proportion also showed 
a strong correlation (R2 = 0.32776) (Figure 5C), it is 
suggested that GR expression suppresses B-cell survival 
or differentiation into antibody-secreting effector cells.
 Next, we examined the correlation between GR and 
Th-cell subsets. The total number of T cells showed a 
high positive correlation (R2 = 0.75013) with GR (Figure 
6A). Surprisingly, among the five Th-cell subsets (Th1, 
Th2, Th17, Treg and Tfh), a significant high positive 
correlation was observed only between Th2 and GR (R2 
= 0.38653) (Figure 6B, upper middle panel). As shown 
in upper right panel of Figure 6B, GR and Tfh, a subset 
known to be important for germinal center reaction and 
highly specific IgG production, showed no correlation 
(R2 = 0.07568), suggesting that the development/
maintenance of Tfh is not involved in the GR effect.
 These results suggest that the suppression of GR 
expression increased the B cell ratio, not the Tfh ratio, 
in the spleen of NOG-hIL-4-Tg mice, and eventually the 
specific IgG concentration is increased in the plasma.

4. Discussion

The NOG-hIL-4-Tg mouse model ,  which was 
developed by our group recently, enabled us to 
suppress GVHD after human PBMC transplantation 
and to produce specific anti-IgG production after 
immunization (16). This mouse system is promising for 
the evaluation of human vaccines. However, it has not 
been clarified how human IL-4 enables specific IgG 
production or suppresses GVHD in the mouse system. 
We hypothesized that GR expression may affect the 
humoral immunity of the humanized mouse, as GVHD 
is controlled by the glucocorticoid signal. Our results 
showed that GR expression was significantly lower in 
NOG-hIL-4-Tg spleen cells after CD401 immunization, 
and a strong negative correlation with the proportion 
of B cells and strong positive correlation with that of 
T cells were observed. Moreover, after the detailed 
analysis, a high negative correlation between specific 
IgG production and GR level was obtained, while a 
correlation with Tfh was not observed. These results 
suggest that the GR signal is decreased in the NOG-
hIL-4-Tg mouse, which makes it difficult to inhibit 
B-cell function by GC.
 IL-4 and GC crosstalk was reported previously, but 
according to the report, GC administration induced 
Th2 differentiation (37). However, our observation was 
that systemic expression of human IL-4 suppressed 
the GR expression of transplanted human PBMCs. It 
is curious that systemic expression of a high level of 
IL-4 suppressed GR expression, which may cause a 
decrease in Th2 differentiation, while GC concentration 

in plasma was not correlated with GR expression (R2 
= 0.01765) (Figure 4B). This mechanism should be 
clarified in the future.
 There have been many reports involving GC and/or 
GR expression and immune suppression, mainly with 
T-cell differentiation and function (29,38). Meanwhile, 
the effects of B-cell differentiation and function are not 
as well investigated and are less controversial. While 
a report suggests that GC function showed a negative 
correlation to B-cell survival and proliferation, another 
group reports that GC does not show a correlation 
with B-cell survival and proliferation but affects class-
switch from IgM to other isotypes by modifying AID 
expression (31). GC is also reported to increase Treg 
cells, but another group reported that it does not (29,32). 
Occasionally, GC is used as an anti-inflammatory drug 
after anticancer treatment, as reported for leukemia (39). 
Thus, the function and the mechanism are not clear, 
but in our results, GC clearly affects B-cell number 
and antigen-specific antibody production negatively. 
Therefore, it shows promise to become important 
evidence for improving the humanized mouse system 
based on our model. Moreover, it will become a 
good model animal to investigate how GC affects the 
regulation of human antibody production.
 Between the NOG and NOG-hIL-4-Tg mouse 
systems, no significant difference in the proportion 
of Th-cell subsets was detected. However, the 
proportion of the Th1 subset also showed a negative 
correlation with IL-4, which was consistent with a 
previous report (40). Although it is well known that 
the in vitro treatment of high-dose IL-4 induced Th2-
cell differentiation (41,42), our result demonstrated 
that the proportion of the Th2 subset did not increase 
in NOG-hIL-4 Tg mice. As we reported previously 
(17), PMA-Ionomycin (PMA/Io) stimulation induced 
high expression levels of IL-4 in human CD4+ T cells 
engrafted in NOG-hIL-4-Tg mice. This contradiction 
might be resolved by analysis of the differences 
between the mice with and without in vivo stimulation. 
Kumar et al. and Murray et al. demonstrated that high-
affinity and/or high numbers of antigen signals were 
polarized into Th1 cells, even in an IL-4-abundant 
environment (43,44). Similar to these reports, our 
CH401MAP peptide/Freund's adjuvant or Freund's 
adjuvant alone used to immunize NOG-hIL-4 Tg mice 
strongly activated human T cells; hence, the majority 
of T cells might be shifted to Th1 cells in the present 
study. Further analysis is required to determine the Th 
status in NOG-hIL-4 Tg mice.
 In our results, there was a very low correlation 
between IL-4 in the plasma and the GR expression 
level, although NOG-hIL-4-Tg mice showed a lower 
GR level than conventional NOG mice. Therefore, it 
may be possible that the concentration of 100 pg/mL 
in the plasma is sufficient for the suppression of GR 
expression and that higher concentrations do not affect 
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the GR expression level further. While GR expression 
is reported to be increased by dexamethasone, which 
mimics GC induction via the hypothalamic-pituitary-
adrenal axis against inflammatory signals such as 
TNF-α and/or IL-1β (45), sufficient IL-4 may suppress 
the release of these inflammatory cytokines in the 
blood, resulting in the suppression of GR expression. 
As spleen B cells are highly sensitive to GC (30), 
suppression of GR and GC signals may be highly 
beneficial to B-cell survival.
 In conclusion, GR expression is decreased in NOG-
hIL-4-Tg mice transplanted with human PBMCs. The 
decrease in GR expression shows a correlation with the 
increase in B-cell number and specific IgG production.
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1. Introduction

Bone remodeling or bone metabolism is a physiological 

process involving bone resorption and synthesis 
by os teoclas ts  and os teoblas ts ,  respect ively . 
Osteoclasts are specialized multinucleated cells that 
differentiate from hematopoietic stem cells to induce 
bone resorption (1,2). Under normal physiological 
conditions, they play an important role in the 
maintenance of calcium homeostasis and normal bone 
remodelling (3,4). However, excessive bone resorption 
compared to bone formation causes an imbalance in 

Summary Sargassum serratifolium C. Agardh is a marine brown alga that has long been used as an 
ingredient for food and medicine by many people living along Asian coastlines. Recently, 
various beneficial effects of extracts or compounds isolated from S. serratifolium have been 
reported, but their efficacies against bone destruction are unclear. Therefore, in this study, 
we investigated the inhibitory property of an ethanol extract of S. serratifolium (EESS) on 
osteoclast differentiation by focusing on the receptor activator of nuclear factor-κB ligand 
(RANKL)-stimulated osteoclastogenesis model using RAW 264.7 macrophages. Our results 
demonstrated that EESS reduced RANKL-induced osteoclast differentiation in RAW 264.7 
cells, by inhibiting tartrate-resistant acid phosphatase (TRAP) activity and destroying the 
F-actin ring formation. EESS also attenuated RANKL-induced expressions of key osteoclast-
specific genes, such as nuclear factor of activated T cells cytoplasmic 1 (NFATC1), TRAP, 
cathepsin K and matrix metalloproteinase-9. These effects were mediated by impaired nuclear 
translocation of nuclear factor (NF)-κB and suppression of IκB-α degradation. In addition, 
EESS effectively inhibited the production of reactive oxygen species (ROS) by RANKL, which 
was associated with enhanced expression of nuclear translocation of nuclear factor-erythroid 
2-related factor 2 (Nrf2) and heme oxygenase-1 (HO-1). Overall, our findings provide 
evidence that EESS suppresses RANKL-induced osteoclastogenesis and oxidative stress 
through suppression of NF-κB and activation of Nrf2/HO-1 signaling pathway, indicating that 
S. serratifolium has a potential application the prevention and treatment of osteoclastogenic 
bone disease.
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bone remodeling. This may occur due to menopause, 
aging, oxidative and inflammatory stress. The net 
result may be a progression to a variety of metabolic 
bone diseases, such as osteoporosis, autoimmune 
arthritis, hypercalcemia, and Paget's disease (5-7). 
Currently, hormones and anti-resorptive therapies are 
commonly used to treat them. However, long-term use 
of estrogen after menopause may increase the risk of 
various types of cancer in addition to blood clotting 
(8-10). In addition, specific inhibitors of osteoclastic 
activity such as bisphosphonates, which are widely 
used as reabsorption therapies, can cause serious side 
effects including hypocalcemia and osteonecrosis (9-
11). Therefore, the discovery of substances capable of 
inhibiting osteoclast differentiation is a useful strategy 
for developing therapeutic agents for bone resorption-
related diseases.
 Receptor activator of nuclear factor-κB (NF-κB) 
ligand (RANKL) and macrophage colony-stimulating 
factor (M-CSF) are known to be essential cytokines 
that play key roles in osteoclast differentiation and 
maturation (12,13). RANKL, a member of the tumor 
necrosis factor (TNF) superfamily, is a critical regulator 
for signaling to induce osteoclast differentiation and 
to facilitate the activation of precursor cells through 
interaction with its receptor RANK (13,14). On 
the other hand, M-CSF secreted from osteoclasts is 
involved in the survival and proliferation of osteoclast 
precursors and induction of RANK expression 
(12,15). Activation of RANK by RANKL stimulates 
transcriptional activation of osteoclast-specific factors, 
which are involved in osteoclast differentiation and 
osteoclastic activity through activation of various 
intracellular signal transduction pathways, thereby 
increasing bone resorption (16-18).
 Oxidative stress caused by excessive production 
of reactive oxygen species (ROS) has been reported 
to inhibit osteoblast survival and function, thereby 
inhibiting bone formation (19,20). Excessive ROS can 
also cause bone destruction by exerting oxidative damage 
to all cellular biomolecules such as proteins, lipids and 
nucleic acids (21,22). In addition, the overproduction of 
ROS has been demonstrated to increase the expression 
of RANKL by osteoclasts, thereby activating osteoclasts 
and enhancing bone resorption capacity, indicating 
that ROS play an important role in osteoclastogenesis 
(19,23,24). Most cells have endogenous defense 
strategies to eliminate damage caused by excessive ROS 
production. Among them, the nuclear transcription factor 
erythroid-2-like factor 2 (Nrf2) is one of the critical 
antioxidant systems involved in the maintenance of the 
redox state (25,26). More importantly, many studies have 
shown that Nrf2 is a key regulator of bone homeostasis, 
because activation of Nrf2 signaling can promote the 
endogenous antioxidant response to ROS (26-28).
 Recently, there has been a growing interest in 
marine resources for prevention and treatment of various 

diseases. Among them, seaweeds are abundant as active 
substances with various pharmacological actions, which 
may have the potential to prevent bone loss through 
inhibition of osteoclastogenesis (29-34). Sargassum is 
a genus of marine brown algae (Phaeophyceae) that is 
found in most seas around the world, and many coastal 
people, especially in Korea, Japan, and China, use it as 
a source for food and medicine (35). Recently, extracts 
or compounds isolated from Sargassum siliquastrum, S. 
fusiforme and S. micracanthum belonging to Sargassum 
spp. have been demonstrated to have potent inhibitory 
activities against osteoclast differentiation (33,36-
38). For example, Komai et al. (38) reported that 
plastoquinones and chromene derivatives isolated from S. 
micracanthum contribute to inhibition of bone resorption 
by inhibiting the differentiation of osteoclast progenitors 
into osteoclast-like cells. In addition, sargachromanol 
G, a plastoquinone isolated from S. siliquastrum, was 
reported to have anti-osteoclastogenic effects while 
inhibiting the activity of NF-κB and mitogen-activated 
protein kinases by RANKL and interleukin-1β (36,37). 
However, up to now, the effectiveness of S. serratifolium 
in osteoclast formation has not been investigated. 
Therefore, this study was designed to examine the effects 
of an ethanol extract of S. serratifolium (EESS) on 
RANKL-induced osteoclast differentiation and oxidative 
responses, using RAW 264.7 cells as osteoclast precursor 
cells.

2. Materials and Methods

2.1. Preparation of EESS

The EESS used in this study was provided by the 
National Marine Biodiversity Institute of Korea 
(Seocheon, Republic of Korea). For the preparation 
of EESS, S. serratifolium was collected from offshore 
Jeju island, Republic of Korea in March 2016. 
Authentication of the brown algae was established 
by Dr. Dae-Sung Lee, National Marine Biodiversity 
Institute of Korea. Collected S. serratifolium was 
washed with tap water to remove slats, epiphytes, 
and sand attached to the surface of the samples, and 
then lyophilized. The dried sample of S. serratifolium 
(170 g) was pulverized, and extracted with 70% 
EtOH (1 : 10 w/v) for 1 h (five times) by sonication. 
The S. serratifolium extract (EESS) was obtained by 
evaporation under vacuum. Voucher specimen (AARC-
2016-18) is deposited at the Anti-Aging Research 
Center, Dongeui University (Busan, Republic of 
Korea). The extract was dissolved in dimethylsulfoxide 
(DMSO, Sigma-Aldrich Chemical Co., St. Louis, MO, 
USA), before use in the experiment.

2.2. Cell culture

The murine macrophage RAW 264.7 cell line was 
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kit (Sigma-Aldrich Chemical Co.), according to 
the manufacturer's instructions. TRAP-positive 
multinucleated cells containing three or more nuclei 
were classified as osteoclasts, counted and captured by 
a light microscope (Carl Zeiss, Oberkochen, Germany). 
At the same time, the culture medium was collected, 
and the activity of TRAP was measured using a TRAP 
assay kit (Sigma-Aldrich Chemical Co.) at 450 nm 
with an ELISA microplate reader. TRAP activity was 
calculated as a percentage of the untreated control, as 
previously described (39). 

2.6. F-actin ring formation assay 

The effect of EESS on the formation of F-actin rings 
was investigated in accordance with the methods 
of a previous study (40). Briefly, after treatment, 
the culture medium was replaced with a solution of 
4% paraformaldehyde to fix the cells for 20 min at 
room temperature. The cells were then stained with 
fluorescein isothiocyanate (FITC)-phalloidin solution 
(Thermo Scientific, Waltham, MA, USA) for 45 min 
after 5 min treatment with a 0.1% Triton X-100 solution 
to permeabilize the cells. Nuclei were sequentially 
stained with 2.5 μg/mL 4′,6-diamidino-2-phenylindole 
(DAPI, Sigma-Aldrich Chemical Co.) solution for 15 
min and images were captured using a fluorescence 
microscope (Carl Zeiss).

2.7. Protein isolation and Western blot analysis 

To extract whole-cell proteins, the cells were collected, 
washed twice with ice-cold PBS, and then lysed using 
the cell lysis buffer [25 mM Tris-Cl (pH 7.5), 250 
mM NaCl, 5 mM ethylenediaminetetraacetic acid, 1% 
Nonidet-P40, 1 mM phenylmethylsulphonyl fluoride, 
and 5 mM dithiothreitol] for 1 h before cell debris was 
removed by centrifugation. The cytosolic and nuclear 
extracts were prepared using an NE-PER Nuclear 
and Cytoplasmic Extraction Reagents kit (Pierce 
Biotechnology, Rockford, IL, USA) in accordance with 
the instructions of the manufacturer. The same amounts 
of protein (30-50 μg) were separated by electrophoresis 
on sodium dodecyl sulfate (SDS)-polyacrylamide gels 
and transferred to polyvinylidene difluoride membranes 
(Schleicher and Schuell, Keene, NH, USA). The 
membranes were blocked with 5% non-fat dry milk for 
1 h at room temperature and subsequently probed with 
primary antibodies overnight with gentle agitation at 
4℃. After washing three times with Tris-buffered saline 
containing 0.1% Tween-20 for 5 min, the membranes 
were incubated with the corresponding horseradish-
peroxidase-linked secondary antibodies (Amersham 
Biosciences, Westborough, MA, USA) for 2 h at 
room temperature. The membranes were visualized 
by enhanced chemiluminescence (ECL) solution 
(Amersham Biosciences) and exposed to X-ray films. 

obtained from the American Type Culture Collection 
(Manassas, VA, USA). The cells were cultured in 
Dulbecco's modified Eagle's medium (WelGENE 
Inc., Daegu, Republic of Korea), containing 10% 
fetal bovine serum (WelGENE Inc.) and 100 U/mL 
penicillin and streptomycin (WelGENE Inc.) at 37℃ 
in humidified air with 5% CO2, and were subcultured 
every three days.

2.3. Cell viability assay

For the cell viability study, RAW 264.7 cells were 
cultured in 96-well plates at a density of 5 × 104 cells 
per well. After a 24-h-incubation, the cells were 
treated with various concentrations of EESS for 48 h. 
Afterward, the medium was removed, 0.5 mg/mL of 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT, Sigma-Aldrich Chemical Co.) was 
added to each well and incubated at 37℃ for 3 h. The 
supernatant was then replaced with dimethyl sulfoxide 
(DMSO) to dissolve the blue formazan crystals. 
After 10 min, the optical density was measured at 
a wavelength of 540 nm, with an enzyme-linked 
immunosorbent assay (ELISA) microplate reader 
(Dynatech Laboratories, Chantilly, VA, USA).

2.4. Flow cytometry assay

For flow cytometry analysis, cells cultured under the 
same conditions as in the MTT assay were resuspended 
in phosphate-buffered saline (PBS) and fixed in 75% (v/
v) ethanol at 4℃ for 1 h. After washing with PBS, the 
cells were incubated in cold propidium iodide solution 
(50 μg/mL, Sigma-Aldrich Chemical Co.) containing 
RNase A (0.1 mg/mL) in PBS (pH 7.4) in the dark for 
30 min. The relative DNA contents of stained cells 
were analyzed by fluorescence intensities using a flow 
cytometer (BD Biosciences, San Jose, CA, USA), and 
cells belonging to the sub-G1 phase were calculated as 
apoptotic cells. 

2.5. Tartrate-resistant acid phosphatase (TRAP) 
staining and activity assay

RAW 264.7 cells were seeded in 48-well plates at a 
density of 1 × 105 cells per well, to investigate the 
effect of EESS on osteoclast differentiation. After 
24-h-culture, 100 ng/mL RANKL (Abcam, Cambridge, 
MA, USA) with or without EESS (25 and 50 μg/
mL) was added and further cultured for 5 days. The 
medium containing the relevant reagents was changed 
every three days within this period. After completion 
of the experiment, the cells were fixed with 4% 
paraformaldehyde (Sigma-Aldrich Chemical Co.) for 
10 min and washed twice with PBS. The fixed cells 
were then permeabilized with 0.1% Triton X-100 for 1 
min and stained for TRAP activity using a commercial 
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2.8. Detection of the intracellular ROS levels

The production of intracellular ROS was monitored 
using a cell-permeable fluorogenic probe, 5,6-carboxy-
2',7'-dichlorofluorescein diacetate (DCF-DA). Briefly, 
the collected cells were stained with 10 μM DCF-DA 
(Sigma-Aldrich Chemical Co.) in the dark at 37℃ for 
15 min. The cells were then rinsed twice with PBS, and 
10,000 events were immediately analyzed using a flow 
cytometer (BD Biosciences, San Jose, CA, USA), with 
an excitation wavelength of 480 nm and an emission 
wavelength of 525 nm (41). To observe the degree 
of ROS production by fluorescence microscopy, the 
cells attached to the glass coverslips were stimulated 
with RANKL in the presence or absence of EESS. The 
cells were stained with 10 μM DCF-DA at 37℃ for 
15 min, washed twice with PBS, and then fixed with 
4% paraformaldehyde (pH 7.4) for 20 min. The fixed 
cells were washed twice with PBS and analyzed using a 
fluorescence microscope (Carl Zeiss). 

2.9. Statistical analysis

All the experiments reported in this study were replicated 
in three independent experiments. The results are 
presented as the mean ± SD. Statistical significance was 
assessed by one-way analysis of variance. A p value of < 
0.05 was considered statistically significant.

3. Results

3.1. Effects of EESS on RAW 264.7 cell viability

RAW 264.7 cell viabilities were measured following 
treatment with various concentrations of ESS for 48 
h, to assess the results under current experimental 
conditions. The cytotoxic effect of EESS, as shown 
in Figure 1A, was not induced at concentrations up to 
100 μg/mL of the agent, but the cell viabilities were 
gradually reduced in the treatment groups with larger 
concentrations (≥150 μg/mL) of EESS compared to 
the control cells. Flow cytometry analysis showed no 
significant difference in the frequencies of cells of the 
sub-G1 phase, which means the presence of apoptosis 
in the groups treated with ≤100 μg/mL of EESS 
compared to the control group (Figure 1B). Therefore, 
the highest concentration of EESS was chosen as 50 μg/
mL for subsequent studies.

3.2. EESS inhibits osteoclast differentiation in RANKL-
stimulated RAW 264.7 cells

RAW 264.7 cells were treated with 25 and 50 μg/
mL EESS, respectively, in the presence of RANKL 
and stained with TRAP, to determine the inhibitory 
effect of EESS on osteoclast differentiation. In the 
RANKL-alone treatment group, typical osteoclast 

morphological changes, in which many cells were 
aggregated and bundled, and an increased activation 
of TRAP were observed, suggesting that RAW 
264.7 cells differentiated completely into osteoclasts 
(Figure 2A). However, EESS significantly reduced 
multinucleated osteoclast-like cell formation and TRAP 
activity in RANKL-stimulated RAW 264.7 cells in a 
concentration-dependent manner. In addition, RANKL-
induced osteoclast differentiation was completely 
suppressed in the osteoprotegerin (OPG)-treated cells, 
as a positive control (Figure 2).

3.3. EESS disrupts the formation of F-actin ring structure 
in RANKL-stimulated RAW 264.7 cells

To confirm the inhibitory effect of EESS on RANKL-
induced osteoclastogenesis, the influence of EESS 
on formation of F-actin ring structures, known to 
beessential for bone resorption to occur (42,43), 
was investigated in this study. As shown in Figure 3, 
RANKL-treated RAW 264.7 cells showed the actin 
ring cytoskeletal structure; however, the size of the ring 
structure was markedly reduced in cells exposed to 
EESS compared with cells treated with RANKL alone, 
suggesting that EESS effectively inhibited osteoclast 
differentiation.

3.4. EESS alleviates RANKL-induced NF-κB nuclear 
translocation and IκBα degradation in RAW 264.7 cells

Figure 1. Effect of EESS on the cell viability in RAW 264.7 
cells. Cells were treated with various concentrations of EESS 
for 48 h. (A) Cell viability was assessed by the MTT assay. The 
results are the means ± SD obtained from three independent 
experiments (*p < 0.05 compared with the control group). 
(B) To quantify the degree of apoptosis induced by EESS, the 
cells were evaluated by a flow cytometer to determine sub-G1 
DNA content, which represents the cells undergoing apoptotic 
DNA degradation. The results are expressed as the mean of two 
different experiments.
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We next determined whether EESS could attenuate 
RANKL-induced activation of NF-κB, which is critical 
for RANKL-mediated osteoclastogenesis (13,14). 
Immunoblotting data, using cytoplasmic and nuclear 
extracts, showed that the expression of the NF-κB p65 
subunit in the nucleus was greatly increased after a 

RANKL challenge, whereas there was a reduction in its 
expression in the cytoplasm. In addition, the expression 
of IκBα was reduced in the cytoplasm, indicating that 
NF-κB was activated by RANKL treatment (Figure 
4A). However, the shift of NF-κB p65 to the nucleus 
induced by RANKL and the degradation of IκBα were 
abolished in a concentration-dependent manner in the 
presence of EESS, suggesting that EESS could inhibit 
the activation of NF-κB by RANKL. 

3.5. EESS suppresses the RANKL-induced expression of 
osteoclastogenesis-associated genes in RAW 264.7 cells

We further investigated the effect of EESS on 
the expression of osteoclastic markers for the 
study of mechanisms involved in the inhibition of 
osteoclastogenesis by EESS. When RAW 264.7 cells 
were treated with RANKL, immunoblotting revealed 
that the major osteoclastogenesis factors, including 
nuclear factor of activated T cells cytoplasmic 1 
(NFATC1), TRAP, cathepsin K (CTSK) and matrix 
metalloproteinase-9 (MMP-9), were dramatically 
upregulated in the cells (Figure 4B). However, the 
increased levels of these genes by RANKL were 

Figure 2. Inhibition of RANKL-induced osteoclast 
differentiation by EESS in RAW 264.7 cells. Cells were 
stimulated with 100 ng/mL RANKL in the presence or absence 
of EESS (25 and 50 μg/mL) for 5 days. Osteoprotegerin 
(OPG) was used as a positive control. (A) The fixed cells 
were stained for TRAP and identified using a microscope. (B) 
TRAP-positive multinucleated cells were counted to determine 
osteoclast numbers. (C) Supernatants were collected, and the 
TRAP activity was measured by an ELISA reader. (B and C) 
Each point represents the mean ± SD of three independent 
experiments (*p < 0.05 vs. the untreated control; #p < 0.05 vs. 
the RANKL-treated cells).

Figure 3. Suppression of F-actin ring formation by EESS 
in RANKL-stimulated RAW 264.7 cells. The cells were 
incubated with 100 ng/mL RANKL in the presence or absence 
of the indicated concentrations of EESS for 5 days. The cells 
were fixed and stained for F-actin ring with a FITC-phalloidin 
solution. Subsequently, the cells stained with DAPI solution 
and then imaged with a fluorescence microscope. OPG was 
used cells as a positive control.

Figure 4. Effects of EESS on RANKL-induced activation of 
NF-κB and expression of osteoclast-specific genes in RAW 
264.7 cells. (A) After 100 ng/mL RANKL treatment with or 
without EESS for 5 days, the nuclear and cytosolic proteins 
were isolated, and the expression of NF-κB and IκB-α was 
determined by Western blot analysis using an ECL detection 
system. Lamin B and β-actin were used as internal controls 
for the nuclear and cytosolic fractions, respectively. (B) The 
cellular proteins were isolated from cells cultured under the 
same conditions, and the expression of osteoclast-specific 
proteins was assessed by Western blot analysis. β-actin was 
used as an internal control. The results shown are representative 
of three independent experiments.
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reduced by addition of EESS in a concentration-
dependent manner. 

3.6. EESS attenuates RANKL-induced ROS production 
in RAW 264.7 cells

As oxidative stress also plays a critical role in the 
osteoclast differentiation and bone resorption (19,20), 
we then investigated whether EESS could suppress 
RANKL-induced generation of ROS. Our flow 
cytometry results indicated that the level of ROS 
markedly increased in RANKL-stimulated cells; 
however, the increase in ROS content was reduced in a 
concentration-dependent manner by addition of EESS. 
Moreover, as expected, the co-treatment of N-acetyl 
cysteine (NAC), a ROS scavenger, completely blocked 
ROS production by RANKL (Figure 5A). The effect of 
preventing ROS formation was confirmed in our studies 
using a fluorescence microscope. Consistent with the 
results from flow cytometry, the increase in DCF-DA 
fluorescence intensity observed in the cells treated 
with RANKL was greatly weakened by pretreatment of 
EESS, as shown in Figure 5B.

3.7. EESS enhances the expression of Nrf2 and HO-1 in 
RAW 264.7 cells

Furthermore, the effect of EESS on the expression 
of Nrf2 and its regulatory gene heme oxygenase-1 
(HO-1) was investigated because it is well known 
that activation of the Nrf2/HO-1 signaling pathway 
plays an important role in antioxidant activity for 
bone homeostasis (26,44). The immunoblotting results 

showed that the expression of Nrf2 and HO-1 protein 
gradually increased in a concentration-dependent 
manner on EESS treatment, but conversely, Kelch-
like epichlorohydrin-associated protein 1 (Keap1) 
expression decreased with EESS treatment (Figure 
6A). Phosphorylation at serine 40, in particular, is 
important for activation and stabilization of Nrf2, also 
increased with EESS treatment, demonstrating that 
EESS activated Nrf2/HO-1 signaling in RAW 264.7 
cells. In addition, the expression and phosphorylation 
of Nrf2 in RANKL-treated cells were not increased 
or induced to a lower level than untreated control 
cells, its phosphorylation, as well as expression, were 
markedly elevated in cells co-treated with EESS and 
RANKL (Figure 6B). Furthermore, HO-1 expression 
was also much increased in treated cells compared to 
cells treated with EESS, and expression of Keap1 was 
further reduced, suggesting that the antioxidant effect 
of EESS may be related to Nrf2/HO-1 axis activation.

4. Discussion

In the current study, murine macrophage RAW 264.7 
cell line was used to evaluate the effect of ethanol 
extract of S. serratifolium (EESS) on RANKL-induced 
osteoclast differentiation. We demonstrated that EESS 
could effectively attenuate RANKL-induced osteoclast 
differentiation by inhibiting TARP activity and F-actin 
ring formation accompanied by suppression of RANKL-
induced expression of osteoclast-associated marker 
genes through inhibition of nuclear translocation of 
NF-κB. In addition, EESS abolished RANKL-induced 
oxidative stress by inhibiting ROS production related to 
the activation of Nrf2/HO-1 signaling pathway. 
 The destruction of metabolic balance of the bone is 
due to increase of bone resorption by osteoclasts rather 
than new bone formation by osteoblasts. RANKL is a 
key pro-osteoclastogenic cytokine that plays an essential 
role in the induction of osteoclast differentiation from 
hematopoietic cells of monocyte-macrophage lineage 
(12,13). Terminal differentiation into osteoclasts by 

Figure 5. Effects of EECC on the RANKL-induced ROS 
generation in RAW 264.7 cells. The cells were treated with 
100 ng/mL RANKL in the presence or absence of EESS (25 
and 50 μg/mL). (A) The cells were incubated with DCF-DA, 
and DCF fluorescence was measured by flow cytometry. The 
values represent the means of two independent experiments. 
(B) After staining with DCF-DA, images were obtained using a 
fluorescence microscope. These images are representative of at 
least three independent experiments.

Figure 6. Effects of EECC on the expression on Nrf2 and 
its regulatory proteins in RAW 264.7 cells. The cells were 
treated with the indicated concentrations of EESS for 5 days 
(A) or treated with 100 ng/mL RANKL in the presence or 
absence of EESS (25 and 50 μg/mL) for 5 days (B). The 
cellular proteins were probed with the indicated antibodies and 
were visualized using an ECL detection system. Equal protein 
loading was confirmed by analysis of β-actin. The results 
shown are representative of three independent experiments.
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RANKL involves the following steps: 1) activation 
of TRAP, a representative osteoclast marker involved 
in bone resorption, and 2) formation of multinuclear 
osteoclasts by combining TRAP-positive cells with actin 
ring formation. To perform bone resorption by activated 
TRAP of mature osteoclasts, formation and maintenance 
of actin rings on the bone surface must be continued 
(45,46). Results of this study revealed that EESS could 
inhibit TRAP activation and F-actin ring formation 
by RANKL, suggesting that EESS might be able to 
inhibit bone resorption through blocking early stages of 
differentiation from precursor cells to osteoclasts.
 As noted in many studies,  NF-κB is  a key 
transcription factor that plays a role in RANKL-induced 
osteoclast differentiation (12,14). Normally, NF-κB is 
retained in the cytoplasm in an inactive form coupled 
with IκB-α, an inhibitory subunit. When IκB-α is 
phosphorylated and degraded by a ubiquitin-dependent 
pathway upon binding of RANKL and RANK, NF-κB 
translocates from the cytosol into the nucleus and triggers 
transcriptional activation of several osteoclastogenesis-
related genes (13,14). Results of the current study 
indicated that NF-κB translocation to the nucleus and 
cytoplasmic degradation of IκB-α were increased by 
RANKL stimulation. However, EESS reduced these 
changes. Therefore, blockade of nuclear translocation 
of NF-κB, an essential step in NF-κB activation, can be 
proposed as one of the mechanisms involved in EESS-
mediated anti-osteoclastogenic effect.
 Transcription factor NFATc1 as a master regulator 
in osteoclastogenesis. It also plays an important role in 
regulating the expression of osteoclast-specific genes 
upon RANKL signaling. Its expression is enhanced by 
binding to transcription factors including NF-κB on 
the promoter at early stage of osteoclast differentiation 
(16,17). Thus, genes regulated by NFATc1 including 
TRAP, CTSK, and MMP-9 are highly expressed 
at RANKL-induced terminal differentiation stage, 
thereby promoting bone resorption (25,47). Our 
results showed that RANKL-induced expression of 
NFATc1 was significantly suppressed by EESS in a 
concentration-dependent manner. Expression levels of 
most osteoclast-related marker genes were also reduced 
by EESS. Although further studies should be conducted 
to determine whether NF-κB plays a direct role in the 
regulation of NFATc1 expression, these results suggest 
that EESS-mediated blockade of NFATc1 expression 
associated with inhibition of NF-κB activation might 
play a central role in inhibiting osteoclast differentiation 
and bone resorption activity.
 Up to date, targets of ROS that arise during osteoclast 
differentiation by RANKL signaling remain unclear. 
However, they certainly play important signaling roles in 
the process of osteoclastogenesis (21,22). Many previous 
studies have shown that ROS accumulation can increase 
the expression of RANKL in osteoclasts and enhance 
their survival and proliferation (19,23,24). In addition, 

ROS can act as upstream molecules for activation of NF-
κB and NFATc1 to promote transcription of osteoclast-
specific genes at the onset of osteoclastogenesis. On the 
other hand, excessive production of ROS will inhibit 
the differentiation of osteoblasts and induce death 
of osteocytes as well as osteocytes, leading to bone 
formation imbalance (19,20). Therefore, inhibiting or 
eliminating ROS production can prevent pathological 
causes of various diseases associated with functional 
activation of osteoclasts by oxidative stress. As can 
be seen from results of the present study, EESS could 
significantly weaken RANKL-induced accumulation of 
ROS. The strong ROS scavenging ability of EESS might 
be another mechanism involved in its inhibitory effect on 
osteoclast differentiation.
 Accumulated evidence suggests that Nrf2 signaling 
pathway plays a critical role in protecting cells from 
oxidative damage by promoting the expression of 
antioxidant enzymes in most cells. It is also an attractive 
target in bone metabolism homeostasis (26,44). Under 
physiological conditions, Nrf2 binds to Keap1 and 
becomes sequestered in the cytoplasm. However, 
under a situation in response to oxidative stress, Nrf2 
is disassociated from Keap1 and then translocates 
to the nucleus. In this process, phosphorylation 
of Nrf2 is accompanied. It is an essential step for 
transcriptional activation of its target genes. HO-1 
is one of cytoprotective enzymes that act as a rate-
limiting enzyme. It is regulated by Nrf2 and catalyzes 
the degradation of heme to biliverdin, carbon oxide, and 
iron (44,48). Previous studies have shown that increased 
expression of HO-1 by transcriptional activation of Nrf2 
plays a central role in the removal of ROS generation by 
RANKL (26,44). In the present study, expression and 
phosphorylation of Nrf2 were significantly increased 
in cultured cells co-treated with RANKL and EESS 
compared to those in cells treated with EESS alone 
while the expression of Keap1 was reversely decreased. 
Moreover, the expression of HO-1 was significantly 
upregulated in RANKL and EESS co-treatment cells, 
indicating that EESS could activate the Nrf2/HO-1 
antioxidant pathway. Although further experiments are 
needed to determine the inhibition of ROS production 
and activation of Nrf2/HO-1 axis, results of this study 
show that the Nrf2/HO-1 signaling pathway might 
contribute to the protective ability of EESS against 
RANKL-mediated oxidative stress. 
 In summary, our data demonstrate that EESS can 
suppress RANKL-induced osteoclast differentiation 
through inactivation of NF-κB and inhibition of 
NFATC-1 expression. EESS also attenuated RANKL-
induced oxidative stress associated with activation of 
Nrf2/HO-1 signaling pathway. Results of the current 
study suggest that EESS might have therapeutic 
potential for treating bone loss-related disorders. 
However, additional experiments such as reassessment 
of the anti-osteoclastogenic potential of EEES using 
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animal models and validation of major bioactive 
components of EESS are required.
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1. Introduction

Osteoporosis is a bone disorder which is characterized 

by reduced bone strength and increased bone fragility. 
Patients with osteoporosis usually show an increase in 
bone transformation, leading to imbalance of absorption 
and bone formation (1,2). The differentiation of 
osteoblasts from bone marrow stromal cells is under 
control of multiple factors, including Wnt family proteins 
(3). Wnt ligands play a central role in development 
and homeostasis of various organs and activate two 
signaling pathways, the β-catenin-dependent canonical 
and β-catenin-independent noncanonical pathways. 

Summary Skeletal homeostasis is dynamically influenced by the immune system. Low density lipoprotein 
receptor-related protein-5 (LRP5) is a co-receptor of the Wnt signaling pathway, which 
modulates bone metabolism in humans and mice. Immune disorders can lead to abnormal 
bone metabolism. It is unclear whether and how LRP5 alters the balance of the immune 
system to modulate bone homeostasis. In this study, we used primary osteoblast to detect the 
differentiation of osteoblasts in vitro, the immune cells of spleen and bone marrow of 6-month 
old LRP5 heterozygote (HZ) and wild-type (WT) mice were analyzed by Flow cytometry. We 
found that LRP5+/- could influence the differentiation of osteoblasts by decreasing the mRNA 
level of Osterix, and increasing the mRNA level of Runx2 and the ratio of receptor activator 
for nuclear factor-κB ligand/osteoprotegerin (RANKL/OPG). In the LRP5+/- mice, percentages 
of NK cells, CD3e+ cells, and CD8a+ T cells were increased in both spleen and bone marrow, 
and percentages of CD106+ cells and CD11c+ cells were increased in spleen while decreased 
in bone marrow, conversely, CD62L+ cells were decreased in spleen while increased in bone 
marrow compared to the WT mice. Percentages of CD4+ cells, CD14+ cells, and CD254+ cells 
were increased in the spleen, and CTLA4+ cells were increased in the bone marrow of the 
LRP5+/- mice. The mRNA level of Wnt signaling molecules such as β-catenin, and c-myc were 
decreased and APC was increased in spleen lymphocytes and bone marrow lymphocytes, 
and the mRNA level of Wnt3a was decreased in spleen lymphocytes while no change in bone 
marrow lymphocytes was seen with silencing LRP5 by specific small interfering RNA. In 
conclusion, heterozygous deletion of the LRP5 gene in mice could alter the profile of the 
immune cells, influence the balance of immune environment, and modulate bone homeostasis, 
which might present a potential mechanism to explore the Wnt signaling pathway in the 
modulation of the immune system.

Keywords: Low density lipoprotein receptor-related protein-5, osteoblast, RANKL, OPG, T cells, 
NK cells, CD254

DOI: 10.5582/bst.2018.01013Original Article

Released online in J-STAGE as advance publication June 14, 
2018.

*Address correspondence to:
Dr. Ling Wang, Hospital and Instistute of Obstetrics and 
Gynecology, IBS, Fudan University, 419 Fangxie Road, 
Shanghai 200011, China.
E-mail: Dr.wangling@fudan.edu.cn



www.biosciencetrends.com

BioScience Trends. 2018; 12(3):266-274.

Low density lipoprotein receptor-related protein-5 
(LRP5) is a transmembrane low-density lipoprotein 
receptor that shares a similar structure with LRP6 
and acts as a co-receptor with LRP6 and the Frizzled 
protein family members for transducing signals by 
Wnt proteins through the canonical Wnt pathway. In 
the activated canonical Wnt/β-catenin pathway, Wnt-
protein ligands such as Wnt1 and Wnt 3a can bind to a 
Frizzled family receptor to dissociate the degradation 
complex consisting of Axin, adenomatous polyposis coli 
(APC) and glycogen synthase kinase 3β (GSK3β), then 
promote the accumulation of β-catenin and its nuclear 
translocation to regulate expression of various critical 
genes such as cyclin D1 and c-Myc (4). LRP5 is closely 
related to osteoblast differentiation, bone density and/or 
osteoporotic fracture, which plays a key role in skeletal 
homeostasis (5). In recent years, much attention has been 
paid to the role of the Wnt/β-catenin pathway and LRP 
protein in the pathomechanism of osteoporosis, indicating 
a possible contribution of polymorphic variants of the 
candidate LRP5 gene in disease development (6,7). The 
bone mass regulation mechanism of LRP5 provides new 
therapeutic targets for osteoporosis and other diseases. 
The finding that LRP5 mutations lead to abnormalities 
in bone growth in humans has led to attempts to generate 
animal models for bone defects (8). 
 The viewpoint of osteoimmunology is that the 
immune system and immune factors play an important 
role in the development of osteoporosis. In the bone-
tumor micro-environment, immune cells such as 
dendritic cells, monocytes/macrophages, myeloid-
derived suppressor cells, regulatory T cells, T helper 
cells, neutrophils, CD4+ T lymphocytes, CD8+ cytotoxic 
T lymphocytes, and natural killer cells, could cooperate 
with bone cells and tumor cells to enhance bone 
metastasis and tumor progression (9-11). The current 
hypothesis of the immune system regulating bone 
formation and bone resorption is linked to discovery of 
RANK and its ligand RANKL. These molecules were 
originally thought to be secreted by T lymphocytes and 
dendritic cells. T lymphocytes secrete inflammatory 
factors and Wnt ligands to promote bone formation and 
absorption (12-14). 
 The Wnt signaling cascade plays an important role 
in development and differentiation of immune cells, in 
the tumor microenvironment, loss of co-receptors LRP5 
and LRP6 in dendritic cells results in reduced tumor 
growth with enhanced antitumor immune responses 
(15). Although the LRP5 gene is well-recognized for 
regulating bone metabolism, its role on the immune 
system in the bone microenvironment has not been 
revealed. In this study, we examined the influence of 
LRP5+/- to explore whether immune cells participate in 
the effect of LRP5 on bone metabolism. The findings 
suggest that heterozygous deletion of the LRP5 gene 
could inhibit the differentiation of osteoblasts and alter 
the balance of immune cells, indicating that LRP5 plays 

an important role in osteoimmunology influencing bone 
homeostasis.

2. Materials and Methods

2.1. Animals

8-week-old LRP5+/- mice with a body mass of between 
20 and 30 g were purchased from the Jackson 
Laboratory. The genotype of the LRP5+/- mice was 
identified by the standard protocol provided by the 
Jackson Laboratory, and the identified primer sequences 
are listed in Table 1. The experiments were performed 
in accordance with the guidelines for the Care and Use 
of Laboratory Animals published by the US National 
Institutes of Health and approved by the local ethics 
committee. Throughout the study period, the mice were 
housed in a temperature- (23 ± 0.5°C) and humidity-
controlled (43 ± 8%) environment under a 12 h light-
dark cycle with food and water ad libitum.

2.2.  Primary osteoblast isolation and induced 
differentiation culture

Primary osteoblast cultures were prepared from post-
natal hippocampi (P0-P1) mouse pups as previously 
described (16). Briefly, cells were collected from the 
calvaria of newborn HZ or WT mice and extracted and 
digested in α-MEM which contained 0.1% collagenase 
and 0.2% dispase. The osteoblasts of each mouse were 
seeded in 6-well culture plates at a density of 5 × 105 
living cells into serum-free and phenol red-free α-MEM 
which contained 10 µg/mL streptomycin and 10 units/
mL penicillin. The osteogenic differentiation medium, 
containing serum-free and phenol red-free α-MEM, 20 
mM ascorbic acid, 1 M β-glycerophosphate disodium 
salt hydrate, and 1 mM dexamethasone, was used to 
induce the differentiation of osteoblasts until the cells 
reached 80% confluence.

2.3. Lymphocyte culture, LRP5 siRNA transfection

Spleens were harvested from 8-weeks-old WT mice, 
using aseptic scissors to cut into small pieces gently and 
then passed through cell strainers. Red blood cells were 
lysed to gain spleen lymphocytes. The femur and tibia 
were removed from mice and cleaned of muscle and 
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Table 1. Summary of oligonucleotide primers for LRP5+/- 
mice genotyping

Oligonucleotide

Common forward primer
Wild-type reverse primer
Mutant reverse primer

                Sequence* (5'-3')

CACTGCATGGATGCCAGTGAGGTG 
GCTGCCACTCATGGAGCCTTTATGC
CGCTACCGGTGGATGTGGAATGTGT

*The oligonucleotide sequences for genotyping were obtained from the 
Jackson Laboratory website: https://www.jax.org/search?q=+005823
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to detect the ALP activity with the supernatant from 
the cells handled by cell lysate according to the reagent 
instructions.

2.6. Reagents

Flow cytometry antibodies FITC-conjugated anti-
pan-NK/CD103/CD106/TCRgd, APC-conjugated 
anti-cytotoxic T lymphocyte antigen-4 (CTLA-4)/
CD62L, PE-conjugated anti-CD4/CD14/CD19/CD254, 
PEcy5.5-conjugated anti-CD3e/CD11c, APC-efluor780-
conjugated anti-CD8a, and their corresponding isotypes 
were purchased from Biolegend (San Diego, CA, USA).

2.7. Flow cytometry analysis

Splenocytes and bone marrow cells were obtained 
and 1 × 106 cells of each sample were incubated with 
chosen antibodies for 30 minutes on ice, then washed 
and resuspended in PBS which contained 0.1% sodium 
azide and 1% bovine serum albumin. The non-specific 
signal was identified by rat FITC- and PE-conjugated 
IgG isotype controls. Approximately 50,000 stained cells 
in each sample were analyzed by a CyAN ADP flow 
cytometer (Beckman Coulter, Brea, CA, USA), and each 
sample was examined twice. Data are expressed as the 
percentage of positive cells.

2.8. Statistical analysis

All data are presented as the mean ± SEM, and the 
means were statistically analyzed using Student's t-test as 
appropriate. All assays were repeated at least three times. 
Significance levels were noted as follows: *p < 0.05, **p 
< 0.01, and ***p < 0.001.

3. Results

3.1. The identification of LRP5+/- mice

The transgene identification of LRP5+/- mice was 
confirmed by the standard protocol provided by the 

connective tissue. The ends of the bones were cut, and 
bone marrow (BM) cells were flushed out with media 
using a needle attached to a syringe. Red blood cells 
were lysed to obtain BM lymphocytes. BM-derived 
lymphocytes were seeded in 6-well culture plates at 
a density of 106 cells/mL and cultured in RPMI 1640 
supplemented with 10% fetal calf serum (FCS), 1x 
penicillin/streptomycin/neomycin, and 10 mM HEPES 
buffer. A double-stranded small interfering RNA (siRNA) 
against the LRP5 transcript or the negative control 
(Shanghai GenePharma Co., Ltd., Shanghai, China) 
was transfected into lymphocytes in six-well cluster 
plates using EntransterTM-R4000 transfection reagent 
(Engreen Biosystem, Beijing, China) in accordance with 
the manufacturer's instructions. Transfected cells were 
harvested for extraction of mRNA after 24 h.

2.4. RNA extraction, reverse transfection, and real-time 
RT-PCR

For PCR analysis, total RNA was isolated with an RNA 
extraction Kit (Axygen, CA, USA) according to the 
manufacturer's protocol, and the concentration of total 
RNA was measured with a NanoDrop 2000c (Thermo, 
Fisher, MA, USA). RNA (1 µg) was converted into 
cDNA using reverse transcriptase (Promega, Madison, 
USA). RT-PCR was performed using SYBR Premix Ex 
Taq (Takara Bio, Tokyo, Japan). The cDNA levels were 
determined using the housekeeping gene GAPDH, which 
was amplified in parallel with the gene to be analyzed 
and used to normalize the results. The threshold cycle (Ct) 
values were calculated using software supplied by the 
Applied Biosystems 7900 Real-time PCR system. Primer 
sequences are listed in Table 2.

2.5. Quantitative detection of alkaline phosphatase (ALP) 
activity

5 × 105 primary osteoblasts were seeded into 6-well 
culture plates and cultured until they reached 90% 
confluence. The cells were digested with pancreatin and 
collected into a 1.5 mL EP tube. The ALP kit was used 

Table 2. The primers used in the study

Gene

LRP5
Collagen1
Runx2
Osterix
OPG
RANKL
Wnt3a
β-cateinin
C -myc
APC
GAPDH

Forward Primer

CTGTGCTGATGGGTCTGATG
TGACTGGAAGAGCGGAGAGTA
GACAGTCCCAACTTCCTGTG
GCTCGTAGATTTCTATCCTC
CCTTGCCCTGACCACTCTTAT
CAAGATGGCTTCTATTACCTGT
CTCCTCTCGGATACCTCTTAGT
ATCACTGAGCCTGCCATCTG
CAGCTGCTTAGACGCTGGATT
TTGTGGAATCTCTCAGCAAGAA
GTTGTCTCCTGCGACTTCA

LRP5: low density lipoprotein receptor-related protein-5; Runx2: runt-related transcription factor 2; OPG: osteoprotegerin; RANKL: nuclear 
factor-κ B ligand; APC: Adenomatous Polyposis Coli.

Forward Primer

CTGTGCTGATGGGTCTGATG
TGACTGGAAGAGCGGAGAGTA
GACAGTCCCAACTTCCTGTG
GCTCGTAGATTTCTATCCTC
CCTTGCCCTGACCACTCTTAT
CAAGATGGCTTCTATTACCTGT
CTCCTCTCGGATACCTCTTAGT
ATCACTGAGCCTGCCATCTG
CAGCTGCTTAGACGCTGGATT
TTGTGGAATCTCTCAGCAAGAA
GTTGTCTCCTGCGACTTCA
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Jackson Laboratory (Stock Number 005823, Strain 
Name: B6.129P2-Lrp5 tm1Dgen /J). The expected 
products' sizes of heterozygote were 218bp and 405bp 
(Figure 1). The mRNA expression level of LRP5 was 
lower in the HZ mice than in the WT mice (Figure 2A).

3.2. Heterozygous deletion of LRP5 gene decreased 
ALP activity and inhibited the differentiation of 
osteoblasts in vitro

WT and HZ mice were used and the mRNA expression 
level of Runx2 and Osterix were detected as important 
transcriptional molecules in differentiation of 
osteoblasts. The mRNA levels of the Osterix gene was 
inhibited while the Runx2 gene was increased in LRP5+/- 
mice (Figure 2A). Heterozygous deletion of the LRP5 
gene could increase the mRNA expression levels of 
RANKL and decrease the mRNA levels of OPG, while 
it showed no effect on the modulation of collagen1 
(Figure 2A). After 7 days of cell differentiation culture 
to analyze vitality, the result showed that the ALP 
activity of HZ mice was decreased compared with WT 
mice (Figure 2B).

3.3. Heterozygous deletion of LRP5 gene in mice 
modulated the innate immune cells

Myeloid progenitors for osteoclasts can also differentiate 

into dendritic cells (DC) and macrophages, suggesting 
a close relationship of osteoclasts to cells of the 
innate immune system. Then we explored whether 
heterozygous deletion of LRP5 gene could modulate the 
profile of innate immune cells in the spleen and bone 
marrow. Compared with WT mice, the percentage of 
NK cells increased in the HZ mice (Figure 3A and 3B), 
while the percentage of γδT cells showed no difference 
in the two groups in both spleen and bone marrow 
(Figure 3C). The proportion of CD14+ cells increased 
in the spleen of HZ mice while there was no significant 
change in the bone marrow (Figure 3D and 3E). In HZ 
mice, we found that the CD11c+ cells were increased in 
the spleen, while decreased in the bone marrow (Figure 
3F and 3G).

3.4. Heterozygous deletion of the LRP5 gene in mice 
regulated the balance of T cells while had no effect on 
B cells

Skeletal homeostasis is dynamically influenced by the 
immune system. Bone destruction is attributable to 
excessive bone resorption by osteoclasts, the formation 
of which is directly and indirectly regulated by T cells. 
We found that heterozygous deletion of the LRP5 gene 
could increase the percentage of CD4+ T cells in the 
spleen, and increase CD8a+ cells in both spleen and 
bone marrow (Figure 4A-4D). Further analysis of the 
immunophenotype of LRP5+/- mice showed that the 
CD62L+ cells decreased in the spleen while increased in 
the bone marrow in HZ mice (Figure 4E-4G), and the 
CD3e+ cells increased in both spleen and bone marrow 
in HZ mice compared to WT mice (Figure 4H, 4I). B 
cells are the main source of OPG in the bone marrow, 
but our result found no significant change in both 
spleen and bone marrow after heterozygous deletion of 
the LRP5 gene (Figure 4J).

3.5. Heterozygous deletion of LRP5 gene in mice 
regulated the functional immune cells to modulate 
osteoimmunology

RANK and its ligand (RANKL; also known as CD254, 
OPGL, and TRANCE) are key regulators of bone 

Figure 2. Heterozygous deletion of LRP5 gene impaired the 
viability of osteoblasts and inhibited the differentiation of 
osteoblasts in vitro. (A) LRP5+/- affected mRNA expression 
of osteoblastogenesis-related genes, including Runx2, Osterix, 
Collagen I, OPG, and RANKL. (B) The ALP activity of 
osteoblasts was determined after 7 days of culture. *p < 0.05. 
All results are expressed as the mean ± SEM, and data are 
representative of at least three experiments.

Figure 1. The gene identification of LRP5+/- mice. (A) The master protocol details provided by the Jackson Laboratory. (B) The 
expected results of mice. Mutant = 405 bp, Heterozygote = 218 bp and 405 bp, Wild type = 218 bp. (C) The gel image of PCR 
products.



www.biosciencetrends.com

BioScience Trends. 2018; 12(3):266-274.270

remodeling, mammary gland formation, lymph node 
development, and T-cell/dendritic cell communication. 
Here we found that the percentage of CD254+ cells was 
increased in the spleen, while there was no significant 
change in the bone marrow in HZ mice (Figure 5A and 
5B). As CD106 is a novel mediator of bone marrow 
mesenchymal stem cells via NF-κB in the bone marrow 
of acquired aplastic anemia, we also found the CD106+ 
cells increased in the spleen while they decreased in 
the bone marrow in HZ mice compared to WT mice 

(Figure 5C and 5D). The enhanced osteogenesis of 
mesenchymal stem cells (MSCs) modified by cytotoxic 
T lymphocyte-associated antigen 4 (CTLA4) has been 
shown in previous studies. The heterozygous deletion of 
the LRP5 gene could evidently increase CTLA4+ cells 
in bone marrow (Figure 5E). CD103 is a representative 
molecular of dendritic cells as well as a hallmark of 
tumor-infiltrating regulatory T cells and modulates 
immune inflammatory disease. In this study we found 
there was no significant difference of the CD103+ cells 

Figure 3. Proportion of innate immune cells in the spleen and bone marrow of LRP5+/- mice. (A) Flow cytometry of NK cells 
from each group. (B) Frequency of NK cells in mice as in A. (C) Frequency of γδT cells in each group. (D) Flow cytometry of 
CD14+ cells from spleen. (E) Frequency of CD14+ cells in each group. (F) Flow cytometry of CD11c+ cells from each group. (G) 
Frequency of CD11c+ cells in mice as in F. *p < 0.05. All results are expressed as the mean ± SEM, and data are representative of at 
least three experiments.

Figure 4. Heterozygous deletion of LRP5 gene regulated the balance of T cells. (A) Flow cytometry of CD4+  and CD8+  T 
cells in spleen from HZ mice and WT mice. (B) Flow cytometry of CD8+  T cells in bone marrow from HZ mice and WT mice. 
(C,D) Frequency of CD4+  and CD8+  T cells in mice as in A and B. (E,F) Flow cytometry of CD62L+  cells from each group. (G) 
Frequency of CD62+  cells in mice as in E and F. (H) Flow cytometry of CD3e+  cells from each group. (I) Frequency of CD3e+ cells 
in mice as in H. (J) Frequency of CD19+  B cells from each group. *p < 0.05. All results are expressed as the mean ± SEM, and data 
are representative of at least three experiments.
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in two groups of mice (Figure 5F).

3.6. Wnt signaling pathway involved in the modulation 
of immune system with silencing of LRP5 by specific 
small interfering RNA

As LRP5 gene plays the part of co receptor in the 
Wnt signal, we examined whether the Wnt signaling 
pathway is involved in the regulation of immune system 
with low expression of LRP5. We found the mRNA 
levels of Wnt3a, β-catenin, and c-myc were decreased 
and the mRNA level of APC was increased in spleen 
lymphocytes treated with LRP5 siRNA compared with 
NC (Figure 6A). The mRNA levels of β-catenin, and 
c-myc were also decreased and the mRNA level of APC 
was increased in the bone marrow lymphocytes treated 
with LRP5 siRNA compared with NC, while the mRNA 
level of Wnt3a had no significant change (Figure 6B).

4. Discussion

The immune system and skeletal system share a 
variety of molecules, including cytokines, chemokines, 
hormones, receptors, and transcription factors. Bone 

cells interact with immune cells under physiological 
and pathological conditions (17). In the present study, 
we found LRP5+/- could inhibit the differentiation of 
osteoblasts and then investigated the immune cells in 
the spleen and bone marrow in LRP5 HZ mice, the 
findings can be summarized as follows: heterozygous 
deletion of the LRP5 gene can modulate the balance 
of T cells and innate immune cells in spleen and bone 
marrow congruously, such as increasing CD8+ T cells, 
CD4+ T cells, NK cells, total CD3e+ cells, CD14+ cells, 
CD106+ cells, CD11c+ cells and CD254+ cells in spleen; 
and there are some other change trends in bone marrow, 
with increasing the percentage of NK cells and CD3e+ 
cells, CD8+ cells and CD62L+ cells, while decreasing 
the percentage of CD106+ cells, CD11c+ cells; and there 
is no effect on the levels of B cells in both spleen and 
bone marrow.
 LRP5 is the key mediator of β-catenin dependent 
Wnt signaling. However, very little is known about 
their specific roles in regulating bone-metabolism gene 
expression in osteoblasts. The OPG/RANKL/RANK 
system plays an important role in regulating the balance 
of osteoblast and osteoclast activity, preventing bone 
loss and ensuring normal bone regeneration (18,19). 
Both Runx2 and Osterix are important transcription 
factors in the process of osteoblast differentiation, 
Runx2 is expressed in the early stages of osteoblast 
differentiation, while Osterix is expressed in the late 
stage (20). The results that the mRNA expression of 
Runx2 was increased while Osterix was decreased in 
the LRP5+/- mice revealed that heterozygous deletion 
of the LRP5 gene could induce the differentiation 
disorder in the late stage. The results that the activity of 
ALP in LRP5+/- mice was inhibited and the osteoblast 
differentiation related-genes were changed indicates that 
LRP5 participates in the modulation of Osteoporosis.
 In previous studies, osteoimmunology was created 
as a new interdisciplinary field in large part to highlight 

Figure 5. Heterozygous deletion of the LRP5 gene regulated the functional immune cells. (A) Flow cytometry of CD254+ 
T cells in the spleen from HZ mice and WT mice. (B) Frequency of CD254+ from each group. (C) Flow cytometry of CD106+ 
cells from each group. (D) Frequency of CD254+ cells in mice as in C. (E,F) Frequency of CTLA4+ cells and CD103+ from each 
group. *p < 0.05. All results are expressed as the mean ± SEM, and data are representative of at least three experiments.

Figure 6. Silencing LRP5 by specific small interfering RNA 
regulated Wnt signaling molecules of lymphocytes. The 
mRNA expression levels of Wnt3a, β-catenin, c-myc and APC 
in the WT spleen (A) and the bone marrow (B) lymphocytes 
treated with LRP5 siRNA or NC. *p < 0.05. All results are 
expressed as the mean ± SEM, and data are representative of at 
least three experiments.
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the shared molecules and reciprocal interactions 
between the two systems in both health and disease 
(21). The ratio of NK cells in LRP5+/- mice is higher 
suggesting that NK cells are in an activation form 
and have the ability to produce an immune response, 
while NK cells may play a role in bone formation and 
bone loss. Myeloid progenitors for osteoclasts can also 
differentiate into DCs and macrophages, suggesting a 
close relationship of osteoclasts to cells of the innate 
immune system (22). Previous studies have implicated 
that γδ T cells can be activated and inhibit osteoclast 
differentiation and absorptive activity in animal 
models of rheumatoid arthritis (RA). Interestingly, 
both human and mouse CD11c+ DC can differentiate 
into osteoclasts in vitro and mouse DC can contribute 
to osteoclast formation in vivo (23,24). As we found 
CD11c+ cells were increased in spleen and decreased 
in bone marrow, while the γδ T cells had no influence 
on the LRP5+/- mice, this indicated the LPR5 gene may 
modulate osteoclast formation but have no effect on the 
differentiation of osteoblasts. 
 The stimulation and inhibition roles of T cells to 
osteoblasts and osteoclasts are closely related to the 
subsets of T cells, cytokines and local factors. The 
activation of CD8+ T cells in bone and the immune 
system plays a key role in maintaining the balance 
of osteoclasts-osteogenesis (25,26). Activation of 
CD4+ T cells can directly secrete soluble RANKL, 
TNF-α or IL-1, IL-6 and IL-17 to promote the 
formation of osteoclasts in inflammation diseases, 
such as rheumatoid arthritis, periodontitis, congenital 
adrenocortical hyperplasia and osteoporosis (27,28). 
Part  of the TCR-CD3 complex present on the 
T-lymphocyte cell surface plays an essential role in 
the adaptive immune response (29). In our study, we 
found that LRP5+/- increased the proportion of CD4+ T 
cells, CD8+ T cells and CD3e+ cells, while there was 
no effect on B cells, this change in LRP5+/- mice may 
indicate that LRP5 could disturb the balance of T cells 
to promote the development of OP.
 Neutrophilia is a normal response of an organism 
during inflammation. Various mechanisms are involved 
in the appearance of this response, including release 
of neutrophils from the bone marrow as well as 
demargination. Down-regulation of the CD62L antigen 
is regarded as a possible mechanism for neutrophilia 
during inflammation (30,31). We found the expression 
of CD62L was decreased in spleen and increased in 
bone marrow, indicating LRP5+/- might influence the 
inflammatory reaction to promote the OP.
 The current hypothesis of the immune system 
regulating bone formation and bone resorption is linked 
to the discovery of RANK and its ligand RANKL 
(also known as CD254). RANKL and RANK increase 
the rolls of DCs, stimulate the proliferation of initial 
T cells, and improve the survival of DCs (32,33). We 
found the CD254+ cells were increased in spleen in 

LRP5+/- mice, indicating that LRP5+/- could impact 
bone resorption. CD106 is a marker of placental 
chorionic mesenchymal stem cells with strong immune-
modulatory function, and mesenchymal stem cells can 
differentiate into osteoblasts (34). It has been suggested 
that activation of the immune system by T cells has 
a negative impact on the reconstruction of bone 
within bone defects. As a vital co-inhibitory molecule 
expressed on activated T cells, CTLA4 can block the 
B7-CD28 co-stimulatory pathway to induce immune 
tolerance (35). CD103+ dendritic cells can combine 
with CD4+ T cells to initiate the classical RANKL/
RANK osteoclast signaling pathway and participate in 
the formation of osteoporosis (36). In our study, LRP5+/- 
could disturb the percentage of CD106+ cells in spleen 
and bone marrow, and increase the CTLA4+ cells while 
having no effect on CD103+ cells. These functional 
immune cells may participate in osteoimmunology by 
modulated LRP5.
 Increasing evidence indicates that Wnt/β-catenin 
signaling promotes some disease progression such as 
cancer and autoimmune disease by regulating dendritic 
cells, T cells, NK cells and tumor cells. Modulating the 
expression of LRP5 could influence the Wnt signal and 
the balance of immune cells directly. We propose that 
targeting Wnt/β-catenin signaling would potentially 
modulate the immune system to regulate bone 
metabolic disease.
 In summary, we report in the present study that 
LRP5+/- can influence the differentiation of osteoblasts 
and disturb the balance of immune cells by modulating 
the Wnt signing pathway. This induction involves an 
increased percentage of NK/CD3e+/CD14+/CD106+/
CD11c+/CD4+/CD254+/CD8a+ cells in the spleen of 
LRP5+/- mice (Figure 7). Thus, the role of LRP5 should 
be investigated further to examine the pathogenesis of 
osteoimmunology.

Figure 7. Schematic diagram of heterozygous deletion of 
the LRP5 gene. Inhibition of the Wnt signal by heterozygous 
deletion of the LRP5 gene influences the formation of bone 
mass through influencing the differentiation of osteoblasts, 
accompanied by disturbance of the balance of immune cells 
with an increased percentage of NK/CD3e+/CD14+/CD106+/
CD11c+/CD4+/CD254+/CD8a+ cells and decreased CD62L+ 
cells in the spleen.
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Mongolian Medicine echinops prevented postmenopausal 
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1. Introduction

Osteoporosis (OP) is a metabolic bone disease 
characterized by low bone mass and the destruction of 
the microstructure of bone tissue, leading to increased 
bone fragility and easy to fracture (1,2). OP is the sixth 

most common chronic diseases in humans (3). It was 
divided into two types: primary OP and secondary OP 
(4,5). Primary OP can be divided into two subtypes, 
namely Type I and Type II. Type I is postmenopausal 
osteoporosis (PMOP), which occurs in postmenopausal 
women (6,7). Type II is senile osteoporosis, most 
commonly seen in the elderly over 60 years old. About 
200 million people worldwide suffer from osteoporosis, 
of which postmenopausal women account for 1/3 (8,9). 
The overall incidence of OP in Chinese population 
over 60 is 22.6%, with 15% for males and 28.6% for 
females, with a trend of increasing year by year (10). The 
incidence of OP in the United States is also quite high, 
about 20,000 cases of OP fractures, and 65,000 cases 

Summary Hormone replacement medicine such as traditional Chinese medicine has proven to be 
effective in decreasing the risk of osteoporosis. Mongolian medicine echinops prevents 
osteoporosis, but its mechanism remains unclear. In this study, we explored the mechanism 
underlying echinops prevents and treats postmenopausal osteoporosis. Osteoporosis model 
was established by ovariectomy in rats. Rats were treated to Echinops (16.26, 32.5, or 65 mg/
kg/day) by oral gavage for 3 months. Bone mineral density (BMD) was detected by micro-
CT detection of left proximal medial metaphyseal tibia. Hematoxylin and eosin (H&E) and 
toluidine blue O staining were also performed. Serum levels of E2, ALP and testosterone 
were examined. Bone marrow-derived bone marrow stem cells (BMSCs) were isolated and 
treated with echinops-containing serum. Estrogen receptors (ER) including ERα and ERβ in 
bone specimens and BMSCs were detected by qRT-PCR. Cell viability and colon formation 
of BMSCs were detected. Expressions of ERα, ERβ, AKT, p-AKT, ERK, and p-ERK in 
BMSCs were detected by western blot. Results showed that echinops significantly increased 
trabecular interconnectivity, thickness of trabeculae, and connection of trabecula. Echinops 
significantly increased BMD and E2, but significantly reduced ALP and testosterone in dose-
dependent manners. Echinops induced ERα and ERβ in both bone specimens and BMSCs. 
Echinops enhanced cell viability and ability of colony formation of BMSCs, and increased 
ERα, ERβ, p-AKT, and p-ERK. Thus, Mongolian echinops reduced bone loss and delayed the 
occurrence and development of osteoporosis, and increased ERα, ERβ, p-AKT, and P-ERK 
in BMSCs. These results provide experimental basis for clinical prevention and treatment of 
postmenopausal osteoporosis by echniops.
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died due to OP each year (11).
 PMOP occurs in 5 to 10 years after menopause in 
women, most of whom have an increased bone turnover 
rate, due to fluctuations or gradually reduced in the 
level of estrogen. In post-menopausal 5-7 years, women 
lose about 20% of the bone mass (12). Although most 
osteoporosis does not directly cause death, its greatest 
risk is fractures, with high morbidity and disability 
(6,11). Estrogen deficiency caused by postmenopausal 
ovarian hypofunction is recognized as an important 
cause of postmenopausal osteoporosis (13-15). Estrogen 
replacement therapy is the preferred method of 
treatment for PMOP, which can enhance bone mineral 
density (BMD) and systemic bone mineral content, and 
effectively treat postmenopausal osteoporosis (16-18). 
However, the long-term use of estrogen increases the 
risk of breast cancer, endometrial cancer, cardiovascular 
accident and vascular embolism (19). In recent years, 
the prevention and treatment of PMOP by traditional 
Chinese medicine is attracting more and more attention 
(20,21). It is of great significance to find an estrogen 
replacement medicine for the prevention and treatment 
of postmenopausal osteoporosis in traditional medicine.
 Mongolian medicine echinops was introduced in the 
canon of Mongolian Medical "Wisdom Ancientmirror". 
It functions as strengthening bone, reuniting bone, 
and callus (22). In recent year, it was showed that 
echinops decreased the serum level of bone Glp protein 
and inhibited osteoporosis in ovariectomized (OVX) 
rats (23). Post-surgery 90 days, the OVX rats were 
filled the stomach with echinops for 90 days and then 
the serum level of alkaline phosphatase (ALP) were 
significantly increased and serum level of interleukin-1 
was significantly reduced (24). After successes of the 
osteoporosis, OVX rats were feed 90 days and then filled 
the stomach with echinops for 90 days, then BMD and the 
maximum deflection of bone were increased compared 
with OVX rats (25). These results implied that Mongolian 
echinops can inhibit the bone absorption and promote the 
bone formation, decreasing bone turnover, reducing bone 
loss, delaying the occurrence and development of PMOP. 
However, the mechanism underlying echinops prevents 
and treats PMOP is still unclear.
 In this study, we aimed to explore the roles of 
estrogen receptors (ER; ERα and ERβ), p-AKT, and 
p-ERK in BMSCs during echinops prevents and treats 
postmenopausal osteoporosis.

2. Materials and Methods

2.1. Animals and treatments

A total of 84 SPF healthy female Wistar rats (250 ± 20 
g, 4 months) were purchased from the animal research 
center of Inner Mongolia University, China (certification 
number: SCXK (Mongolia) 2012-0001). The rats 
received ad libitum access to standard chow pellets 

and water in 24°C, 50-60% humidity. This study was 
approved by animal ethics committee of Inner Mongolia 
University. After 7 days in new environment, the rats 
were anesthetized by intraperitoneal injection of 40 mg/
kg pentobarbital sodium (P3761, SIGMA-ALDRICH, 
USA), shaved off the hair on the bilateral dorsal regions 
for OVX surgery (26). The ovaries were exposed by a 2 
mm incision and resected with surgical scissors. Then, 
other exposed tissues were repositioned and incision 
was sutured with 3.0 silk threads in a routine fashion. 
Intraperitoneal injection of penicillin was administrated. 
Rats in sham groups was incision without ligation of 
ovaries artery.
 Post-surgery 3 months (26), animals were treated to 
echinops (16.26, 32.5, or 65 mg/kg/day) by oral gavage 
for 3 months as previously reported (25). Echinops 
was prepared as below: weigh 500 g of dried echinops 
at 75°C, mixed with 10-time water, decocted for 1 h 
and filtrated; the slag was decocted with same volume 
water and filtrated again; the two filtration solutions 
were collected and concentrated to 500 ml to obtain 
1g/mL echinops stock solution. The rats in OVX and 
sham groups received PBS daily. E2 treatment (E2758, 
SIGMA-ALDRICH) was set as positive control. After 
3 months, the rats were euthanized by intraperitoneal 
injection of 40 mg/kg pentobarbital sodium, whole blood 
was collected from the heart through cardiac puncture, 
and the femur medial malleolus specimens were selected 
at 1 mm under the epiphyseal plate. After centrifuged 
at 3,000 rpm for 10 min, serum samples were collected, 
filtered with 0.22 μm filter, and stored at -20°C for 
subsequent experiments.

2.2. Hematoxylin and eosin (H&E) and toluidine blue O 
staining

The femur bones were fixed in 10% neutral buffered 
formalin solution for 48 h, dehydrated in graded ethanol 
(70-100%, cleared in xylene, embedded in paraffin, and 
sectioned into 5 μm. For H&E staining, sections were 
stained with hematoxylin for 3-8 min and eosin for 1-3 
min. For toluidine blue O staining, sections were rinsed 
in toluidine blue O solution for 1 min. The images were 
observed by Olympus BX51 light microscopy (Olympus, 
Japan).

2.3. Micro-computed tomography (micro-CT) detection

Micro-CT of left proximal medial metaphyseal tibia 
were acquired using Scanco Μct35 scanner (Scanco, 
Switzerland) at 70 KVp, 114 μA for 800 ms. Bone 
mineral density was evaluated based on the micro-CT 
results.

2.4. Serum levels of E2, ALP, and testosterone

After centrifuged at 3,000 rpm for 10 min, serum samples 
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were seeded in 6-well plates at 8 × 104 cells/well with 
echinops-containing serum for 13 days. Then, cells were 
fixed with 4% paraformaldehyde and stained with 0.1% 
crystal violet.
 
2.8. Western blotting

Protein was extracted using RIPA (Beyotime, China) 
with PMSF (1:100) at 4℃ for 30 min, and quantified 
by BCA assay (#23227, Thermo, USA). 30 µg protein 
was separated by 8%SDS-PAGE and transferred to 
PVDF membranes (IPVH00010, Millipore, USA). 
The membrane was incubated with 5% non-fat milk 
for 30 min, and incubated with primary antibodies 
ERα (1:2,000), ERβ (1:4,000), AKT (1:1,500), p-AKT 
(1:1,000), ERK (1:1,000), p-ERK (1:2,000), and 
GAPDH (1:10,000) antibody at room temperature for 
1 h, and then incubated with HRP goat anti-rabbit IgG 
secondary antibody (1:20,000, BOSTER, China) at 
room temperature for 40 min. The blots were detected 
using Immobilon Western CHEMILUM HRP Substrate 
(WBKLS0500, Millipore, USA), and light-producing 
reactions are captured with X-ray film.

2.9. Statistical analysis

Data were expressed as mean ± standard deviation, and 
compared using one-way analysis of variance (ANOVA) 
followed by Tukey's multiple comparison test. Statistical 
analyses were performed using the SPSS 10.0 software 
(SPSS, USA). Significance was considered at p < 0.05.

3. Results

3.1. Echinops increased BMD and E2, but reduced ALP 
and testosterone in dose-dependent manners

BMD at 90 days post-treatment was analyzed by 
micro-CT (Figure 1A). Compared with sham group, a 
significant reduction in BMD of cortical bone in OVX 
group was observed (p < 0.01). 16.25 mg/kg echinops 
not significantly increased the trabecular BMD, whereas 
32.5 mg/kg (p < 0.05), 65 mg/kg (p < 0.001) and E2 
significantly increased the BMD of trabecular bone in 
comparison to the untreated OVX rats.
 The rats in OVX group showed lower level of E2 
(p < 0.01, Figure 1B), and higher levels of ALP (p < 
0.01, Figure 1C) and testosterone (p < 0.01, Figure 
1D) than sham group. 16.26 mg/kg echinops not 
significantly changed the levels of E2 and testosterone, 
but significantly inhibited ALP level (p < 0.01) in 
comparison to the OVX group. 32.5 mg/kg and 65 mg/kg 
echinops significantly increased E2 level but decreased 
levels of ALP and testosterone in OVX rats (Figure 1B-
D). There was not significant difference in ALP level 
between 32.5 mg/kg and 65 mg/kg treatment groups 
(Figure 1C).

were collected and stored at -20°C until enzyme-linked 
immunosorbent assay (ELISA) detection. The levels of 
E2 (CSB-E05108h, CUSABIO), ALP (A059-2, Nanjing 
Jiancheng Bioengineering Institute), and testosterone 
(05099h, CUSABIO) were determined by commercially 
ELISA kits according to manufacturer's instruction using 
an Multiskan microplate reader (Thermo, USA).

2.5. qRT-PCR detection

Total RNA from bone specimens were extracted using 
Trizol (Takara, Japan). The RNA quality and quantity 
were examined using Nanodrop 1000 spectrophotometer 
(NanoDrop, USA). RT reaction was performed 
using Bestar qPCR RT kit (ABI, USA) according to 
manufacturer's instruction on ABI9700 PCR system 
(ABI, USA). The PCR reaction was performed using 
DBI Bestar® SybrGreen qPCRmasterMix (ABI, 
USA) on Stratagene Mx3000P Real time PCR system 
(Agilent, USA) according to manufacturer's instruction. 
The primer was listed below (5'-3'): R-GADPH 
Forward CCTCGTCTCATAGACAAGATGGT, 
reversed GGGTAGAGTCATACTGGAACATG; 
ERα Forward  AAGAAGAATAGCCCCGCCC, 
reversed GCCAGGTTGGTCAATAAGCC; ERβ 
Forward ATGCCCTGGTCTGGGTGAT, reversed 
CCCCGAGATTGAGGACTTGT. Glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) was used as 
internal control. Relative expression was calculated using 
2−ΔΔCt method and normalized to sham group.

2.6. Bone marrow-derived bone marrow stem cell 
(BMSC) isolation and flow cytometry identification

The rat femur was rinsed in PBS containing 1% 
penicillin-streptomycin. After removal of both ends in 
joints, the bone was rinsed in DMEM with low glucose 
by a syringe until the bone pale. The mediums were 
collected and centrifuged at 800 rpm for 5 min. Cells 
were resuspended into DMEM with low glucose and 
cultured in incubator at 37°C, 5%CO2. After 48 h, cells 
were stained with primary antibodies of CD29 (ab179471, 
Abcam, USA), CD90 (ab216449, Abcam), CD45 
(ab10558, Abcam), CD11b (ab128797, Abcam), and 
FITC-conjugated secondary antibody (ab6717, Abcam) 
in the darker for 30 min. The CD29, CD90, CD45, 
CD11b positive cells were analyzed using Epics-XL II 
flow cytometry (Beckman Coulter, USA).

2.7. Cell viability and colon formation

Cell viability was detected with a cell counting-8 kit 
(CCK-8, Beyotime, China). Cells (5x105 cells) were 
seeded in 96-well plates and incubated with echinops-
containing serum for 24, 48 and 72h. Then, CCK-8 
was added and the absorbance was detected at 450 nm 
on microplate reader. For colon formation assay, cells 
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 Thus, echinops increased BMD and level of 
E2, but decreased levels of ALP and testosterone in 
concentration- dependent manners.

3.2. Echinops induced expression of ERα and ERβ

To detect the role of echinops on ERα and ERβ 
expression, qRT-PCR assays were performed (Figure 2). 
Compared with sham group, a significant decrease in 
ERα and ERβ mRNA expressions were shown in OVX 

rats (Figure 2A and B). Echinops administrated at 16.26, 
32.5 and 65 mg/kg significantly increased ERα and ERβ 
expressions in comparison to OVX group, showing a 
dose-dependent manner (Figure 2A and B).

3.3. Echinops inhibited osteopenia induced by OVX

After surgery for 90 days (26), rats in sham and OVX 
group were treated with echinops (32.5 mg/kg) or E2 
for 90 days. Then, rats were euthanized and bones were 
collected. HE and toluidine blue O stainings showed a 
typical osteopenia with widened intertrabecular spaces, 
loss of trabecular bone thickness and interconnectivity 
in OVX group, compared with sham group (Figure 
3). Echinops or E2 treatment significantly increased 
trabecular interconnectivity, thickness of trabeculae, and 
connection of trabecula, compared with OVX group, 
suggesting echinops inhibited the osteopenia induced by 
OVX (Figure 3).

3.4. Isolation and identification of BMSCs

To explore the mechanism in echinops treated 
osteoporosis, BMSCs were isolated and identified by 
flow cytometry of CD29, CD90, CD45, and CD11b. 
There were 90.6% isolated-cells positively expressed 
CD29 (Figure 4A), 93.8% positively expressed CD90 
(Figure 4B), but only 4.5% positively expressed CD45 
(Figure 4C), only 1.3% positively expressed CD11b 
(Figure 4D). These results suggested the isolated cells 
were almost BMSCs.

3.5. Echinops enhanced cell viability and ability of 
colony formation of BMSCs

To evaluate role of echinops in cell proliferation of 
BMSCs, cell viability (Figure 5A) and colony formation 
(Figure 5B and C) were performed. Echinops-containing 
serum (65 mg/kg) significantly increased cell viability 
(Figure 5A). Moreover, echinops-containing serum 
significantly increased colony formation of BMSCs in 
a dose-dependent manner (p < 0.01 at 16.26 and 32.5 
mg/kg, and p < 0.001 at 65 mg/mg, Figure 5B). These 

Figure 3. Echinops inhibited osteopenia induced by OVX. After surgery for 90 days, rats were treated with echinops (32.5 mg/
kg) or E2 for 90 days. HE and toluidine blue O staining were performed. 200X; arrow heads: loss of interconnectivity; arrow: 
trabecular bones.

Figure 1. Micro-CT detection of bone mineral density 
(BMD) and Elisa detection of E2, ALP, testosterone levels. 
After surgery for 90 days and treatment for 90 days, (A) micro-
CT was performed. Serum E2 (B), ALP (C), and testosterone (D) 
levels were detected by ELISA. Low: 16.26 mg/kg; middle: 
32.5 mg/kg; high: 65 mg/kg. *p < 0.05, **p < 0.01, ***p < 0.001, 
n.s: not significant by ANOVA test.

Figure 2. Effects of echinops on ERα and ERβ expression. 
After surgery for 90 days and treatment for 90 days, qRT-
PCR detection of ERα mRNA (A) and ERβ mRNA (B). Low: 
16.26 mg/kg; middle: 32.5 mg/kg; high: 65 mg/kg. *p < 0.05, 
**p < 0.01, ****p < 0.001 by ANOVA test.
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results suggested echinops-containing serum induced cell 
proliferation of BMSCs in a dose-dependent manner.

3.6. Echinops increased ERα, ERβ, p-AKT, and P-ERK 
in BMSCs

To explore the mechanism in echinops treated 
osteoporosis, expressions of ERα, ERβ, AKT, p-AKT, 
ERK, and p-ERK in BMSCs after echinops-containing 
serum treatment were examined (Figure 6). After 
treatment of Echniops-containing serum, ERα and 
ERβ levels were significantly increased compared 
with control BMSCs (Figure 6A and B). Moreover, the 
phosphorylations of AKT and ERK were significantly 
induced in a dose-dependent manner (Figure 6C and D).

4. Discussion

In this study, it was demonstrated that echinops functions 
like estrogen. It can effectively prevent and treat PMOP. 
Administrating echinops to ovariectomy-induced 
PMOP model, the BMD and serum level of E2 were 
increased, serum levels of ALP and testosterone were 
decreased. Echinops induced expression of ERα and 
ERβ in OVX rats. The mechanism in echinops prevented 
PMOP was explored by treating isolated BMSCs 
with echinops-containing serum. Echinops-containing 
serum significantly increased cell viability and colony 
formation of BMSCs, and increased ERα, ERβ, p-AKT, 
and P-ERK in BMSCs.
 Rats are the most used model animal in the studies 
of osteoporosis so far (14,27). After ovariectomy in 
female rats, bone turnover accelerated, bone loss and 
bone strength decreased, which was similar to that of 
people after menopause (28). Using OVX model, it is 

Figure 4. Identification of BMSCs isolated from rats. Flow 
cytometry detection of (A) CD29, (B) CD90, (C) CD45 and 
(D) CD11b on isolated cells were performed.

Figure 5. Effects of echinops-containing serum on cell 
viability and colony formation. BMSCs were treated with 
Echniops-containing serum that collected from rats administrated 
with 16.26 (low), 32.5 (middle), and 65 (high) mg/kg echinops. 
(A) Cell viability. (B, C) Colony formation. *p < 0.05, **p < 0.01, 
***p < 0.001 vs. control.

Figure 6. Effects of echinops-containing serum on 
expressions of ERα, ERβ, AKT, p-AKT, ERK, and P-ERK 
in BMSCs. BMSCs were treated with Echniops-containing 
serum that collected from rats administrated with 16.26 (low), 
32.5 (middle), and 65 (high) mg/kg echinops. (A) ERα mRNA. 
(B) ERβ mRNA. (C) ERα, ERβ, AKT, p-AKT, ERK, and 
p-ERK. (D) Quantification of western bolts. *p < 0.05, **p < 0.01 
vs. control.
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easy to observe the effect of aging on bone tissue, the 
distribution and reconstruction of cancellous bone in 
rats and trabecular bone reconstruction of lamellar bone 
that similar to human (28). In the present study, a PMOP 
animal model was established in ovariectomized rats. 
The ovaries were artificially removed and the estrogen 
deficiency was induced in rats. The ERα and ERβ levels 
were also decreased. After 3 months, osteoporosis model 
was successfully replicated in OVX rats as previously 
described (26). 
 Estrogen is recognized drug in the prevention and 
treatment of PMOP, and diethylstilbestrol (E2) is a 
synthetic non-steroidal estrogen which can produce 
pharmacological and therapeutic effect similar to natural 
estradiol, and significantly reduce the ovariectomy-
induced high bone turnover and -reduced bone resorption 
(29,30). Therefore, this study selected E2 as a positive 
control drug to validate the mechanism of Mongolian 
medicine echinops in PMOP treatment. Similar effects to 
E2 was demonstrated in this study.
 After menopause, women's estrogen levels decreased 
significantly, estrogen through the estrogen receptor (ER) 
directly effect on the osteoblast and osteoclasts, lead 
to imbalance of bone resorption and bone formation, 
resulting in reduced bone mass and BMD, increased 
bone fragility and the occurrence of osteoporosis (31,32). 
The decrease of estrogen level and the decrease of the 
expression of ER in bone tissue are one of the most 
important pathogenesis. Estrogen can directly stimulate 
osteoblasts formation, inhibit osteoclasts activity, and 
regulate and control the balance of bone formation and 
bone resorption through ER. ER is expressed in both 
osteoblasts and osteoclasts (33,34). Osteoclasts is a very 
active metabolic giant multinucleated cells, recruited 
in the bone surface, and played important role in bone 
resorption and formation of lacuna through release of 
enzyme and acidic substances such as ALP to dissolve 
the bone matrix (34,35). Osteoblasts can synthesize 
the basic bone material, induces the formation of bone 
(33). The combination of estrogen and ER in osteoclasts 
induces the apoptosis of osteoclasts and osteoclasts 
precursors, reduces the number of osteoclasts. On the 
other hand, the combination of estrogen and ER in 
osteoclasts inhibited the recruitment and differentiation 
of osteoclasts precursors. In addition, estrogen regulated 
by osteoprotegerin/osteoprotegerin ligand (OPG/OPGL) 
system (36). The decline in estrogen levels results in a 
dysregulated ratio of osteoprotegerin/osteoprotegerin 
ligands leading to PMOP (37).
 It was demonstrated that echinops decreased the 
serum level of bone Glp protein, interleukin-1, but 
increased serum level of ALP, increasing BMD, and 
inhibiting osteoporosis in ovariectomized (OVX) rats 
(23-25). Activation of ERK/PI3K plays important role in 
ER-mediated cell proliferation (38). Daidzein stimulated 
osteogenesis was mediated by both ERα and ERβ, and 
activation of ERK/PI3K pathway (39). Consistently, the 

findings in this study showed echinops reduced ALP and 
testosterone serum levels in OVX rats, increased BMD 
and inhibited osteoporosis. In isolated BMSCs, echinops 
induced cell proliferation, increased ERα, ERβ, p-AKT, 
and P-ERK. This might associate with the enhancement 
of osteoblasts differentiation from BMSCs, inhibiting 
bone absorption and promote bone formation.
 In conclusion, Mongolian echinops reduced bone loss 
and delayed the occurrence and development of PMOP, 
and increased ERα, ERβ, p-AKT, and p-ERK in BMSCs. 
These results provide experimental basis for clinical 
prevention and treatment of PMOP by echniops.
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1. Introduction

Vascular aging has been viewed as a specific risk 
factor of cardiovascular diseases (CVD), such as 
atherosclerosis and hypertension (1-4). A complex series 
of events are involved in remodeled arterial wall with 
advanced aging, including migration and invasion of 

abnormal vascular smooth muscle cells (VSMC), which 
significantly contribute to diffuse intimal thickening and 
the onset and progression of CVD (2,3). Previous data 
on interventions in age-associated VSMC migration and 
invasion indicated modulation of decrease and delay of 
the occurrence of severe CVD (4). New classes of drugs 
are currently being tested for CVD prevention, including 
glitazones and rimonabant. However, adverse effects 
such as heart failure and depression were found during 
the application of these treatments (5). Therefore, novel 
therapy remains to be developed.
 It has been implicated that traditional Chinese 
Medicine (TCM) exerts a regulatory effect on the 
inhibition of aging, as well as the migration and invasion 
of VSMCs in diseased arteries (6-9). However, little is 
known about the effects of Buyang Huanwu decoction 

Summary The migration and invasion of vascular smooth muscle cells (VSMCs) caused by advanced 
aging play an important role in diffuse intimal thickening, facilitate adverse arterial 
remodeling and contribute to the initiation and progression of cardiovascular diseases. The 
inhibitory function of Buyang Huanwu decoction (BYHWD) has been found on aortic intimal 
hyperplasia and VSMC proliferation, but its effect on age-associated migration and invasion 
remains unknown. Here, we used an in vitro angiotensin II (Ang II)-induced senescence 
model to study the effects of serum containing BYHWD (BYHWS) on the migratory and 
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regulation on migration and invasion of senescent HA-VAMCs. In summary, our data 
demonstrated that BYHWS suppressed the migration and invasion of age-associated VSMC 
via an increase of the SIRT1 level, which provides novel insights for the therapy of age-
associated cardiovascular diseases.
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(BYHWD) on aging. BYHWD, a classic TCM 
formulation featured as Qi-tonifying, stasis-eliminating, 
and has been used for therapy of stroke for centuries 
(10,11). Interestingly, cumulative evidence revealed that 
one of the mechanisms of BYHWD on various diseases 
represents a target to vascularity (10,11). For example, 
BYHWD shows a protective effect on cerebral arteries, 
coronary arteries and pulmonary arteries, etc. (11), the 
underlying molecular mechanisms of which relies on 
its pharmacological role in anti-inflammation, anti-
oxidative, anti-apoptosis and anti- angiotensin II (Ang II) 
(12-14). Of note, it has been shown that BYHWD could 
inhibit VSMC proliferation caused by injury- or platelet-
derived growth factor (15,16). In this scenario, there is 
potential role for BYHWD to control age-associated 
migration and invasion of serum containing BYHWD 
(VSMCs). 
 Age-associated VSMC migration/invasion represents 
a complex process and is regulated by multiple factors. 
Ang II is a major inductor of VSMCs senescence, and 
has been shown to potently simulate VSMCs migration 
and invasion (17-21). In addition, inhibition of Ang II 
pathways has been shown to substantially reduce age-
associated arterial remodeling (3,4). The basement 
membrane which surrounds VSMC is cleaved by matrix 
metalloprotease (MMP) and restructured for age-
associated migration and invasion (2,3,22). Exposure 
of new VSMCs to Ang II via activation of MMP- 2 
increases the invasive capacity of old cells whereas 
MMP inhibitor reverses this effect (23,24). Emerging 
evidence points to sirtuin1 (SIRT1) as a contributer to 
the regulation of health and lifespan (25,26). It has been 
demonstrated that over-expression of SIRT1 and an 
activator of SIRT1 (e.g. resveratrol) markedly inhibits 
VSMCs migration and invasion (27,28). 
 Serum pharmacology is generally accepted as a 
standardized experimental method for use of TCM 
in in vitro experiments. Serum containing BYHWD 
(BYHWS) has been developed and described as an in 
vitro model of BYHWD treatment (29,30). To determine 
the role of BYHWS in the regulation of age-associated 
VSMCs migration and invasion, we induced human 
VSMC senescence by Ang II treatment and cultured 
VSMC in the presence or absence of BYHWS. We then 
assessed the consequences of invasion and migration 
capacities, MMP-2 expression and change of SIRT1 
signaling.

2. Materials and Methods

2.1. Animals and preparation of drug-containing serum

Male Sprague-Dawley (SD) rats, aged 6-8 weeks, were 
purchased from Guangdong Medical Laboratory Animal 
Center (Guangzhou, China). All rats were caged under 
conditions of temperature control with water and food 
ad libitum. The experimental procedures and protocols 

were approved by the Institutional Animal Care and Use 
Committee of Guangdong Pharmaceutical University.
 BYHWD was composed of Huangqi  (Radix 
Astragali seu Hedysari), Danggui (Radix Angelica 
sinensis), Chishao (Radix Paeoniae Rubra), Chuanxiong 
(Rhizoma Ligustici Chuanxiong), Honghua (Flos 
Carthami), Taoren (Semen Persicae) and Dilong 
(Pheretima). The components were purchased from the 
First Affiliated Hospital of Guangdong Pharmaceutical 
University (Guangzhou, China) and mixed in a ratio of 
120:6:4.5:3:3:3:3 (dry weight). BYHWD was boiled 
and concentrated to a final concentration of 1 g/mL 
(equivalent to dry weight of raw materials). The 28 SD 
rats were then randomly divided into 2 groups: control 
group (n = 12) and BYHWD group (n = 16). BYHWD 
(18.5 g/Kg, equivalent to adult human dose) was 
intragastricly administrated for 7 days (twice per day) 
according to previous reports (30,31). Control group was 
treated with distilled water correspondingly. After the rat 
was fasted for 12 h and received the last administration 
of medicine for 90 min, abdominal aortic blood was 
collected. Blood samples were allowed to clot for 2 h at 
4°C and then centrifuged at 1,500 ×g for 20 min. The 
serum was filtered and stored at -20°C after inactivation 
at 56°C for 30 min. Serum containing BYHWD and 
control was defined as BYHWS and CS.

2.2. Cell culture

Human aorta VSMCs (HA-VSMCs), obtained from 
ATCC (CRL-1999, Manassas, VA, USA), were 
cultured in F-12K medium (ATCC) containing 0.05 
mg/mL ascorbic acid, 0.01 mg/mL insulin, 0.01 mg/
mL transferrin, 10 ng/mL sodium selenite, 0.03 mg/mL 
endothelial cell growth supplement (ECGS), 10 mM 
hydroxyethyl piperazine ethanesulfonic acid (HEPES) 
and 10 mM 2-[Tris(hydroxymethyl)-methylamino]-
ethanesulfonic acid (TES), and supplemented with 
10% fetal bovine serum (FBS, Gibco, Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), 10% BYHWS or 
10% CS. Cells were incubated in humidified 95% O2 air 
and 5% CO2 atmosphere at 37°C. Medium was renewed 
every 2 to 3 days. HA-VSMCs were cultured, passaged 
(less than passage 5) and treated with or without Ang II 
(100 nM, R&D research Inc., Minneapolis, MN, USA) 
for 72 h to induce senescence.

2.3. SIRT1 siRNA silence

HA-VSMCs were transfected with either si-SIRT1 
(5 nM, AM 16708) or scrambled siRNA (Silencer 
Select SiRNA, 40 nM, AM 4635) (Ambion, Carlsbad, 
CA, USA) using Lipofectamine RNAiMAX Reagent 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) for 6 h following manufacturer's instructions. 
The final concentration of si-SIRT1 and scrambled 
siRNA were 50 nM.

283



www.biosciencetrends.com

BioScience Trends. 2018; 12(3):282-290.284

filled with F-12K complete medium containing 10% 
FBS, 10% BYHWS or 10% CS as chemoattractant. After 
a 4 h incubation period at 37°C, the cells that had crossed 
the basement membrane and migrated to the lower side 
of the filter were fixed and stained with hematoxylin and 
eosin (Solasrbio Science & Technology Co., Ltd.). Four 
random fields were counted at 400× magnification for 
each filter. 

2.8. Western blotting analysis

Western blot was performed according to our previous 
method (32). Briefly, whole-cell lysates were prepared 
and quantified. Proteins were then separated by 
4-12% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA) under reducing conditions and 
transferred onto polyvinylidene difluoride membranes. 
The transferred membranes were immunoblotted 
overnight at 4°C in phosphate buffer solution (PBS) 
containing primary antibodies to SIRT1 (04-1557, 
mouse anti-human monoclonal antibody, 1:1,000, EMD 
Millipore, Billerica, MA, USA), MMP-2 (AF902, goat 
anti-human polyclonal antibody, 1:500, R&D research 
Inc.), β-actin (cs-376421, mouse anti-human monoclonal 
antibody, 1:5,000, Santa Cruz Biotechnology, Inc.) after 
blocking nonpecific binding. The membranes were then 
incubated with horseradish peroxidase-conjugated anti-
mouse/goat immunoglobulin G (BA1050 and BA1060, 
1:2,000, Wuhan Boster Biological Technology, Ltd., 
Wuhan, China) at room temperature for 2 h. The density 
of the visualized bands was quantified using an image 
analyzer (model GS-700, Bio-Rad Laboratories, Inc.). 
β-actin was used as the loading control.

2.9. Gelatin zymography

HA-VSMCs were treated and cell supernatant was 
resolved onto 10% Novex gelatin zymogram gels 
(Invitrogen; Thermo Fisher Scientific, Inc.), run at 90 
V for 3 h at 4°C. The gels were incubated in Novex 
zymogram renature buffer (Invitrogen; Thermo Fisher 
Scientific, Inc.) at room temperature for 30 min and 
then transferred to Novex zymogram developing buffer 
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C 
overnight. The gels were photographed after staining 
with 0.2% Coomassie blue and quantified using ImageJ 
(National Institutes of Health). 

2.10. Statistical Analysis

All results were presented as mean ± standard error of 
the mean. All experiments were repeated independently 
3 times. Statistical comparisons of multiple groups 
were made via an ANOVA, followed by Bonferroni 
post hoc test. The differences between two groups using 
Student's t tests were two-sided. All statistical analyses 

2.4. Lentiviral activation particles transduction

HA-VSMCs were seeded at 1 × 105 cells per well in 
6-well plates and incubated with complete medium (10% 
FBS) overnight at 37°C. Transduction was carried out 
with complete medium containing 3 μg/mL Polybrene 
(sc-134220, Santa Cruz Biotechnology, Inc., Dallas, 
TX, USA). Then 10 μL of SIRT1 lentiviral activation 
particles (sc-400085-LAC, Santa Cruz Biotechnology, 
Inc.) and 10 μL of control lentiviral activation particles 
(sc-437282, Santa Cruz Biotechnology, Inc.) were added 
to the culture, followed by incubation overnight. The 
culture medium was then removed and replaced with 
appropriate treatment. 

2.5. Senescence-associated β-galactosidase (SA β-gal) 
Assay

HA-VSMCs in 6-well plates were washed twice in PBS, 
fixed for 5 min in 4% paraformaldehyde in PBS, and 
stained with SA β-gal (C0602, Beyotime Biotechnology, 
Shanghai, China) according to the manufacturer's 
instructions. The percentage of SA β-gal-expressing 
cells was examined in 4 randomly selected fields under 
the microscope (Leica Microsystems GmbH, Wetlzar, 
Germany).

2.6. Wound healing migration

HA-VSMCs were seeded into 24-well plates with 
inserts in wells (CytoSelect, CBA-120-T, Neobioscience 
Biotechnology, Shenzhen, China) and grown to 
confluence. The monolayer cells then generated a 
0.9mm "wound field" by carefully removing inserts. The 
cells were allowed to heal for 48 h. Cell stain solution 
was added to each well for 15 min and the wounded 
areas were viewed through a microscope. Quantitative 
analysis of the cell percent closure was performed using 
ImageJ software version 1.37 (National Institutes of 
Health, Bethesda, MA, USA). The level of wound-
healing percent closure was evaluated by calculating the 
percentage of the repopulated cell surface area divided 
by the cell free area at the initial state. Average data were 
from at least three independent experiments. Appropriate 
intervention was performed prior to seeding.

2.7. Invasion assay

Serum-induced invasion movement was assessed using 
modified Boyden chambers equipped with 8μm pore-size 
polycarbonate filters (PFA8, Neuro probe, Gaithursburg, 
MD, USA). The upper compartment was coated with 
BD Matrigel (356234, Solasrbio Science & Technology 
Co., Ltd., Shanghai, China) to form a matrix barrier. In 
total, 2 × 105 cells were suspended in serum-free F-12K 
complete medium following appropriate treatment and 
added to the upper chamber. The lower chamber was 



www.biosciencetrends.com

BioScience Trends. 2018; 12(3):282-290. 285

were performed using GraphPad Prism version 4.00 for 
windows (GraphPad Software, San Deigo, CA, USA). P 
< 0.05 was defined as statistical significance.

3. Results

3.1. BYHWS inhibited the migration and invasion of 
senescent HA-VSMC

Previous studies have shown that Ang II is an inductive 
agent of VSMC premature senescence (18,19). In this 
study, SA β-gal activity was measured first in HA-VSMC 
grown in the presence of Ang II. Cellular premature 
senescence induced by Ang II is shown in Figure 1A, 
among which the percentage of SA β-gal-positive cells 
was significantly increased (p < 0.05). To determine 
whether BYHWS can affect age-associated migration 
and invasion of VSMC in vitro, wound-healing and 
invasion assays were performed in HA-VSMC cultured 
by treatment with BYHWS. In contrast to control cells, 
the administration of Ang II significantly promoted the 
migration of HA-VSMCs to the wounded surface (Figure 
1B and 1C). In addition, the invasion of HA-VSMCs 
was significantly enhanced in the presence of Ang II 

compared to that of the control cells (p < 0.05) (Figure 
1D). However, when HA-VSMCs in the presence of 
rat sera were analyzed, we found that the migration and 
invasion of Ang II-induced senescent cells cultured in 
10% BYHWS were significantly decreased compared to 
those of cells grown in 10% CS (p < 0.05) (Figure 1B-
1D), indicating that BYHWS inhibited migration and 
invasion of Ang II-induced senescent HA-VSMC.

3.2. BYHWS reduced MMP-2 production and secretion 
in senescent HA-VSMC

Since MMP-2 is a senescence marker and a key regulator 
in the migration and invasion of VSMCs (2,3,22,25), 
we conducted Western blotting and gelatin zymography 
detection to assess the effects of BYHWS on MMP-2 
expression. As shown in Figure 2, Ang II treatment led to 
a significant increase of MMP-2 protein expression and 
induced its activation. Nevertheless, the treatment with 
serum containing BYHWD significantly reduced the 
expression and activation of MMP-2 protein, compared 
to that treated with medium containing 10% CS (p < 0.05) 
(Figure 2A and 2B).

3.3. BYHWS delayed the down-regulation of SIRT1 
protein in senescent HA-VSMCs

A low SIRT1 level contributed to not only an 
acceleration of cellular senescence but also increased 
capacity for cellular migration and invasion (25-28,33). 
Thus we measured the levels of SIRT1 protein in the 
Ang II-induced HA-VSMCs. As shown in Figure 3, the 
amount of SIRT1 protein in HA-VSMCs progressively 
declined with Ang II treatment. Specifically, a 60% 
reduction in SIRT1 protein level was observed in Ang 
II-induced cells. Of note, in the Ang II-induced model, 

Figure 2. BYHWS reduced MMP-2 expression in senescent 
HA-VSMC. (A) Representative immunoblots and average data 
of MMP-2 protein from HA-VSMCs without Ang II or with 
Ang II treatment in media containing 10% CS or 10% BYHWS. 
*p < 0.05 in comparison between two groups. (B) Gelatin 
zymograms of cell supernatant from HA-VSMCs without Ang 
II or with Ang II treatment in media containing 10% CS or 10% 
BYHWS. *p < 0.05 in comparison between two groups. Ang II, 
angiotensin II; CS, serum containing vehicle; BYHWS, serum 
containing Buyang Huanwu decoction.

Figure 1. BYHWS inhibited the migration and invasion of 
senescent HA-VSMC. (A) Representative photomicrographs 
and average data of SA β-gal staining in HA-VSMC with and 
without Ang II treatment. Scale bar indicates 50μm. *p < 0.05 
compared with control. (B) Representative photomicrographs 
of wound healing assay in HA-VSMC cultured without Ang 
II or with Ang II treatment in media containing 10% CS or 
10% BYHWS. Original magnification ×40. (C) Average data 
of wound healing assay in HA-VSMC cultured without Ang II 
or with Ang II treatment in media containing 10% CS or 10% 
BYHWS. *p < 0.05 in comparison between two groups. (D) 
Average data of invasion analysis of HA-VSMC cultured without 
Ang II or with Ang II treatment in media containing 10% CS or 
10% BYHWS. *p < 0.05 in comparison between two groups. 
Ang II, angiotensin II; CS, serum containing vehicle; BYHWS, 
serum containing Buyang Huanwu decoction.
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the SIRT1 protein levels in 10% BYHWS-treated cells 
were much higher than those found in 10% CS-treated 
cells. These results indicated that the administration of 
BYHWS significantly prevented the down-regulation of 

age-associated SIRT1 caused by Ang II.

3.4. SIRT1 over-expression decreased the capacity of cell 
migration and invasion, as well as MMP-2 activation in 
senescent HA-VSMCs

To investigate the effects of SIRT1 on VSMC migration 
and invasion, and MMP-2 secretion, SIRT1 over-
expression was conducted by transduction, and SIRT1 
levels were significantly increased in SIRT1 over-
expressed HA-VSMCs compared to negative lentiviral 
and controls (p < 0.05) (Figure 4A). Remarkably, the 
over expression of SIRT1 in senescent HA-VAMCs 
significantly reduced migratory and invasive capacity 
and MMP-2 activation compared to those of control cells 
(p < 0.05) (Figure 4B-4D).

3.5. SIRT1 was required for BYHWS's effects on the 
migration and invasion of senescent HA-VSMCs

We finally investigated the involvement of SIRT1 in 
the protective effect of BYHWS towards senescent 
HA-VSMC. Western blot analysis showed that after 
transfection of HA-VSMCs with si-SIRT1, the expression 
of SIRT1 protein was statistically down-regulated by 
approximately 45% compared to SIRT1 levels in cells 

Figure 3. SIRT1 protein decreased in HA-VSMCs with Ang 
II-induced senescence and BYHWS retarded this effect. 
Representative immunoblots and average data of SIRT1 protein 
from HA-VSMCs without Ang II or with Ang II treatment 
in media containing 10% CS or 10% BYHWS. *p < 0.05 in 
comparison between two groups. Ang II, angiotensin II; CS, 
serum containing vehicle; BYHWS, serum containing Buyang 
Huanwu decoction.

Figure 4. Over-expression of SIRT1 decreased cellular invasion and MMP-2 activation in HA-VSMCs with Ang II-induced 
senescence. (A) Representative immunoblots and average data of SIRT1 protein in senescent HA-VSMC transduced with Le-SIRT1 
or Le-ctrl. *p < 0.05 compared with Ang II control. (B) Representative average invasion analysis of senescent HA-VSMC transduced 
with Le-SIRT1 or Le-ctrl. *p < 0.05 compared with Ang II control. (C) Representative average invasion analysis of HA-VSMC 
transduced with Le-SIRT1 or Le-ctrl. *p < 0.05 compared with Ang II control. (D) Gelatin zymograms of cell supernatant from 
senescent HA-VSMCs transduced with Le-SIRT1 or Le-ctrl. *p < 0.05 compared with Ang II control group. Ang II, angiotensin II; 
Le-ctrl, control lentiviral activation particles; Le-SIRT1, SIRT1 lentiviral activation particles. Ang II control group, AngII+, Le-ctrl-, 
Le-SIRT1-.
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transfected with a negative control siRNA (p < 0.05) 
(Figure 5A). In wound healing and Boyden chamber 
assays, the decrease of SIRT1 expression dramatically 
increased the capacity of migration and invasion of 
senescent HA-VSMCs (Figure 5B and 5C). Moreover, 
si-SIRT1 also partially counteracted the inhibitory effect 
of BYHWS on cell migration and invasion (Figure 5B-
5D). Similarly, transfection of si-SIRT1 in senescent HA-
VAMCs further significantly increased MMP-2 protein 
and activation, and statistically abolished the protective 
effects of BYHWS with inhibition of MMP-2 expression 

(p < 0.05) (Figure 5E and 5F). These data suggested that 
BYHWS inhibited the migration and invasion of HA-
VSMCs, via SIRT1 expression in Ang II-treated HA-
VSMCs.

4. Discussion

The study of cellular processes of age-associated 
migration and invasion in organisms subjected to 
BYHWD regimens is experimentally challenging. 
Here, we aimed to determine the effects of BYHWS 

Figure 5. BYHWS modulated HA-VSMCs migration and invasion in a SIRT1-dependent manner. (A) Representative 
immunoblots and average data of SIRT1 protein in senescent HA-VSMC transfected with si-SIRT1 or si-ctrl. *p < 0.05 compared 
with Ang II control group. *p < 0.05 compared with Si-ctrl group. (B) Representative photomicrographs and average data of 
wound healing assay in HA-VSMC transfected with si-SIRT1 or si-ctrl, and then treated with Ang II in media containing 10% 
CS or 10% BYHWS . Original magnification ×40. *p < 0.05 compared with 10% CS control group. #p < 0.05 compared with 
10% BYHWS group. &p < 0.05 compared with 10% CS + Si-SIRT1 group. (C) Representative average invasion analysis of HA-
VSMC transfected with si-SIRT1 or si-ctrl, and then treated with Ang II in media containing 10% CS or 10% BYHWS. *p < 0.05 
compared with 10% CS control group. #p < 0.05 compared with 10% BYHWS group. &p < 0.05 compared with 10% CS + Si-
SIRT1 group. (D) Representative immunoblots and average data of MMP-2 protein from HA-VSMCs transfected with si-SIRT1 
or si-ctrl, and then treated with Ang II in media containing 10% CS or 10% BYHWS. *p < 0.05 compared with 10% CS control 
group. #p < 0.05 compared with 10% BYHWS group. &p < 0.05 compared with 10% CS + Si-SIRT1 group. (E) Representative 
immunoblots and average data of MMP-2 protein from HA-VSMCs transfected with si-SIRT1 or si-ctrl, and then treated with Ang 
II in media containing 10% CS or 10% BYHWS. *p < 0.05 compared with 10% CS control group. #p < 0.05 compared with 10% 
BYHWS group. &p < 0.05 compared with 10% CS + Si-SIRT1 group. (F) Gelatin zymograms of cell supernatant from HA-VSMCs 
transfected with si-SIRT1 or si-ctrl, and then treated with Ang II in media containing 10% CS or 10% BYHWS. *p < 0.05 compared 
with 10% CS control group. #p < 0.05 compared with 10% BYHWS group. &p < 0.05 compared with 10% CS + Si-SIRT1 group. 
Ang II, angiotensin II; CS, serum containing vehicle; BYHWS, serum containing Buyang Huanwu decoction; si-ctrl, scrambled 
siRNA silence; si-SIRT1, SIRT1 siRNA silence. Ang II control group, Ang II+, Si-ctrl-, Si-SIRT1-. Si-ctrl group, Ang II+, Si-ctrl+, 
Si-SIRT1-. 10% CS control group, AngII+, Si-ctrl+, Si-SIRT1-, 10% CS+, 10% BYHWS-. 10% BYHWS group, AngII+, Si-ctrl+, 
Si-SIRT1-, 10% CS-, 10% BYHWS+. 10% CS + si SIRT1 group, AngII+, Si-ctrl-, Si-SIRT1+, 10% CS+, 10% BYHWS-.
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on this cellular process in vitro using Ang II-induced 
senescent HA-VSMCs. Our results clearly showed 
that BYHWS could significantly delay age-associated 
increased migration and invasion of these cells, which 
was accompanied with reduced MMP-2 expression. In 
addition, we also identified SIRT1 as a pivotal factor in 
modulating BYHWS's effects on age-associated HA-
VSMC responses. 
 Arterial aging is a cornerstone of systemic aging 
(2,3,17). The increase of intima thickness is nearly 
linearly associated with age mainly due to the migration 
and invasion of VSMCs from the arterial media to the 
intimal (2,3,34). While cumulative studies demonstrated 
that the capacity of migration and invasion was decreased 
in senescent VSMCs (35,36). Here, we used a model of 
HA-VSMC senescence induced by Ang II and verified 
that senescent HA-VSMCs enhanced migration and 
invasion, which was in agreement with previous reports 
regarding increasing migratory and invasive capacities in 
senescent rat VSMCs (24,37). Furthermore, it has been 
shown that Ang II can stimulate VSMC migration and 
invasion measured by a wound healing approach and 
Boyden chamber assay (20,21).
 The precise roles mediating aging and age-associated 
events related with BYHWD are not fully understood. 
TCM of Qi-tonifying and stasis- eliminating may play 
a role in delaying aging, mainly due to the well-known 
theory that "Qi deficiency and blood stasis" is essential 
for human aging (38). In terms of vascular aging, it 
has been proved that TCM based on invigorating Qi 
and activating blood had effects on delaying VSMC 
senescence and lowering age-associated increase of 
VSMC proliferation (6). As a classic TCM formulation 
of invigorating Qi and activating blood, BYHWD can 
be used to treat many disorders with Qi deficiency 
and blood stasis, which is likely to target the specific 
pathogenesis of vascular diseases (11). BYHWD was 
previously shown to inhibit aortic intimal hyperplasia 
and cellular proliferation in cultured VSMC (15,16). 
In the current study we demonstrated for the first time 
that BYHWS treatment inhibited the migration and 
invasion of senescent HA-VSMCs. However, similar 
inhibition was not observed in CS-treated senescent HA-
VSMCs. Other beneficial effects of BYHWD appear 
to promote the migration of neural precursor cells to 
ischemic brain areas, thus facilitating its neuroprotective 
effect (39). Under this condition, cellular migration is a 
nonpathogenic process for tissue repair in response to 
ischemic injury, which is different than the age-increased 
pathological process. 
 Uncontrolled MMPs, potently activated by Ang II, 
can cleave both cellular basement membrane and elastin 
fibers around VSMCs, which results in degradation of 
extracellular matrix, enabling VSMCs to migration, 
invasion and proliferation with advanced aging. In 
cultured VSMCs, both MMP-2 and MMP-9 are related 
to the migration and invasion of VSMCs (2,3,22). It has 

been shown that MMP-9 is less important than MMP-2 
in triggering intimal thickening in coronary artery rings 
ex vivo (40). Moreover, MMP-2 expression becomes 
increased within aging arterial walls, particularly in the 
thickened intima of different species including humans 
(2,3,22,23). Here, we showed that the administration 
of Ang II in HA-VSMCs enhanced MMP-2 expression 
whereas BYHWS inhibited this promoting effect. These 
results indicate that BYHWS treatment might retard age-
associated migration and invasion through inhibition of 
MMP-2 in HA-VSMCs.
 SIRT1 (member of  the sir tuin family) is  a 
nicotinamide adenosine dinucleotide (NAD)-dependent 
deacetylase that removes acetyl groups from various 
proteins. It has been implicated that Sirt1 can impact a 
wide array of proteins, such as peroxisome proliferator-
activated receptor-gamma and its coactivator-1alpha, 
forkhead transcriptional factors, AMP-activated protein 
kinase, NF-kappaB and protein tyrosine phosphatase 
involved in cardiovascular and metabolic diseases, 
through regulating metabolic and physiologic processes 
including stress resistance, metabolism, apoptosis and 
energy balance (41-43). Notably, in the cardiovascular 
system, activation of SIRT1 can not only protect against 
oxidative stress at the cellular level, but can also elevate 
survival at the systemic level to reduce the risk of 
coronary heart disease and cerebrovascular disease (42). 
In the present study, SIRT1 levels in vitro as HA-VSMCs 
were decreased and senescence was induced. This is 
consistent with previous studies concerning the reduction 
of SIRT1 levels in senescent human VSMCs, endothelial 
cells and fibroblasts (25,44,45). Interestingly, when these 
senescent HA-VSMCs were cultured in the presence 
of BYHWS, much higher SIRT1 was induced than the 
same cells cultured in CS. Therefore, BYHWS protects 
cells against the decrease of SIRT1 associated with the 
senescence process. Although a study has reported that 
BYHWS is involved in a neuron protective role through 
suppression of the P53 pathway (46), to our knowledge, 
no previous studies have investigated whether BYHWS 
directly influences SIRT1 expression. It has been 
demonstrated that SIRT1's predominate function is in 
delaying aging and suppressing arterial remodeling 
(26,27,33). Our further experiments revealed that down 
regulation of SIRT1 levels by siRNA-knockdown 
elevated cellular migration/invasion and MMP-2, leading 
to enhancement in senescent HA-VSMCs. Of note, 
the suppression of SIRT1 reversed BYHWS-mediated 
inhibition of MMP-2 levels and the migration/invasion 
in senescent HA-VSMCs. Conversely, over-expression 
of SIRT1 in senescent HA-VSMCs resulted in reduced 
expression of MMP2 and was also consistent with 
concomitant decreases in cellular migration and invasion. 
Cumulative evidence unraveled that SIRT1 plays a 
pivotal role in the treatment of cardiovascular disease, 
through which, hydroxytyrosol, mitochondrial aldehyde 
dehydrogenase (ALDH2), and sulforaphane (SFN) 
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showed great promise for providing protection (47-50). 
Our data suggest that BYHWS regulation of cellular 
migration/invasion and MMP-2 expression in HA-
VSMCs is dependent on activation of SIRT1. However, 
in vitro experiments are still required to investigate the 
effect of BYHWS in clinical practice, and the therapeutic 
value of combined use of BYHWS, ALDH2, SFN, etc. 
for instance, and requires further evaluation.

5. Conclusion

This study demonstrated that treatment with BYHWS in 
senescent HA-VSMCs resulted in i) reduced capacity of 
migration and invasion, ii) decreased MMP-2 expression, 
and iii) sustained the increase of SIRT1 levels. Our 
data also showed that modulation of SIRT1 levels by 
either knockdown or over-expression of this protein 
promoted or inhibited age-associated VSMC migration 
and invasion. Moreover, BYHWS has an effect on age-
associated VSMC responses in a SIRT1-dependent 
manner.
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Cinobufacini inhibits epithelial-mesenchymal transition of human 
hepatocellular carcinoma cells through c-Met/ERK signaling 
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1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most 
common cancer worldwide with over 740,000 new 
cases per year and the second leading cause of cancer-
related deaths worldwide (1,2). At present, resection 
and transplantation are still the available curative 

treatments, but are hampered because of their high 
recurrence rates and development of metastasis 
(3). Epithelial-mesenchymal transition (EMT) is an 
important biological process in the progression of 
malignant tumors. The cancer cells undergoing EMT 
lose their adhesion molecules such as E-cadherin, and 
gain mesenchymal cell markers, such as N-cadherin, 
Vimentin, alpha smooth muscle actin (α-SMA), 
fibronectin, and collagen I, which will enhance cells 
migration and invasion (4). These characteristic 
markers are modulated transcriptionally by several key 
transcription factors including Snail, Slug, Zeb, Twist 
and so forth (5). Accumulating data suggested that 
EMT was identified as the important initiation step for 
HCC metastasis (5). Therefore, to reduce the morbidity 

Summary Cinobufacini, an aqueous extract from the skins and parotid venom glands of the toad Bufo 
bufo gargarizans Cantor, is a well known traditional Chinese medicine widely used in clinical 
cancer therapy in China. Its therapeutic effect is especially pronounced in liver cancer. 
However, the precise mechanisms induced by cinobufacini in human hepatocellular carcinoma 
(HCC) cells are still not very clear. Here, we investigated the effects and mechanisms of 
cinobufacini on inhibiting HepG2 cells invasion and metastasis. Epithelial-mesenchymal 
transition (EMT) is identified as an important initiation step for HCC metastasis. After the 
HepG2 cells were treated with different concentrations of cinobufacini, the expression of EMT 
related E-cadherin was increased while N-cadherin and Vimentin were decreased, and the 
expression of EMT related transcription factors Snail and Twist were decreased. Moreover, 
the phosphorylation of c-Met was inhibited by cinobufacini, and the expression of MEK1/2 
and ERK1/2, the downstream kinase of the signal transduction pathway activated by c-Met, 
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were treated with different concentrations of cinobufacini, there was a significant decrease in 
MMP-2 and MMP-9 expression in HepG2 cells. In conclusion, the current study suggested 
cinobufacini could prevent HepG2 cells migration and invasion via inhibiting EMT through 
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treatment of HCC.
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and mortality rates of HCC, prevention of EMT is 
important for the inhibition of tumor metastasis and the 
molecular targets in the pathway of EMT have received 
great attention in HCC treatment. 
 c-Met, also called tyrosine-protein kinase Met or 
hepatocyte growth factor (HGF) receptor, is widely 
expressed by epithelial cells, endothelial cells, neurons, 
hepatocytes, and hematopoietic cells (7). HGF, the 
known ligand of c-Met, induces c-Met dimerization 
and activation, leading to stimulation of multiple 
downstream signaling pathways, including the MEK/
ERK and PI-3K pathways, STAT3, RAC1, and the 
NF-KB pathway (8). This plays several causal roles in 
cancer progression, including the induction of EMT (9). 
Inhibitors of c-Met/HGF signaling have demonstrated 
antitumor potential in preclinical and clinical models 
of HCC (10). c-Met inhibitors have shown signs of 
efficacy in the treatment of HCC, particularly against 
c-Met positive tumors (11). Our previous basic studies 
showed that c-Met inhibitor SU11274 could neutralize 
the activation of HCC cell growth resulting from 
the addition of des-γ-carboxyprothrombin (DCP) by 
inhibiting the phosphorylation of c-Met and ERK 
(12). Moreover, clinical studies indicated that some 
encouraging phase II data on two c-MET inhibitors, 
tivantinib and cabozantinib, has led to phase III 
trials (13). Taken together, c-Met is a therapeutically 
relevant target in HCC, with important roles in tumor 
proliferation, motility, and invasion. It should be of 
significance to further investigate the mechanisms of 
c-Met on metastasis and EMT in HCC cells, which will 
be better for HCC treatment.
 In  recent  years ,  many t radi t ional  Chinese 
medicines have been shown to have potent anti-
cancer effects and have attracted considerable interest 
as potential candidates for the development of novel 
cancer therapeutics (14). Cinobufacini is a water-
soluble extract from the skins and parotid venom 
glands of the toad Bufo bufo gargarizans Cantor. 
It composes a variety of bufadienolide cardiotonic 
steroids, such as bufalin, cinobufagin, resibufogenin, 
and telocinobufagin, which are the major active 
components (15). In 2005, cinobufacini was approved 
by the Chinese State Food and Drug Administration 
(SFDA) and then wildly accepted to treat patients with 
cancers at oncologic clinics in China (16). Clinical 
studies have suggested that cinobufacini used alone 
or in combination with other chemotherapeutic agents 
had significant activity against cancers, such as HCC, 
pancreatic cancer, non-small cell lung cancer, and 
gallbladder carcinoma (17,18). Experimental studies 
have indicated that cinobufacini has a significant 
apoptosis-inducing effect on a number of cancer cells. 
Our previous studies suggested that cinobufacini leads 
to apoptosis of HCC cells in a dose-dependent manner 
through the mitochondria- and Fas-mediated pathways 
(19,20). 

 According to previous studies, cinobufacini plays 
significant roles on HCC treatment. However, there are 
few studies on the effect and mechanism of cinobufacini 
on metastasis and EMT in HCC cells. Therefore, the 
aim of the present study was to clarify the possible 
signal pathway and related molecular mechanisms by 
which cinobufacini inhibited EMT in the HCC cell line 
HepG2.

2. Materials and Methods

2.1. Preparation of cinobufacini

The detailed preparation process of cinobufacini was 
described in previous studies (19). Cinobufacini, an 
aqueous extract from the skin and parotid venom glands 
of the toad Bufo bufo gargarizans Cantor, was obtained 
from Anhui Jinchan Biochemical Co., Ltd., Anhui, 
China. The extraction process was as follows: Bufo 
bufo gargarizans Cantor skins (20 g) were boiled with 
distilled water twice, and the resulting decoction was 
mixed and filtered using filter paper. Then, the filtered 
solution was collected, concentrated, lyophilized, 
and extracted two more times with ethanol. Finally, 
the decoction was concentrated to 1mL. In this study, 
various concentrations of cinobufacini were prepared 
by diluting the stock solution (20 g/mL) with serum-
free DMEM medium. 

2.2. Cells

The HCC cell line HepG2 was purchased from the 
European Collection of Animal Cell Cultures (ECACC, 
Salisbury, UK). HepG2 cells were cultured in high 
glucose DMEM supplemented with 10% fetal bovine 
serum (FBS; Gibco-BRL, Gaithersburg, MD, USA), 
100 U/mL of penicillin and 100 g/mL of streptomycin 
in a humidified atmosphere with 5% CO2 in air at 37°C.

2.3. Cell viability assay

Cells in the logarithmic growth phase were plated at a 
density of 6×104 cells/mL in 96-well plates. Twenty-
four hours later, the cells were incubated with various 
concentrations of cinobufacini (0, 0.005, 0.01, 0.05, 
0.1, and 0.5 mg/mL). At times of 24, 48, and 72 h after 
addition of cinobufacini, cell viability was analyzed 
using a cell counting kit-8 (CCK-8) protocol ((Dojindo 
Molecular Technologies Inc. Shanghai, China). The 
absorbance value (OD) of each well was measured at 
450 nm. All experiments were performed at least in 
triplicate on three separate occasions.

2.4. Quantitative real-time RT-PCR assay

Following previous studies, quantitative real-time RT-
PCR was used to detect the mRNA expression of EMT 
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The anti-proliferation effect of cinobufacini on HCC 
cells HepG2 was estimated by CCK-8 assay. As shown 
in Figure 1, cinobufacini had a significant inhibitive 
effect on HepG2 cells. The viability of HepG2 cells 
treated by various concentrations of cinobufacini was 
detected at different times, respectively. After treatment 
with 0.1 mg/mL cinobufacini for 24 h, 48h and 72h, 
the growth inhibition rates of HepG2 cells were 36.8%, 
49.5%, and 62.3% respectively. These results indicated 
that cinobufacini had a significant growth inhibiting 
effect on HepG2 cells in a dose- and time-dependent 
manner.

3.2. Effects of cinobufacini on EMT of hepatocellular 
carcinoma cells

To explore the effect of cinobufacini on EMT of 
hepatocellular carcinoma cells, EMT related markers 
E-cadherin, N-cadherin, and Vimentin were detected by 
Western blot analysis, and EMT transcription factors 
Snail and Twist were detected by quantitative real-time 
RT-PCR assay. As shown in Figure 2A, after treatment 
with or without cinobufacini (0.01, 0.05 and 0.1 mg/
mL) for 24 h, there were dose-dependent increases 
in E-cadherin protein expression and decreases in 
N-cadherin and Vimentin protein expression in HepG2 
cells. Moreover, the mRNA expressions of Snail and 
Twist were decreased after treatment with or without 
cinobufacini (0.01, 0.05 and 0.1 mg/mL) for 24 h 
(Figure 2B). These results indicated that cinobufacini 

related transcription factors Snail and Twist (21). First, 
after cells were treated with specified concentrations of 
cinobufacini for 24h, total RNA was prepared by using 
TRIzol reagent (Grand Island, NY, USA) according 
to the manufacturer's instructions. (Grand Island, NY, 
USA). In the current study, relative mRNA expression 
levels for the target genes were determined by using 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
as a normalization control. Specific primer sequences 
of the target genes and GAPDH were designed by 
TaKaRa (TaKaRa Bio Inc., Dalian, China) as shown 
in Table 1. Afterwards, according to the protocol of 
SYBR Premix Ex TaqTM kit (TaKaRa Bio Inc., Dalian, 
China), amplification of target genes and GAPDH were 
conducted using ABI Prism 7500 Detection System 
(Applied Biosystems, Inc., USA). Analysis of relative 
genes expression was performed by the comparative 
2-ΔΔCT method.

2.5. Western blot analysis

After cells were treated with specified concentrations 
of cinobufacini for 24h, total cell lysates and cytosolic 
fractions were prepared as previously described (22). 
Thirty micrograms of total cellular proteins were 
resolved by sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDSPAGE) and transferred onto 
polyvinylidene fluoride (PVDF) transfer membranes 
by Western blotting. The results were quantified using 
Image J (National Institutes of Health, Bethesda, MD, 
USA). The following antibodies were used: c-Met and 
MMP-9 (Proteintech, Wuhan, China); p-c-Met and 
MMP-2 (Abcom, UK); N-cadherin, Vimentin, GAPDH 
and β-actin (Servicebio, Wuhan, China); E-cadherin and 
MEK1/2 (Affinity Biosciences, Cincinnati, OH, USA); 
and ERK1/2 (Cell Signaling Technology, Boston, MA, 
USA).

2.6. Statistical analysis

All experiments were performed in triplicate and the 
results were analyzed by ANOVA (one-way analysis 
of variance) using GraphPad Prism 4, followed by 
Student's t-test using Microsoft Office Excel software. 
p < 0.05 was indicative of significant difference.

3. Results

3.1. Effects of cinobufacini on the proliferation of 
hepatocellular carcinoma cells

Table 1. Specific primer sequences for Snail, Twist and GAPDH

Gene 

Snail
Twist
GAPDH

Forward primer (From 5' to 3')

GCTCCCTCTTCCTCTCCATACC
CAGCTACGCCTTCTCGGTCT
GCACCGTCAAGGCTGAGAAC

Reverse primer (From 5' to 3')

AAGTCCTGTGGGGCTGATGT
CTGTCCATTTTCTCCTTCTCTGG
TGGTGAAGACGCCAGTGGA

Figure 1. Growth inhibition effects of cinobufacini on 
HepG2 cells. Cells were treated with different concentrations 
of cinobufacini (0, 0.005, 0.01, 0.05, 0.1, and 0.5 mg/mL) for 
24 h, 48 h and 72 h, and the cell viability was determined by 
CCK-8 assay. The results are expressed as percentage of cell 
growth relative to untreated control cells
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had a significant effect on inhibiting of EMT of HepG2 
cells.

3.3. Cinobufacini inhibits EMT of hepatocellular 
carcinoma cells through c-Met /ERK signaling pathway 
in hepG2 cells

c-Met was reported to play important roles in cancer 
progression, including the induction of EMT (9). MEK/
ERK is one of the definite downstream targets of c-Met 
receptor. Inhibition of c-Met/ ERK signaling pathway 
has proven to be an efficient way to attenuate tumor 
proliferation, motility, and invasion in HCC (11,12). 
Here we investigated the effect and mechanism of 
Cinobufacini on EMT of hepatocellular carcinoma 
cells by Western blot analysis. We found that c-Met/
ERK signaling pathway was inhibited after treatment 
with cinobufacini. As shown in Figure 3A, the 
protein expression of phosphorylated-c-Met (p-c-
Met) gradually decreased in a dose-dependent manner 
with cinobufacini, while the protein expression of 
c-Met did not change significantly with the addition 
of cinobufacini. Furthermore, the protein expression 
of MEK1/2 and ERK1/2, the downstream kinase of 
the signal transduction pathway activated by c-Met, 
also decreased in a dose-dependent manner with 
cinobufacini. These results suggest that cinobufacini 
could inhibit EMT of hepatocellular carcinoma cells 
through c-Met/ERK signaling pathway.

3.4. Cinobufacini inhibits cell migration and invasion 
by regulating MMP-2 and MMP-9 in hepatocellular 
carcinoma cells

MMP-2 and MMP-9 are factors, which have been 
proven to play significant function in tumor metastasis 
(23). Thus, the expression of MMP-2 and MMP-9 
were examined to further determine the mechanism by 
which cinobufacini inhibited migration and invasion 
in hepatocellular carcinoma cells. Here the protein 
expression of MMP-2 and MMP-9 were detected by 
Western blot analysis. As shown in Figure 3B, after 
treatment with or without cinobufacini (0.01, 0.05 
and 0.1 mg/mL) for 24 h, there were dose-dependent 
decreases in MMP-2 and MMP-9 protein expression in 
HepG2 cells. These results indicated that cinobufacini 
could inhibit cell invasion and metastasis by regulating 
MMP-2 and MMP-9 in hepatocellular carcinoma cells.

4. Discussion

Cinobufacini, a well-known traditional Chinese 
medicine, is widely used to treat a variety of cancers 
in clinical cancer therapy in China. Its therapeutic 
effect is especially pronounced in liver cancer (15). 
The antitumor effects of cinobufacini mainly include 
inhibiting cancer cell proliferation and differentiation, 
inducing apoptosis, and enhancing immune responses 
against cancer (24). Recently, an experimental study 

Figure 2. Effects of cinobufacini on EMT of hepatocellular 
carcinoma cells. (A) The protein expressions of EMT related 
markers E-cadherin, N-cadherin and Vimentin were detected by 
Western blot analysis. After the HepG2 cells were treated with 
different concentrations of cinobufacini (0, 0.01, 0.05, and 0.1 
mg/mL) for 24 h, the expression of E-cadherin was increased 
while N-cadherin and Vimentin were decreased. (B) The 
mRNA expression of EMT transcription factors Snail and Twist 
were detected by quantitative real-time RT-PCR assay. After 
the HepG2 cells were treated with different concentrations 
of cinobufacini (0, 0.01, 0.05, and 0.1 mg/mL) for 24 h, the 
mRNA expression of Snail and Twist were decreased. *p < 0.05, 
**p < 0.01 vs. untreated controls.

Figure 3. Cinobufacini inhibits invasion and metastasis 
of HCC cells through c-Met /ERK signaling pathway in 
hepG2 cells. (A) The protein expression of p-c-Met, c-Met, 
MEK1/2 and ERK1/2 were detected by Western blot analysis. 
The expression of p-c-Met gradually decreased in a dose-
dependent manner with cinobufacini, while the expression of 
c-Met did not change significantly. The protein expression of 
MEK1/2 and ERK1/2 decreased in a dose-dependent manner 
with cinobufacini. (B) The protein expression of MMP-2 
and MMP-9 were detected by Western blot analysis. After 
the HepG2 cells were treated with different concentrations 
of cinobufacini (0, 0.01, 0.05, and 0.1 mg/mL) for 24 h, the 
expression of E-cadherin was decreased.
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showed cinobufacini could prevent cell migration and 
invasion of human breast carcinoma MDA-MB-231 
cells into a model stromal tissue, which indicated 
cinobufacini might possess cancer cell migration 
preventing activity in addition to cell toxicity such 
as apoptosis-inducing activity (25). However, there 
are few studies about the effects of cinobufacini on 
inhibiting HCC cells invasion and metastasis. Here, we 
investigated the effects and mechanisms of cinobufacini 
on inhibiting HepG2 cells migration and invasion. We 
found that cinobufacini could prevent HepG2 cells 
invasion and metastasis via inhibiting EMT through 
c-Met/ERK signaling pathway. 
 Previous studies demonstrated that EMT activation 
in cancer cells contributed to tumor invasion and 
metastasis in various types of cancer, including HCC, 
resulting in aggressive cancer progression. EMT is the 
conversion of epithelial cells to mesenchymal cells, 
in which cells undergo physiological or pathological 
changes including the loss of cell polarity and cell-
cell adhesion as well as the acquisition of migratory 
and invasive properties. The classical EMT is featured 
with the loss of epithelial markers, such as E-cadherin 
and the up-regulation of mesenchymal markers, such 
as Vimentin and N-cadherin. These characteristic 
markers are modulated transcriptionally by several key 
transcription factors including Snail and Twist (5). Snail 
is a zinc-finger transcription factor that is known as an 
essential player in the aggressive phenotype of the EMT. 
Snail binds to the E-boxes of the human Ecadherin 
promoter and represses E-cadherin expression (26). 
Recently, the basic helix-loop-helix transcription factor 
Twist has been added to the list of developmental genes 
with a key role in E-cadherin repression and EMT 
induction (27). Lee et al. found that overexpression 
of Twist was correlated with HCC metastasis and its 
expression was negatively correlated with E-cadherin 
expression by tissue microarray (28). Moreover, Twist 
was able to suppress E-cadherin expression and induce 
EMT changes in metastatic HCC cell lines, which was 
correlated with increased HCC cell invasiveness. These 
findings indicated that EMT was associated with HCC 
metastasis and therefore inhibition of EMT might be 
a novel approach for HCC treatment. Here we found 
that after treatment with or without cinobufacini for 24 
h, there were dose-dependent increases in E-cadherin 
protein expression and decreases in N-cadherin and 
Vimentin protein expression in HepG2 cells. Moreover, 
the mRNA expression of Snail and Twist were 
decreased after treatment with or without cinobufacini. 
Our findings indicated that cinobufacini could prevent 
HepG2 cells invasion and metastasis by inhibiting EMT 
with the expression of EMT and transcription factors 
reversed.
 The phosphorylation of c-Met and subsequent 
activation of various downstream signal transduction 
pathways may play a significant role in the progression 

of HCC including cell proliferation and invasion (12). 
Once c-Met binds to its ligand HGF, it is dimerized 
and activated, leading to stimulation of multiple 
downstream signaling pathways, including the MEK/
ERK and PI-3K pathways, STAT3, RAC1, and the NF-
KB pathway (8). The ERK pathway has significant 
roles in cell proliferation, cell survival and metastasis. 
Deregulation of the ERK pathway has been implicated 
in multiple types of human cancers, including HCC 
(29). Previous studies have established a critical 
role for receptor tyrosine kinase signaling and ERK 
pathway in EMT (30). In HepG2 and Huh7 HCC cell 
lines, HGF-induced EMT phenotypes are significantly 
inhibited by the Raf inhibitor sorafenib and the MEK 
inhibitor U0126, but not the PI3K inhibitor wortmannin 
(31). This finding suggests that the Raf-ERK-MAPK 
pathway mediates the signal between c-MET activation 
and EMT induction in HCC cell lines. Therefore, c-Met/
ERK signaling pathway might be an important pathway 
in EMT of HCC cells and inhibiting this pathway might 
be significant for preventing EMT and migration and 
invasion. Here we found that the phosphorylation of 
c-Met was inhibited by cinobufacini. Furthermore, the 

Figure 4. Cinobufacini might prevent HCC cells invasion 
and metastasis via inhibiting EMT through c-Met/ERK 
signaling pathway.
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expression of MEK1/2 and ERK1/2, the downstream 
kinase of the signal transduction pathway activated 
by c-Met, also decreased in a dose-dependent manner 
with cinobufacini. These findings suggested that 
cinobufacini could inhibit EMT of HCC cells through 
c-Met/ERK signaling pathway.
 MMPs are major proteolytic enzymes that are 
important in the degradation of the extracellular matrix 
thus influencing distinct cellular functions (32). MMPs 
contribute to the regulation of cancer cell invasion 
and tumor metastasis. Expression of various MMPs 
including MMP-1, MMP-2, MMP-9, MMP-12 and 
MMP-14 were implicated in regulating HCC tumor 
progression and prognosis. Here we found that after 
treatment with cinobufacini, there was a significant 
decrease in MMP-2 and MMP-9 expressions in HepG2 
cells. These results indicated that cinobufacini could 
inhibit cell invasion and metastasis by regulating MMP-
2 and MMP-9 in HCC cells.

5. Conclusion

In conclusion, the current study suggested cinobufacini 
could prevent HepG2 cells invasion and metastasis by 
inhibiting EMT through c-Met/ERK signaling pathway, 
which might provide experimental evidence for 
cinobufacini treatment of HCC (Figure 4).
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1. Introduction

Lung cancer continues to be one of the most commonly 
diagnosed cancer types and the leading cause of cancer 
deaths in both United States and China (1,2). Non-small-
cell lung cancer (NSCLC) accounts for 80% to 85% of 
all lung cancer cases (3). Although giant steps have been 
made in targeted chemotherapy and immunotherapy of 
NSCLC, the 5-year survival rate remains below 20% 
(3,4). Therefore, the development of new and more 
effective therapies for NSCLC is imperative. 
 Recently, chimeric antigen receptor (CAR)-T 

cell therapy has had great success in treatment of 
hematologic malignancies, most notably in B cell acute 
lymphoblastic leukemia (B-ALL) with up to a 90% 
complete remission rate (5). With FDA approval of 
Kymriah for certain pediatric and young adult patients 
with a form of acute lymphoblastic leukemia (ALL) (6), 
we entered a new frontier in medical innovation with 
the ability to genetically reprogram patients-derived T 
lymphocytes to attack a deadly cancer. For the treatment 
of NSCLC, an appropriate target is the folate receptor α 
(FRα), a glycosylphosphatidylinositol (GPI)-anchored 
cell surface protein, which binds and mediates the 
uptake of free folic acid as well as its drug conjugates 
with high affinity and specificity (7). Numerous studies 
have confirmed elevated expression of FRα in over 70% 
of lung adenocarcinomas and about 10% of squamous 
cell carcinomas by using different clones of anti-FRα 
antibodies (8-12). Notably, a high concordance of FRα 
expression was not only observed between biopsy and 
primary tumor but also seen between distant metastases 
of NSCLC and their corresponding local tumors (9). 

Summary Our goal is to develop a switch-controlled approach to enable better control of reactivity 
and safety of chimeric antigen receptor (CAR)-T therapy for non-small-cell lung cancer 
(NSCLC). Lentiviral transduction was performed to generate anti-FITC CAR-T cells 
and target cells stably expressing either isoform of the folate receptor. Colorimetric-based 
cytotoxic assay, enzyme-linked immunosorbent assay, and multiparametric flow cytometry 
analysis were used to evaluate the specificity and activity of CAR-T cells in vitro. Human 
primary T cells stably expressing the fully human anti-FITC CAR were generated. Anti-
FITC CAR-T cells displayed antigen-specific and folate-FTIC dependent reactivity against 
engineered A549-FRα and THP-1-FRβ. The selective activation and proliferation of anti-
FITC CAR-T cells in vitro stringently relied on the co-existence of folate-FITC and FR-
expressing target cells and was dose-titratable with the folate-FITC switch. The excellent in 
vitro efficacy and specificity of an adaptor-controlled CAR-T therapy to target both tumor 
cells and tumor-associated macrophages in NSCLCs were validated.
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In contrast, the low to negligible distribution of FRα in 
normal human tissues is restricted to the apical (luminal) 
surface of cells, which reside in the bronchial epithelium, 
renal tubules and choroid plexus (13,14). Consequently, 
six folate-targeted drugs are currently undergoing human 
clinical trials (15-19), and one folate-vinca alkaloid 
conjugate (EC145) has even advanced to phase IIb 
clinical trials for targeted therapy of NSCLC (18,19). 
Thus, FRα has not only become an established NSCLC 
marker, but it could also act as a promising target for 
adoptive CAR-T therapy for this cancer. 
 However, normal tissue toxicity is an issue, which 
needs to be addressed especially when expression 
of tumor-associated antigen targeted by CAR-T is 
generally less restricted (20-24). Several strategies 
have been proposed to minimize CAR-T therapy-
related toxicities, including the use of kill switches 
(25), splitting the chimeric receptor (26), and antibody-
based intercellular switches to mediate the formation 
of immunological synapses between CAR-T cells and 
target cells (27-31). 
 In recognition of the fact that over 70% of lung 
adenocarcinomas expressing FRα also contain tumor-
associated macrophages (TAMs) with high expressing 
levels of FRβ (10), we herein describe an approach using 
fluorescein isothiocyanate (FITC) conjugated with folate 
(folate-FITC) as an intermediary "switch" to induce the 
assembly of a pseudoimmunological synapse between 
anti-FITC CAR-T cells and target cells expressing either 
FRα or FRβ. We demonstrate potent antigen-specific and 
dose-dependent in vitro efficacies of anti-FITC CAR-T 
cells against both FRα-positive NSCLC cell lines and 
macrophage cell lines expressing the β isoform of FR. 
Moreover, the activation and proliferation of anti-FITC 
CAR-T cell was strictly dependent on the presence of the 
bi-specific switch molecule folate-FITC. These results 
suggest that CAR-T cells could be exploited to target 
both tumor and the tumor microenvironment in NSCLC 
patients by using our approach.

2. Materials and Methods

2.1. Generation of CAR-T cells

The human anti-FITC scFv (31) gene was synthesized 
by GENEWIZ and cloned into a lentiviral vector (LV-
vector) containing a CD8α hinge and transmembrane 
region, and 41BB and CD3ζ signaling domains. 
Lentiviruses were produced in HEK293T cells, and 
transduction of human primary T cells was performed 
as previously described (31). Briefly, 8 × 106 HEK293T 
cells were seeded per 10-cm tissue dish 24 hours 
before transfection. Cells were transfected with anti-
FITC CAR plasmid and viral packaging vectors using 
Lipofectamine® 2000 reagent (Thermo Fisher Scientific, 
Waltham, MA). Supernatants were harvested 48h later. 
Viral particles were concentrated using an Amicon®Ultra 

100K device (Merk Millipore, Worcester, MA), titrated, 
and stored at -80℃ until use. All plasmids were purified 
using Endo-free Maxi prep kits (Qiagen, Valencia, 
CA). Peripheral blood mononuclear cells (PBMCs) 
were obtained from healthy volunteer donors using 
Ficoll-Hypaque Solution (GE Healthcare, Chicago, 
IL). Isolated PBMCs were transferred into complete 
medium (CM) (AIM-V, 5% human serum AB, 1% pen-
strep media) (Thermo Fisher Scientific, Waltham, MA) 
and incubated at 37℃ for 3 hours. Suspension cells 
were collected and activated with anti-CD3/CD28 beads 
(Thermo Fisher Scientific, Waltham, MA). Activated T 
cells were transduced with lentivirus after 24 hours of 
activation in the presence of 10 µg/mL protamine sulfate 
(Sigma-Aldrich, St. Louis, MO). T cells were then 
expanded in CM with 300 IU/mL of recombinant human 
interleukin-2 (rhIL-2) (R&D Systems, Minneapolis, 
MN) after media replacement, maintaining a cell density 
of 0.5 - 2 × 106 cells/mL. Anti-FITC CAR expression 
was verified by flow cytometry using Alexa Fluor® 647 
conjugated anti-human IgG F(ab')2 antibodies (Jackson 
ImmunoResearch, West Grove, PA). Its binding capacity 
to FITC was also confirmed by using a FITC-labeled 
mouse IgG1 isotype control antibody (Biolegend, 
San Diego, CA) and folate-FITC (AdooQ, Nanjing, 
Jiangsu). Non-transduced T cells or T cells transduced 
with lentivirus expressing green fluorescent protein 
(GFP) stained with corresponding reagents served as 
background controls.

2.2. Cell lines

HEK293T cell line, human lung adenocarcinoma 
cell line A549, a human monocytic cell line THP-1, 
immortalized human T lymphocyte cell line Jurkat, 
and the HL-60 (Human promyelocytic leukemia cells) 
cell line were purchased from American Type Culture 
Collection. A549 and THP-1 cells were transduced with 
lentiviral vectors encoding human FRα and FRβ gene, 
respectively, to generate cells stably expressing FRα 
(A549-FRα) and FRβ (THP-1-FRβ). The expression 
of human FRα and FRβ was confirmed by quantitative 
RT-PCR. Briefly, total RNA was extracted from the 
corresponding cell lines. Then cDNA was generated 
using the Reverse Transcription System (Promega, 
Fitchburg, WI) and added to SYBR Green PCR Master 
Mix with primers specific for human FRα or FRβ, in 
triplicate. The relative human FRα or FRβ messenger 
RNA (mRNA) copy number was calculated using the 
standard curve method and the real-time PCR system 
(Bio-Rad Laboratories, Hercules, CA). A549-FRα and 
THP-1-FRβ cells were maintained in folate-deficient 
RPMI 1640 media with 10% fetal bovine serum and 
antibiotics. A549, THP-1, Jurkat and HL60 cells were 
cultured in complete media prepared with RPMI1640. 
HEK293T cells were cultured in complete media 
prepared with DMEM. All reagents were purchased 
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considered significant.

3. Results

3.1. Generation of anti-FITC CART cells

Recently, a proof-of-concept study demonstrated that 
the efficacy of FITC-conjugated anti-CD19 Fab directed 
anti-FITC CAR-T against human CD19+ B-acute 
lymphoblastic leukemia line was comparable to the 
current FDA-approved CTL019 therapy (Kymirah®) 
both in vitro and in vivo (31). More importantly, it has 
been reported that folate-FITC, a FRα-targeted optical 
contrast agent also known as EC17 (32), was 100% 
accurate in identifying lung adenocarcinomas with very 
limited toxicities in a phase I clinical trial of targeted 
intraoperative molecular imaging for surgical resection 
(33). Therefore, we plan to evaluate if folate-FITC 
would be able to elicit a specific reactivity of anti-FITC 
CAR-T cells against FRα-expressing lung cancer cells 
(Figure 1A). To create a FITC-specific CAR, a fully 
human anti-FITC scFv clone (31) was subcloned into a 
lentiviral vector containing a second-generation CAR 
(from N-terminus: anti-FITC scFv, CD8α hinge and 
transmembrane domain, the cytoplasmic domains of 
4-1BB and CD3ζ), using GFP CAR as a control (Figure 
1B). Lentiviral particles were produced in HEK293T 
cells and used to transduce Jurkat cells. A transduction 
efficiency of 69.3% was observed by flow cytometry 
after staining for scFv surface expression using mouse 
anti-human IgG, F(ab')2 polyclonal antibody (Figure 1C, 
left panel). To further confirm that the anti-FITC scFv 
was properly folded on the cell surface and retained 
its affinity for FITC, a flow cytometry binding assay 
was performed using folate-FITC and a commercially 
available FITC-labeled mouse IgG1 isotype control 
antibody. Similar to the transduction efficiency measured 
as stated above, we observed the binding of FITC anti-
mouse IgG antibody (62.7% positive) (Figure 1C, middle 
panel) and folate-FITC (64.7% positive) (Figure 1C, 
right panel) to Jurkat cells.

3.2. Anti-FITC CAR-T cells display antigen-specific and 
switch-dependent reactivity against engineered A549-
FRα

To evaluate the ability of folate-FITC to redirect the anti-
FITC CAR-T cells toward FRα-positive NSCLC cells, 
we first engineered A549, an FR-negative human lung 
adenocarcinoma cell line, to constitutively overexpress 
human FRα (A549-FRα). Surface expression of 
functional FRα was assessed, by labeling with folate-
FITC, using flow cytometry (Figure 1D), and the 
selective expression of FRα but not FRβ mRNA was 
confirmed with quantitative RT-PCR (Figure 1E). 
Moreover, results from Western Blot with anti-human 
FRβ polyclonal antibody also demonstrated that A549-

from Thermo Fisher Scientific (Waltham, MA).

2.3. Colorimetric-based cytotoxic assays

Anti-FITC or GFP CAR T cells were co-cultured with 
target cells at indicated E:T (effector-to-target) ratios 
in 96-well round bottom plates with 100 µL/well of 
complete media (folate-deficient RMPI 1640, 5% fetal 
bovine serum, 1% pen-strep media) containing different 
concentrations of folate-FITC. After incubation at 
37℃ for 24 hours, cytotoxicity towards target cells 
was determined by measuring the amount of lactate 
dehydrogenase (LDH) released into culture media 
using CytoTox-96 nonradioactive cytotoxicity assay 
kit (Promega, Fitchburg, WI). The percent lytic activity 
was calculated with the following formula: (values used 
represent absorbance at 490 nM) % Cytotoxicity = 100 
× [((Target cells + Effector cells + folate-FITC) - (Target 
cells + Effector cells only)) / ((Maximum target cell 
lysis) – (Target cells only))].

2.4. T cell activation assay

Anti-FITC or GFP CAR T cells were co-cultured with 
target cells as described above. Supernatants were 
harvested, and IFN-γ released by T cells was quantified 
by enzyme-linked immunosorbent assay (ELISA) 
using Human IFN-gamma Quantikine ELISA Kit (BD 
Biosciences, San Jose, CA). The expression level of T 
cell activation markers, CD25 and CD69, were analyzed 
by flow cytometry using anti-CD25 (BD Biosciences, 
San Jose, CA) and anti-CD69 (eBioscience, San Diego, 
CA). After being co-cultured with target cells for 5 
hours, the ability of CAR-T cells to secrete cytolytic 
granules was visualized by CD107a staining using anti-
CD107a antibody (eBioscience, San Diego, CA). 

2.5. T cell proliferation assay
 
Anti-FITC CAR-T cells were pre-labeled with 5 mM 
PKH26 (Sigma-Aldrich, St. Louis, MO) according 
to the manufacturer's protocol. Anti-FITC CAR-T 
cells were cocultured with target cells at an effector to 
target cell ratio (E:T ratio) of 1 to 1 in triplicate in 96-
well round bottom plates in 200 µL of complete media 
(folate-deficient RMPI 1640, 5% fetal bovine serum, 1% 
pen-strep media) containing different concentrations of 
folate-FITC. After a 3-day incubation in the presence 
of folate-FITC, cells were stained and analyzed for 
PKH26 distribution.

2.6. Statistical analysis

The data are reported as mean ± SD. Statistical analysis 
was performed using Student's t test or Mann-Whitney 
test. Statistical significance and EC50 values were 
calculated using GraphPad Prism 5.0. P < 0.05 was 
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FRα cells do not express FRβ (data not shown). Then, 
lentiviral particles were used to transduce activated 
peripheral human blood mononuclear cells (PBMCs), 
and 7 days post viral transduction, more than 50% of the 
primary human T cells expressed CAR as determined by 
flow cytometry after labeling with folate-FITC (Figure 
2A). 
 As shown in Figure 2B, at an effector to target cell 

ratio (E:T ratio) of 5 to 1 in folate-deficient media, 
highly potent cytotoxic activity of anti-FITC CAR-T 
cells was induced by folate-FITC (EC50 = 0.094 ± 0.116 
nM) against A549-FRα. These results were reproducible 
across multiple T cell donors with similar efficacies. 
In contrast, folate-FITC did not induce lytic activity 
towards A549-FRα cells in the presence of GFP CAR-T 
cells (Figure 2B, right panel). Furthermore, no significant 

Figure 1. Schematic representation of the killing mechanism, lentivrial vector and CAR-modified Jurkat cells, and 
engineered A549-FRα cell line. (A) Schematic diagram of folate-FITC mediated CAR-T cytotoxicity to tumor cells. (B) 
Anti-FITC and GFP CAR lentiviral construct. (C) Anti-FITC CAR expression on Jurkat cells was assessed by staining with 
AlexaFlour647® mouse anti-human IgG F(ab′)2 antibody (Jackson ImmunoResearch, West Grove, PA), a FITC-conjugated anti-
mouse IgG1 isotype control antibody (Biolegend, San Diego, CA), or folate-FITC (AdooQ, Nanjing, Jiangsu). (D) Assessment 
of folate-FITC binding to A549 and A549-FRα cell lines by flow cytometry. (E) Relative FRα mRNA expression was confirmed 
using quantitative RT-PCR. Indicated mRNA expression is shown relative to A549. Results shown represent findings observed in 
three independent experiments.

Figure 2. Folate-FITC can specifically and dose-dependently redirect anti-FITC CAR-T cells to target A549-FRα cells. (A) 
Anti-FITC CAR expression on human T cells was detected by a FITC-conjugated anti-mouse IgG1 isotype control antibody. (B) 
24 hours co-culture of anti-FITC CAR-T or GFP CAR-T cells with A549 and A549-FRα cells in the presence of serial dilutions 
of folate-FITC at an effector to target cell ratio of 5:1 (5 × 104 to 1 × 104 cells per well). Cytolytic activity was determined by 
measuring the amount of LDH released into culture media using CytoTox 96 Nonradioactive cytotoxicity assay kit (Promega). 
Each concentration was carried out in triplicate and error bars represent SD. (C) Quantification of IFN-γ levels in cultures at a E:T 
ratio of 5:1 by ELISA. Error bars represent SD derived from triplicate samples. (D) Microscopic images of cytotoxicity assay at a 
E:T ratio of 5:1.
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cytotoxic activity was observed with FRα-negative A549 
cells at concentrations of folate-FITC up to 10 nM, 
demonstrating the high selectivity of folate-FITC and 
anti-FITC CAR-T cells. The amount of IFN-γ released 
from anti-FITC CAR-T cells after 24-hour co-culture 
with A549-FRα was positively correlated with the dose 
of folate-FITC put into the assay media (Figure 2C). 
Moreover, formation of aggregates, indicative of cross-
linking between T cells and target cells, was visible in 
cocultures of anti-FITC CAR-T cells and A549-FRα cells 
with folate-FTIC, but not in any other controls (Figure 

2D). Overall, our findings demonstrate that folate-FITC, 
as a bispecific small molecule, can specifically and dose-
dependently redirect anti-FITC CAR-T cells to target 
FRα-positive cells.

3.3. Folate-FITC mediates activation and proliferation 
of FITC-specific CAR-T for A549-FRα

Next, we confirmed the stringent dependence of 
anti-FITC CAR-T cell activation on folate-FITC by 
monitoring their expression of cell surface activation 

Figure 3. Activation, degranulation and proliferation of anti-FITC CAR-T cells co-cultured with A549-FRα in the presence 
of Folate-FITC. (A) Folate-FITC dependent titratable activation of anti-FITC CAR-T cells. Anti-FITC CAR-T cells (5 × 104 cells) 
were co-cultured with A549- FRα cells (1 × 104 cells) for 24 h with serial dilutions of folate-FITC, and subsequently stained with 
AlexaFlour647 mouse anti-human IgG F(ab′)2 antibody followed by PE-conjugated anti-CD25 (BD Biosciences, San Jose, CA) 
and FITC-conjugated anti-CD69 antibody (eBioscience, San Diego, CA). (B) Folate-FITC dependent degranulation of Anti-FITC 
CAR-T cells. Anti-FITC CAR-T cells (1 × 105 cells) were co-cultured with A549 and A549-FRα cells (1 × 105 cells) in the presence 
of folate-FITC and PE-conjugated anti-human CD107a antibody (eBioscience, San Diego, CA). After 5 hours of co-culture, CD107a 
surface expression was measured following the staining of AlexaFlour647 mouse anti-human IgG F(ab′)2 antibody. (C) Folate-FITC 
dependent proliferation of Anti-FITC CAR-T cells. Anti-FITC CAR-T cells were pre-labeled with 5 mM PKH26 (Sigma-Aldrich, 
St. Louis, MO) according to the manufacturer’s protocol. Anti-FITC CAR T cells (1 × 104 cells) were co-cultured with A549 and 
A549-FRα cells (1 × 104 cells). After 3-day incubation in the presence of folate-FITC, cells were stained and analyzed for PKH26 
distribution.
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Figure 4. Folate-FITC can specifically and dose-dependently redirect anti-FITC CAR-T cells to target FRβ-positive cells. 
(A) Assessment of folate-FITC binding to HL60, THP-1 and THP-1-FRβ cell lines by flow cytometry. (B) Relative FRβ mRNA 
expression was confirmed using quantitative RT-PCR. Indicated mRNA expression is shown relative to HL60. Results shown 
represent findings observed in three experiments. (C) 24 hours co-culture of anti-FITC CAR-T or GFP CAR-T cells with HL60, 
THP-1 and THP-1-FRβ cells in the presence of serial dilutions of folate-FITC at an effector to target cell ratio of 2:1 (4 × 104 to 2 × 
104 cells per well). Cytolytic activity was determined by measuring the amount of LDH released into culture media using CytoTox 
96 Nonradioactive cytotoxicity assay kit (Promega). Each concentration was carried out in triplicate and error bars represent SD. (D) 
Quantification of IFN-γ levels in cultures at a E:T ratio of 2:1 by ELISA. Error bars represent SD derived from triplicate samples. (E) 
Microscopic images of cytotoxicity assay at a E:T ratio of 2:1. (F) Titratable activation of anti-FITC CAR-T cells co-cultured with 
THP-1-FRβ at a E:T ratio of 2:1 in the presence of Folate-FITC. CD25 and CD69 expression was measured following the staining of 
AlexaFlour647 mouse anti-human IgG F(ab′)2 antibody. (G) Folate-FITC dependent proliferation of Anti-FITC CAR-T cells. Anti-
FITC CAR-T cells were pre-labeled with 5 mM PKH26 (Sigma-Aldrich, St. Louis, MO). Anti-FITC CAR T cells (1 × 104 cells) 
were co-cultured with HL60, THP-1 and THP-1-FRβ cells (1 × 104 cells). After 3-day incubation in the presence of folate-FITC, 
cells were stained and analyzed for PKH26 distribution.
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markers, CD25 and CD69, after 24-hour co-culture with 
A549-FRα cells. As expected, the increase of CD25 and 
CD69 expression levels on anti-FITC CAR-T cells was 
correlated with the concentration of folate-FITC in the 
assay media (Figure 3A). Degranulation, as quantified 
by increased cell surface CD107a expression, is an 
established surrogate for T-cell lytic function. After 
5-hour co-culture, we observed specific degranulation 
in anti-FITC CAR-T cells only in the presence of A549-
FRα, and surface mobilization of CD107a was also 
dependent on the concentration of folate-FITC (Figure 
3B). Besides, folate-FITC dependent proliferation of 
anti-FITC CAR-T cells was also confirmed by detecting 
the PKH26 dilution of PKH26 labelled anti-FITC 
CAR-T cells after 3-day co-culture with A549-FRα cells 
(Figure 3C).

3.4. Anti-FITC CAR-T cells exhibit specific cytotoxicity 
against FRβ-positive macrophage cell line

To evaluate the ability of folate-FITC to redirect 
the anti-FITC CAR-T cells toward FRβ-positive 
macrophage cells, we first engineered THP-1-FRβ cell 
line, which stably overexpresses human FRβ. Surface 
expression of functional FRβ on THP-1 and THP-1-
FRβ was assessed by labeling with folate-FITC using 
flow cytometry (Figure 4A). FRβ mRNA expression on 
THP-1 and THP-1-FRβ were measured by quantitative 
RT-PCR (Figure 4B). Both quantitative RT-PCR and 
Western Blot were performed to show that THP-1 and 
THP-1-FRβ do not express FRα. Besides, protein level 
of FRβ on THP-1 and THP-1-FRβ was also measured 
by Western Blot with anti-human FRβ polyclonal 
antibody (data not shown).
 As shown in Figure 4C, at an effector to target cell 
ratio (E:T ratio) of 2 to 1 in folate-deficient media, 
highly potent cytotoxic activity of anti-FITC CAR-T 
cells was induced by folate-FITC (EC50 = 0.102 ± 
0.272 nM) against THP-1-FRβ. Notably, anti-FITC 
CAR-T cells also exhibited specific reactivity against 
endogenous FRβ on THP-1 cells in the presence of 
10 nM Folate-FITC. In contrast, no lytic activity of 
GFP CAR-T cells was induced towards THP-1 and 
THP-1-FRβ by Folate-FITC. For all the cytotoxicity 
experiments, HL60 cells were used as a control because 
none of the HL60 cells expressed FRβ as determined 
by both folate-FITC binding and quantitative RT-
PCR (Figure 4A, 4B and 4C). These results were 
reproducible across multiple T cell donors with similar 
efficacies. Herein, the cytolytic effect of anti-FITC 
CAR-T on target cells was FRβ dependent and relied on 
the concentration of Folate-FITC. The amount of IFN-γ 
released from anti-CAR-T cells after 24-hour co-culture 
with THP-1-FRβ was positively correlated with the 
dose of folate-FITC in the assay media (Figure 4D). The 
reduction of cell aggregation in the bottom indicated 
the lytic reactivity of T cells to target cells, which was 

visible in co-cultures of anti-FITC CAR T cells and 
THP-1-FRβ cells with 1 nM and 10 nM folate-FTIC. 
Meanwhile, cell aggregation in co-cultures of anti-FITC 
CAR T cells and THP-1 cells with 10 nM folate-FTIC 
was also visible though slightly decreased (Figure 4E). 
Overall, our findings demonstrate that folate-FITC, 
as a bispecific small molecule, can redirect anti-FITC 
CAR-T cells to target FRβ-positive cells in an antigen-
specific and dose-dependent manner. In addition, cell 
surface expression of CD25 and CD69 were detected 
after 24-hour co-culture with THP-1 and/or THP-1-
FRβ cells to confirm the strict dependence of anti-FITC 
CAR-T cell activation on folate-FITC. As expected, 
the increase of CD25 and CD69 expression levels on 
anti-FITC CAR-T cells was not only correlated with 
concentration of folate-FITC in the assay media but 
also correlated with relevant surface expression levels 
of FRβ in target cells (Figure 4F). Furthermore, folate-
FITC dependent proliferation of anti-FITC CAR-T cells 
was also confirmed by detecting the PKH26 dilution of 
PKH26 labelled anti-FITC CAR-T cells after 3-day co-
culture with THP-1-FRβ cells (Figure 4G).

4. Discussion

The morbidity and mortality of lung cancer both rank 
first in all malignancies worldwide, and NSCLC is 
the most common form of lung cancer. Although 
targeted therapy such as epidermal growth factor 
receptor (EGFR) tyrosine kinase inhibitors (TKI) and 
activated lymphocyte kinase (ALK)-TKI can prolong 
the survival of NSCLC patients with such mutations, 
drug resistance almost inevitably occurs (4). In recent 
years, immunotherapy, a promising field that harnesses 
the power of the immune system as a therapeutic agent, 
has been revolutionizing the lung cancer treatment 
paradigm. Unfortunately, checkpoint blockade therapy 
using PD-L1/PD-1 antibodies like Nivolumab and 
Pembrolizumab only works in a small percentage of 
NSCLC patients (34). Another potentially more potent 
approach being investigated is adoptive transfer of 
chimeric antigen receptor T-Cell (CAR-T) with high 
binding affinity and specificity to the tumor associated 
antigen (TAA). CAR-T cell immunotherapy has 
shown tremendous success in the treatment of acute 
lymphocytic leukemia (ALL) and refractory large 
B-cell lymphoma demonstrated by the FDA approval 
of Kymriah and YESCARTA, respectively (35,36). 
However, there are several obstacles to overcome in the 
process of translation of CAR T-cell therapy to solid 
tumors. 
 First and foremost, an ideal tumor specific antigen 
target is required for generating high affinity scFv, 
which is the most commonly used ectodomain for 
CAR. Previous studies have proved that FRα is highly 
expressed in NSCLC cells and to a large extent in lung 
adenocarcinoma (8-10). Moreover, several studies have 
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found that its expression levels are associated with 
tumor stage and survival in lung adenocarcinoma (11-
13). With the advent of targeted therapies towards FRα 
for NSCLC treatment and with several such agents, i.e. 
folate-conjugated small molecule drug and humanized 
anti-FRα monoclonal antibody, in late stage clinical 
development (15-18), FRα has long been appreciated as 
a promising target for NSCLC therapy. 
 Another limitation endowed with current approved 
CAR-T therapy is treatment-related toxicities. Although 
the safety and efficiency of Kymriah and YESCARTA 
were both demonstrated in multicenter clinical trials, 
unique acute toxicities, which can be severe or even 
fatal, have been brought to the forefront. The two most 
commonly observed toxicities with CAR-T therapy are 
cytokine release syndrome (CRS), which is triggered by 
the activation and proliferation of CAR-T cells causing 
high fever, flu-like symptoms, and/or multi-organ 
toxicity; and a CAR-T cell-related encephalopathy 
syndrome (CRES), which can sometimes lead to lethal 
cerebral edema. 
 Besides administration of anti-IL-6 antibodies and 
steroids, various strategies are being pursued to rein in 
the side effects of engineered T cells. One approach to 
mitigate adverse effects is by incorporating an inducible 
safety switch into the T-cell product. Mechanisms which 
are being explored include: inducible caspase 9 system 
where a small molecule (AP1903) drug dimerizes 
caspase-9 pro-molecules so that apoptotic pathways in 
CAR-T cells are activated (25,37); transducing genes 
for CD20 or EGFR so that antibody therapy with 
rituximab or cetuximab respectively depletes CAR-T 
cells; HSV thymidine kinase incorporation so that the 
pro-drug ganciclovir leads to elimination of CART 
cells (38); transient CAR expression by using mRNA 
(39). Undoubtedly, these methods would improve our 
ability to manage toxicity when it occurs, but they 
would also affect the persistence of CAR-Ts. Therefore, 
engineering CAR-Ts to further improve specificity 
to avoid "on-target, off-tumor" effects is another way 
that has been proceding. One such solution would be 
requiring CAR-Ts to recognize combinatorial antigens 
by using a synthetic NOTCH receptor for one antigen 
which then drives the inducible expression of another 
CAR specific antigen, so that target cell must express 
two antigens to 'arm and activate' the CAR-Ts (40). 
Other strategies have looked to the use of 'tumor 
sensing' where T cells are transduced with a CAR that 
only provides suboptimal activation after binding to 
its antigen, but a chimeric co-stimulatory receptor that 
recognizes a second antigen leads to full activation (41). 
Lastly, using a CAR-T that requires a small molecule 
drug to activate an 'ON-switch' so that antigen binding 
and intracellular signaling components only assemble 
in its presence is an interesting approach (42). While 
such approaches have shown improved specificity in 
preclinical settings, several immunotherapy groups are 

also working to develop a new generation of therapies 
that are inherently safer, yet just as efficacious. One 
of these technologies uses an intermediate bispecific 
molecule as a "switch" to redirect the specificity of 
CAR-Ts and control their activation, expansion, and 
termination. Unlike conventional CAR-T cells, the 
scFv portion of the CAR is not raised against any TAA, 
thus, these CAR-T cells do not recognize endogenous 
antigen or normal tissue. However, in the presence of 
an adaptor molecule that is recognized by the CAR 
extracellular domain and binds specifically to a TAA, 
CAR-T cells can be redirected specifically to target 
cancer cells. Moreover, the activity of these CAR-T 
cells can be regulated in a switch dose-dependent 
manner. More recently, proof-of-principle studies have 
been achieved using FITC-, biotin-, or peptide-tagged 
antibodies (27-31). 
 In this study, we generated CAR T-cells that 
express a fully humanized scFv for FITC with high 
affinity. Their potent antigen-specific and folate-FITC 
dependent in vitro cytotoxicity against a FRα-positive 
cancer cell line was demonstrated. Moreover, the 
activity, cytokine release ability, activation phenotype 
and proliferation of anti-FITC CAR-T cells could be 
controlled or titrated based on the dosage of folate-
FITC. Furthermore, we demonstrate that this approach 
is readily adaptable to target FRβ on a macrophage cell 
line using the same anti-FITC CAR-T cells.
 Folate-FITC, also known as EC17, has been 
evaluated clinically for use in image-guided surgery 
for NSCLCs and displayed almost exclusively grade 
I/II toxicity (43). Moreover, its safety has also been 
approved in a phase I clinical trial for kidney cancer 
(44,45). One additional advantage of using folate-FITC 
as a switch is the high affinity and specificity of folate, 
the endogenous ligand, to FRα. In addition to safety, 
it has been reported that folate-FITC was extremely 
accurate in identified pulmonary adenocarcinomas in 
clinical settings (33), which further corroborates its 
specificity. Therefore, the use of folate-FITC as an 
adaptor to redirect the reactivity of CAR-T cells almost 
certainly would reduce the potential for off-target cross-
reactivity of CAR.
 Among the four isoforms of FRs, two forms (FRα 
and FRβ) bind folate with high affinity (Kd ~ 1nM) 
(14). Previous studies showed that over 70% of human 
lung adenocarcinomas contain FRβ-positive tumor 
associated macrophages in regions with high immune 
cell infiltration (10,33). With the ability to use folate-
FITC to target FRβ-expressing macrophages in the 
immunotherapy of rheumatoid arthritis that has been 
demonstrated in animal models, it has been suggested 
that folate-FITC might likewise efficiently bind to 
FRβ-expressing TAMs accumulated in the tumor mass 
of human lung adenocarcinomas. More importantly, 
higher abundance of TAMs in the stroma of lung 
adenocarcinoma was observed in patients with more 



www.biosciencetrends.com

BioScience Trends. 2018; 12(3):298-308.

progressive disease, poorer prognosis, and a lower 
response rate of targeted chemotherapy (46,47). Given 
that folate-FITC directed anti-FITC CAR-T cells could 
effectively kill not only FRα-positive tumor cells but 
also FRβ-expressing macrophages, this strategy might 
be feasible to improve the of immunosuppressive tumor 
microenvironment. 
 Admittedly, there are several limitations to our 
study. First, given the exploratory nature of this 
initiative study, the in vivo efficacy of folate-FITC 
controlled anti-FITC CAR-T therapy towards FRα-
positive NSCLCs has not been assessed. Second, 
the plasma clearance half-life of the folate-FITC is 
relatively short. After a single i.v. or s.c. injection 
of 3H-folate-FITC (500 nmol/kg), the majority of 
radioactivity was cleared from the mouse plasma within 
1 to 2 hours (48). This may affect the in vivo persistence 
of anti-FITC CAR-T cells. However, the pre-clinical 
potency of recruiting cytotoxic T cells to FRα-positive 
ovarian cancer cells for lysis using conjugates of folate 
and anti-CD3 Fab is promising, even if the serum half-
life of folate-conjugate anti-CD3 Fab (a single i.v. 
dose of 1mg/kg) in mouse was about 60 minutes (49). 
In addition, in one previous study, we did not observe 
a significant difference between Fab and IgG switch 
mediated cytotoxicity against CD19+ B cell malignance 
in animal studies. In contrast, Fab-based switch enabled 
better temporal control over the reactivity due to its 
shorter pharmacokinetic half-life (50). Third, not all 
NSCLCs, especially squamous cell carcinomas, express 
FRα. Therefore, use of folate-FITC as a switch is not 
applicable to other NSCLCs when FRα overexpression 
is not present. Nevertheless, this shortcoming may also 
be compensated by the other aspect of this switch-base 
using the CAR-T strategy. By simply conjugating FITC 
into another antibody or ligand that targets another 
well-established NSCLC-specific antigen, the anti-
FITC CAR-T cells are readily available to attack those 
tumor antigen escape variants (31,50).

5. Conclusion

We established that in vitro anti-FITC CAR-T cell 
activity can be controlled with a switch, i.e. folate-
FITC. This bispecific chemical ligand mediated anti-
FRα-positive lung cancer cell activity, activation, 
proliferation and cytokine release ability of CAR-T 
cells was dose-titratable with a folate-FITC switch. 
We have also demonstrated that use of folate-FITC as 
a switch intermediate allows one to target both tumor 
and tumor-associated macrophages with a single CAR 
construct. Future studies need to be performed to 
evaluate the in vivo feasibility of this approach.
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Long non-coding RNA Linc00312 modulates the sensitivity of 
ovarian cancer to cisplatin via the Bcl-2/Caspase-3 signaling 
pathway
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1. Introduction

Ovarian cancer (OC) is one of the most common threats 
to women's health worldwide; OC has a high incidence 
and mortality, so molecular biomarkers for OC need 
to be identified and the pathogenesis of OC needs to 
be determined in order to devise an effective therapy 
(1). Numerous studies have established that long non-
coding RNAs (LncRNAs) are widespread and potent 

regulators of diseases, so LncRNAs could serve as 
biomarkers and targets in OC.
 LncRNAs, a class of RNA longer than 200 
nucleotides that cannot encode proteins, are mRNA-
like transcripts that have been increasingly identified as 
the key regulators in the tumorigenesis and progression 
of various human cancers (2). Thus, investigating 
the roles and potential mechanisms of LncRNAs in 
tumorigenic driver pathways is of considerable interest 
(3). One such LncRNA is Linc00312. Linc00312 is 
transcribed from the genomic region of chromosome 
3p25.3,  and Linc00312 has been found to be 
significantly dysregulated in a wide range of diseases, 
such as non-small cell lung cancer (4), bladder cancer 
(5), thyroid cancer (6) and nasopharyngeal carcinoma 
(7). Furthermore, Linc00312 plays a vital role in cell 
proliferation (8), cell apoptosis, differentiation, and 
metastasis (7) by interacting with particular microRNAs 
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or target genes. 
 However, there is no evidence to prove whether 
Linc00312 is connected to drug resistance, especially in 
OC. This study is the first to describe the functions of 
Linc00312 in the sensitivity of OC to cisplatin.

2. Materials and Methods

2.1. Patient samples

Freshly frozen tissue samples of serous epithelial 
ovarian carcinoma (EOC) from chemosensitive patients 
(n = 60) and chemoresistant patients (n = 60) were 
retrospectively collected at Liaoning Cancer Hospital 
and Institute from 2014 to 2016. Paraffin-embedded 
histological sections came from 15 patients in each 
group from 2013 to 2015. All patients underwent tumor 
excision, followed by 6-8 cycles of chemotherapy with 
cisplatin and paclitaxel. In accordance with NCCN 
guidelines, the chemoresistant group responded to 
initial chemotherapy but failed to respond during later 
chemotherapy or within 6 months of the conclusion of 
chemotherapy. The chemosensitive group were patients 
with recurrence after 12 months or with no recurrence 
after chemotherapy. Clinical information including age, 
stage of surgery, tumor grade, pathological subtype, 
and lymph node metastasis was obtained from medical 
records. This study was approved by the Ethics 
Committee of China Medical University's Shengjing 
Hospital.

2.2. Cell lines and culture

The human ovarian cancer cell line SKOV3 were 
purchased from the Cell Culture Collection of Shanghai. 
Cisplatin-resistant SKOV3/DDP cells were obtained 
from the Chinese Academy of Medical Sciences 
and Peking Union Medical College, Beijing, China. 
Cells were cultured in Iscove's modified Dulbecco's 
medium (IMDM; Hyclone, Logan, Utah, USA) 
supplemented with 10% fetal bovine serum (Australian 
FBS; Cellmax Cell Technology Co., Ltd, Lanzhou, 
China) and 1% penicillin/streptomycin (HyClone) in 
a humidified incubator at 37°C in an atmosphere of 
5% CO2. To maintain resistance, SKOV3/DDP cells 
were cultured in the presence of 1 μg/mL cisplatin 

(Meilune Biotechnology Co., Ltd., Dalian, China). 
Cells in the logarithmic phase of growth were used in 
all experiments.

2.3. Cell transfection

An Linc00312-overexpression plasmid and a control 
plasmid were purchased from Genechem Co., Ltd. 
(Shanghai, China). SiRNAs (GenePharma Co., Ltd., 
Shanghai, China) for Linc00312 and negative controls 
(NC) were synthesized. SKOV3 and SKOV3/DDP 
cells were counted and seeded in 6-well plates with 
antibiotic-free medium for 24 h to ensure 70% cell 
confluence on the day of transfection. Cells were 
transfected with Lipofectamine 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. RNA isolation was 
performed 48 h after transfection, and protein extraction 
was performed 72 h after transfection. SiRNA was 
transfected 3 times at a final concentration of 30 nM.

2.4. Quantitative real-time PCR (RT-qPCR)

Total RNA was extracted from tumor cells and tissues 
using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA), and 400ng of total RNA from each sample 
was converted to cDNA using the PrimeScriptVR RT 
Reagent Kit (Takara, Dalian, China). RT-qPCR was 
performed using SYBR Premix Ex Taq (Takara, Dalian, 
China) on the Stratagene Mx3000P Real-Time PCR 
System (Agilent Technologies, USA) according to the 
manufacturer's instructions. The primers for analysis 
are listed in Table 1. Gapdh mRNA served as an 
endogenous control, and relative levels of expression 
of other mRNAs were measured using the 2−ΔΔct 
method. 

2.5. Cell counting kit-8 assay (CCK-8 assay) 

SKOV3 cells and SKOV3/DDP cells were plated on 
96-well plates at a density of 8×103 cells/100 μL of 
medium per well. After transfection for 24 h, cisplatin 
was added to each well at a concentration of 0, 1, 2, 4, 
8, 12, 16, 24, 32, or 60 μg/mL. Cells were incubated for 
48 h. Cell viability was assessed using the CCK-8 assay 
(Dojindo Laboratories, Shanghai, China). After 1 h, the 
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Table 1. The primers for RT-qPCR

Name

Linc00312
MDR1
MRP1
Bcl-2
Bax
Caspase-3
Caspase-9
Gapdh

Sequence ( from 5' to 3'), Sense

TCTGGCTGTTGTTGTGTTGGA
GACCGGACATCCCAGTGCTT
TCTACCTCCTGTGGCTGAATCTG
AAGAGCAGACGGATGGAAAAAGG
CTGAGCGAGTGTCTCAAGCG
GGGATCGTTGTAGAAGTCTAA
CCAGACCAGTGGACATT
CAGGAGGCATTGCTGATGAT

Sequence ( from 5' to 3'), Antisense

GCTTATTGGCTTGGTTCGCT
TGTGCTCGGAGCCACTGAAC
CCGATTGTCTTTGCTCTTCATG
GGGCAAAGAAATGCAAGTGAATG
CCCCAGTTGAAGTTGCCGTC
CGGCCTCCACTGGTATT
CTCCATGCTCAGGATGTAA
GAAGGCTGGGGCTCATTT
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incubated with a blocking solution, biotinylated anti-
mouse digoxin, SABC, and biotinylated peroxidase at 
42°C, stained with DAB, and then counterstained with 
hematoxylin. Finally, tissues sections were dehydrated 
and mounted.
 Two pathologists examined all of the sections and 
graded them independently. Five views were randomly 
selected at 400× magnification. A positive hybridization 
signal was identified by dark brown staining in the 
cytoplasm. Depending on the intensity of positive 
staining, staining was scored as follows: negative = 0, 
weak = 1, moderate = 2, and strong = 3. The proportion 
of stained cells was scored as < 10% = 1, 10-50% = 2, 
> 50% = 3. The final score was the product of the two 
aforementioned scores: 0:(−), 1-3: (+), 4-6: (++), and 
7-9: (+++). 

2.9. Statistical analysis

SPSS software Version 17.0 (IBM SPSS, Chicago, IL) 
was used for statistical analysis. The Student's two-
tailed t-test was used to evaluate the statistical relevance 
between different groups. All data are expressed as the 
mean ± the standard deviation (SD). A value of p < 0.05 
was considered statistically significant. All experiments 
were performed in triplicate.

3. Results

3.1. Downregulation of Linc00312 in chemo-resistant 
serous EOC tissues

In this study, the level of Linc00312 expression 
decreased significantly in OC chemo-resistant tissues 
according to RT-qPCR. The expression of Linc00312 
in chemo-sensitive tissue samples was normalized 
as shown in Figure 1A. The level of expression was 
significantly lower in chemo-resistant tissues (p < 0.01). 
The localization of Linc00312 in cells was determined 
using ISH. Results indicated that Linc00312 was 
mainly localized in the cytoplasm (Figure 2), and the 
same trend was as was noted in RT-qPCR was evident 
(Table 2).
 Receiver operating characteristics (ROC) curve 
analysis was performed to evaluate the accuracy 
with which patients with OC who were resistant to 
chemotherapy could be distinguished from those who 
were sensitive to chemotherapy. A cut-off value was 
obtained. An area under the curve (AUC) of 0.907 had 
a high discriminatory power (95% CI: 0.854-0.960, 
p < 0.01) (Figure 1B). When the cut-off point was 
0.717, the chemo-resistance of OC was predicted with 
a sensitivity of 91.7% and a sensitivity of 80%. These 
results suggest that decreased expression of Linc00312 
in patients with OC could serve as a biomarker with 
which to determine the chemo-resistant features of 
serous EOC.

absorbance of each well was measured at a wavelength 
of 450 nm using a spectrophotometer (XFLUOR4 
Version: V 4.51). The 50% inhibitory concentration 
(IC50) value for cisplatin treatment was estimated based 
on the viability curve.

2.6. Cell apoptosis assay

Cells were plated at a density of 2 × 105 cells/2 mL 
medium on 6-well plates for 24 h. After transfection for 
24 h, cells were treated with 3 μg/mL cisplatin. After 
48 h of treatment, cells were harvested and washed 
twice with cold PBS. Cell apoptosis was detected using 
the Annexin V-FITC Apoptosis Detection Kit (Yuheng 
Co., Ltd, Jiangsu, China). Cells were stained with 5 μL 
Annexin V and 2 μL PI in the binding buffer for 15 min 
in the dark and then subjected to flow cytometry (BD 
FACSDiva TM Fusion).

2.7. Western blot analysis

Whole-cell lysates were prepared and quantified and then 
protein was separated on 10% SDS-PAGE gel. Protein 
was harvested using RIPA lysis buffer (Beyotime, China), 
diluted with loading buffer containing SDS (Beyotime, 
China), and denatured at 100°C for 5 min. After 
electrophoresis, protein (30 μg) was transferred to PVDF 
membranes (Millipore, Boston, MA, USA) and then 
blocked with 5% BSA. The membranes were incubated 
overnight with primary antibodies from Wanleibio 
(Shenyang, China) against MDR1 (1:500, Rabbit), Bcl-2 
(1:500, Rabbit), Bax (1:500, Rabbit), Caspase-3 (1:1,000, 
Rabbit), Caspse-9 (1:1,000, Rabbit), and Gapdh (1:1,000, 
Mouse) as a visual loading control. After membranes 
were incubated with the secondary antibody (1:4,000, 
EarthOx, San Francisco, CA, USA), protein signals were 
detected using enhanced chemiluminescence (ECL, 
Amersham, Germany).

2.8. In situ hybridization (ISH) 

The Linc00312 probes were 5'-CTTGACATCTTAGAAG
ATTAAAGGT TATTT AAAGTTGTTG-3', 5'-ATT
ACCATCCTTATTTATTTTAATGCTCAAATTGT 
CCCAA-3', and 5'-TGCAATGGCATGGCTGTTGG
TCATTCACATCTCTCTCTGT-3' (Boster Biological 
Technology Co. Ltd., Wuhan, China). Five-μm-thick 
paraffin-embedded sections were incubated for 30 min 
ahead of schedule. The sections were then procedurally 
dewaxed, rehydrated, and immersed in 3% H2O2 at 42°C 
for 10 min to inactivate endogenous peroxidase activity. 
Fragments of mRNA nucleic acid were degraded with 
pepsin that was diluted with 3% citric acid at 42°C for 10 
min. The slides were incubated with a prehybridization 
solution at 42°C for 2 hours and hybridized with an 
Linc00312 probe at 42°C in a wet box overnight. The 
next day, sections were washed with SSC, respectively 
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3.2. Linc00312 reduces chemoresistance to cisplatin in 
SKOV3 and SKOV3/DDP cells

RT-qPCR results revealed that SKOV3/DDP cells had 
a lower level of Linc00312 expression than that in 
SKOV3 cells (p < 0.01, Figure 3A). 

Table 2. The expression of Linc00312 in different ovarian cancer tissues

Group

Sensitivity
Resistance

N

15
15

-

0
0

*Sensitivity vs. resistance, *P = 0.0437

+

  8
11

++

6
4

+++

1
0

High cases (N)

7
4

High cases Rates (%)

46.7
26.7

P

0.0437*

Linc00312 expression

Figure 2. Expression of Linc00312 in paraffin-embedded 
histological sections of serous epithelial ovarian cancer 
by ISH. (A,C) chemosensitive tissue, A×200, C×400; (B,D) 
chemoresistant tissue, B×200, D×400.

Figure 1. Linc00312 expression and ROC curve analysis 
in chemo-sensitive tissues and chemo-resistant tissues of 
freshly frozen tissue samples in serous epithelial ovarian 
carcinoma. (A) Levels of expression according to RT-qPCR. 
**p < 0.01 vs. chemo-sensitive tissues. (B) ROC curve for the 
value.

Figure 3. Expression of Linc00312 in cisplatin-sensitive 
and cisplatin-resistant ovarian cancer cell lines according 
to RT-RT-QPCR, normalized to Gapdh. (A) Level of 
Linc00312 mRNA in SKOV3 and SKOV3/DDP cells, **p < 
0.01 vs. SKOV3 cell group. (B) The level of Linc00312 mRNA 
transfected with Linc00312 siRNA in SKOV3 cells, *p < 0.05 
and **p < 0.01 vs. si-NC group. (C) Expression of Linc00312 
in SKOV3/DDP cells transfected with an overexpression 
plasmid, *p < 0.05 vs. SKOV3/DDP NC group. 
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 To further investigate the effect of Linc00312 on 
cell proliferation and cisplatin resistance, siRNA was 
transfected into SKOV3 cells and GV146-Linc00312 
into SKOV3/DDP cells (Figures 3B and C). Cells 
were treated with different concentrations of cisplatin. 
Inhibition rates and IC50 values were determined with 
a CCK-8 assay. After treatment with cisplatin, the 
rate of inhibition of SKOV3-siRNA cells decreased 
significantly compared to that in SKOV3-NC cells (p 
< 0.05, Figure 4A). The rate of inhibition of SKOV3/
DDP cells with GV146-Linc00312 increased markedly 

(p < 0.05, Figure 4B). In SKOV3 cells transfected with 
siRNA, the IC50 of cisplatin was 6.308 ± 0.299 µg/mL , 
which was higher than 4.297 ± 0.148 µg/mL in control 
SKOV3 cells. The IC50 of cisplatin decreased to 4.609 
± 0.551 µg/mL in SKOV3/DDP cells transfected with 
GV146-Linc00312 in comparison to that in control 
SKOV3/DDP cells (8.817 ± 0.988 µg/mL) (p < 0.01, 
Figure 4C). These results indicate that Linc00312 acted 
as a key factor for the chemoresistance of SKOV3/DDP 
cells to cisplatin.

3.3. Linc00312 suppresses chemoresistance to cisplatin 
through activation of cell apoptosis

Resistance to apoptosis is one of the key reasons for 
a poor response to cisplatin, so the current authors 
hypothesized that Linc00312 might be involved in 
cisplatin resistance through activation of cell apoptosis. 
After transfection, cells were exposed to 3 μg/mL 
cisplatin for 48 h. Flow cytometry analysis indicated 
that suppressing Linc00312 expression in SKOV3 cells 
decreased cell apoptosis in an inverse manner (17.4000 
± 0.55678 vs. 21.0667 ± 1.65630, p < 0.05, Figures 5A 
and B, Figure 6) and that overexpression of Linc00312 
in SKOV3/DDP cells increased cell apoptosis (10.3667 
± 0.92916 vs. 6.6333 ± 0.45092, p < 0.01, Figures 5C 
and D, Figure 6). 

3.4. Linc00312 activates the Bcl-2/Caspase-3 apoptotic 
signaling pathway 

As mentioned earlier, the overexpression of Linc00312 
promoted sensitivity to cisplatin and increased the 
rate of inhibition of SKOV3/DDP cells, resulting in 

Figure 4. The rate of inhibition and the IC50 of cisplatin in 
ovarian cancer cells. (A) The rate of inhibition of SKOV3 
cells after si-Linc00312 transfection, *p < 0.05 vs. SKOV3 NC 
group. (B) The rate of inhibition of SKOV3/DDP cells after 
GV146-Linc00312 transfection, *p < 0.05 and **p < 0.01 vs. 
SKOV3/DDP NC group. (C) The IC50 of cisplatin in SKOV3 
cells transfected with Linc00312 siRNA and SKOV3/DDP 
cells transfected with an overexpression plasmid, **p < 0.01 vs. 
si-NC, ##p < 0.01 vs. GV146-NC.

Figure 5. Effect of Linc00312 siRNA and an overexpression 
plasmid on the ratio of apoptosis of SKOV3 and SKOV3/
DDP cells after exposure to cisplatin. The ratio of apoptosis 
of (A) SKOV3 si-NC, (B) SKOV3 si-Linc00312, (C) SKOV3/
DDP GV146-NC, and (D) SKOV3/DDP GV146-Linc00312.
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significantly increased cell apoptosis. To explore the 
signaling pathway for this response, the mRNA of 
drug resistance-related genes (MDP1 and MRP1) and 
apoptosis genes (Bcl-2, Bax, Caspase-3, and Caspase-9) 
was detected with RT-qPCR after transfecting cells 
with Linc00312 siRNA and an overexpression plasmid. 
When SKOV3 cells were transfected with siRNA, 
the expression of MDR1, MRP1, and Bcl-2 mRNA 
increased while the expression of Bax, Caspase-3, and 
Caspase-9 mRNA was lower than that in SKOV3 NC 
cells (p < 0.05, Figure 7A). When GV146-Linc00312 
was transfected into SKOV3/DDP cells, the reverse 
trend was evident (p < 0.05, Figure 7B). Western 
blotting was used to detect levels of MDR1, Bcl-2, Bax, 
Caspase-3, and Caspase-9 protein, and results revealed 

Figure 7. Levels of mRNA expression of several genes in (A) SKOV3 cells, *p < 0.05 vs. si-NC group, and (B) SKOV3/DDP 
cells, *p < 0.05 vs. GV146-NC group.

Figure 8. Levels of expression of MDR1, Bcl-2, Bax, Caspase-3, and Caspase-9 protein in SKOV3 and SKOV3/DDP cells. (A) 
Respective Western blots of protein expression in SKOV3 cells transfected with Linc00312 siRNA or SKOV3/DDP cells transfected 
with a GV146 plasmid. The column chart shows quantified expression in SKOV3 cells (B) and SKOV3/DDP cells (C). *p < 0.05 vs. 
si-NC group or GV146-NC group.

Figure 6. Column chart of the ratio of apoptosis in SKOV3 
and SKOV3/DDP cells. *p < 0.05 vs. si-NC group and **p < 
0.01 vs.GV146-NC group.



www.biosciencetrends.com

BioScience Trends. 2018; 12(3):309-316. 315

the same trends as were noted in levels of mRNA (p < 
0.05, Figure 8).

4. Discussion

OC is frequently treated with chemotherapy with 
cisplatin and paclitaxel, and primary chemotherapy 
is successful for 80-90% of patients (9). However, 
patients eventually become resistant to cisplatin, so 
chemoresistance significantly hampers chemotherapy 
for OC and patient prognosis (10).
 According to recent studies, Linc00312 plays a key 
role as a tumor suppressor gene. It is down-regulated 
in several cancer tissues compared to normal tissues, 
including non-small cell lung cancer (4), bladder cancer 
(5), thyroid cancer (6), and nasopharyngeal carcinoma 
(7). At present, however, the expression of Linc00312 
and its possible role in chemoresistance in OC has 
not been studied. The current study found that the 
expression of Linc00312 was much lower in 60 samples 
of serous EOC chemo-resistant tissues than that in 60 
samples of chemo-sensitive tissues according to RT-
qPCR. Furthermore, Linc00312 was mainly localized 
in the cytoplasm of serous EOC epithelial cells, and its 
expression according to ISH followed the same trend 
as that according to RT-qPCR. The ROC curve implied 
that Linc00312 could be a potential marker with which 
to distinguish chemo-resistant serous EOC from chemo-
sensitive serous EOC.
 SKOV3 and SKOV3/DDP cell lines were used to 
examine Linc00312 expression in cisplatin-resistant 
OC via in vitro experiments. The restoration of 
Linc00312 sensitized SKOV3/DDP cells to cisplatin 
and enhanced cisplatin-mediated apoptosis. Inversely, 
restraining Linc00312 decreased the responsiveness 
of SKOV3 cells to chemotherapy. This indicated 
that Linc00312 may be a promising marker for the 
identification of chemotherapy-resistant and sensitive 
OC and a biomarker for use in patients who have been 
diagnosed with OC and who are receiving platinum-
based chemotherapy. 
 To ascertain the possible mechanism for this 
phenomenon, siRNA was transfected into SKOV3 
cells and an overexpressed plasmid was transfected 
into SKOV3/DDP cells. Knockdown of Linc00312 
promoted the resistance of OC cells to cisplatin by 
suppressing cell proliferation and inducing apoptosis, 
whereas overexpression of Linc00312 sensitized OC 
cells to cisplatin. 
 Multi-drug resistance (MDR) is mainly due to ATP-
binding cassette transporters, and this phenomenon 
explains why few patients with cancer respond well 
to chemotherapy drugs (11). Multidrug resistance 1 
(MDR1) and multidrug resistance protein 1 (MRP1) 
are two well-known transporters (12) that are involved 
in cisplatin-induced resistance (13). The over-
expression of MDR1 and MRP1 inhibit intracellular 

drug accumulation and catalyze energy-dependent drug 
efflux in different malignancies (14,15), such as OC 
(16).
 Most chemotherapies kill cancer cells mainly by 
promoting cell apoptosis, and fewer cells are apoptotic 
when they are chemoresistant. Bcl-2 is mainly 
located in the mitochondria and rough endoplasmic 
reticulum, and it participates in the cell apoptosis 
intrinsic pathway by inhibiting the oligomerization 
of Bax to prolong the life cycle of cells (17). Bcl-
2 overexpression induces the immortalization of 
damaged cells, it promotes tumor development, and 
it regulates cell proliferation and apoptosis (18). Bax 
induces the permeabilization of the outer mitochondrial 
membrane and it then activates the caspase family 
to form an apoptotic signaling pathway (19,20). 
The current results indicated that underexpression 
of Linc00312 increased the expression of Bcl-2 and 
decreased the expression of Bax, Caspase-3, and 
Caspase-9, while overexpression of Linc00312 had the 
opposite effect on expression of the those genes. These 
results indicate that Linc00312 acted via the bcl-2/
caspase-3 pathway in OC cells. 
 According to previous studies, the most common 
way in which LncRNA functions is through competing 
endogenous RNA (ceRNA) during the transcription 
and post-transcriptional stages. LncRNA absorbs 
cytoplasmic miRNAs like a sponge and reduces their 
abundance, keeping miRNAs from repressing target 
proteins in various cancers (21). This is also an effective 
regulative pathway that is correlated with chemotherapy 
resistance and that has been found in OC (22,23). In 
addition, Linc00312 has been found to act as a sponge 
and down-regulate miR-197-3p, thereby inhibiting the 
invasion and migration of cancer cells (5,6). Therefore, 
Linc00312 may adsorb another miRNA and thus allow 
the expression of a target protein to increase. This in 
turn activates the Bcl-2/Caspase-3 signaling pathway 
and it promotes cell apoptosis in OC. This point will be 
studied further in the future.
 In summary, this study found that the expression 
of Linc00312 decreased significantly in chemo-
resistant serous EOC tissues compared to chemo-
sensitive tissues. Moreover, results indicated that 
Linc00312 inhibited cell proliferation and promoted 
cell apoptosis in SKOV3 and SKOV3/DDP cells. 
Linc00312 decreases Bcl-2 expression and increases 
Bax expression, thus activating the Bcl-2/Caspase-3 
signaling pathway to promote cell apoptosis, and 
this counteracts chemo-resistance to cisplatin. Thus, 
Linc00312 may be a potential target for treatment of 
cisplatin-resistant OC.
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1. Introduction

Prenatal testing is designed to acquire a fetal biological 

and genetic profile and thus detect any potential genetic 
abnormalities of the fetus. Prenatal screening for fetal 
health assessment involves maternal serum biochemical 
markers and ultrasound scan, which have limitations 
such as the need to combine a series of markers or to be 
performed at different time points. Prenatal diagnosis, 
including amniocentesis and chorionic villus sampling, 
provides information about the fetal karyotype at 
a certain gestational window and has its clinical 
applicability; however, it can also cause risks for the 
fetus (1). With the advancement of highly accurate 

Summary Noninvasive prenatal testing (NIPT) is increasingly recognized and utilized in the antenatal 
care field. In the current study, we aimed to evaluate the clinical application and compare 
test outcomes of two generations of currently used NIPT techniques for detecting fetal 
chromosome abnormalities in a high-risk prenatal population. A total of 7,252 pregnant 
women were included from twenty-one hospitals from January 2015 to September 2017. A 
maternal blood sample of each participant was collected for fetal DNA sequencing. Group I 
received a first generation NIPT sequencing technique to detect chromosome aneuploidies, and 
Group II received a second generation NIPT sequencing technique to detect subchromosome 
abnormalities. An abnormal NIPT result was reported in 0.90% (44/4,868) of the women in 
Group I and 2.68% (64/2,384) in Group II. In Group I, seventeen (17/37, 45.95%) women with 
suspected fetal aneuploidy received amniocentesis, which confirmed 100% (10/10) of positive 
trisomy 21 samples, 100% (1/1) of trisomy 18, 100% (1/1) of sex chromosome abnormality, 
0% (0/2) of trisomy 16, 0% (0/2) of trisomy 13, and 0% (0/1) of trisomy 20 and 13. In Group 
II, aneuploidy accounted for 46.88% (30/64) of the abnormal results. Five underwent 
amniocentesis and three had an abnormal result, including two cases of trisomy 21 and one 
case of chromosome 5p deletion syndrome. Whereas one case of 46,XN,del(16q11.2-q22.3) and 
another case of 46,XN,dup(Xp22.31) were considered as normal. NIPT is a quick and reliable 
screening method for detecting fetal chromosome aneuploidies and subchromosome deletions/
duplications. Challenges remain for the comprehensive clinical application of NIPT.
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noninvasive approaches, new options for prenatal 
testing become available.
 Noninvasive prenatal testing (NIPT) which 
analyzes cell-free DNA (cfDNA) of fetal origin in 
maternal circulation for detection of fetal chromosome 
abnormalities in high-risk pregnancies has received 
widespread recognition and utilization since 2011 (2). 
NIPT offers high sensitivity and specificity for common 
fetal chromosome aneuploidies such as trisomy 21, 
18, and 13. It has been proposed that the indication of 
NIPT can be expanded to all autosomes and even sub-
chromosome deletions/duplications (3). It has also 
been recommended to incorporate cfDNA screening 
into current clinical prenatal practice as a screening 
alternative for various genetic conditions. Moreover, 
guidelines of the American College of Medical Genetics 
and Genomics (ACMG) have suggested that NIPT may 
replace conventional screening of common aneuploidies 
for women across the maternal age spectrum (4).
 NIPT marks a revolution in prenatal screening and 
opens up new possibilities, but it has certain limitations, 
including coverage of only the most common trisomies, 
the possibility of both false-positive and false-negative 
results, and occurrence of test failure (5). Despite 
the above mentioned limitations, NIPT is likely to 
be increasingly adopted as part of prenatal practice. 
So far, there are two generations of sequencing 
techniques of NIPT. The first generation NIPT 
sequencing mainly detects chromosome aneuploidies, 
while the second generation NIPT sequencing can 
also detect subchromosome abnormalities. The most 
important differences between the first and second 
generation NIPT sequencing techniques are the length 
of sequencing reads and depth of coverage. The first 
generation NIPT sequencing technique for chromosome 
aneuploidies is based on reads up to 1,000 bp, while the 
size of reads for the second generation NIPT sequencing 
technique is up to 400 bp. Therefore, we investigated 
the clinical application and compared the outcomes of 
the two NIPT techniques for direct detection of fetal 
chromosome aneuploidies or subchromosome deletions/
duplications in women with high-risk pregnancies.

2. Materials and Methods

2.1. Participant recruitment

A total of 7,252 pregnant women were included 
from January 13th, 2015 to September 30th, 2017 
from the following twenty-one hospitals: Zhoushan 
Maternity and Child Healthcare Hospital, International 
Peace Maternity and Child Health Hospital, Renji 
Hospital of Shanghai Jiaotong University School of 
Medicine, Obstetrics and Gynecology Hospital of 
Fudan University, Shanghai First Maternity and Infant 
Hospital, Shanghai First People's Hospital, Shanghai 
Sixth People's Hospital, Shanghai Eighth People's 

Hospital, Shanghai Ninth People's Hospital, Changning 
Maternity and Infant Health Hospital, Putuo Maternity 
and Infant Health Hospital, Jiading Maternity and 
Infant Health Hospital, Hongkou Maternity and Infant 
Health Hospital, Maternity and Infant Health Hospital 
of Pudong New District, Shanghai Pudong Hospital, 
Shanghai Institute of Planned Parenthood Research 
Hospital, Zhongshan Hospital, Yueyang Hospital, 
Shuguang Hospital, Minhang District Central Hospital, 
and Jinshan Hospital. Maternal characteristics that 
were important risk indicators of fetal chromosome 
aneuploidy included advanced maternal age, personal 
history of abnormal gestation and birth, family history 
of chromosome aneuploidy, positive serum marker 
screening, and abnormal fetal ultrasound findings. 
The participants received either the first generation 
(Group I) or the second generation (Group II) NIPT 
sequencing technique. Peripheral venous blood of each 
participating pregnant woman was collected. The study 
protocol was approved by the institutional review board 
of Zhoushan Maternity and Child Healthcare Hospital. 
Informed consent was obtained from all participants.

2.2. cfDNA preparation and sequencing

Five to 10 mL of the maternal blood sample was 
collected and the plasma was separated from peripheral 
blood cells. Using the QIAamp DSP DNA Blood Mini 
Kit (Qiagen), cfDNA from 600 μL of maternal plasma 
was extracted following the manufacturer's protocol. 
DNA fragments were obtained with the NEBNext 
dsDNA Fragmentase (New England Biolabs) . 
Fetal Chromosome Aneuploid (T21, T18, and T13) 
Detection Kit (CapitalBio Corporation) was utilized 
for library construction, library quality control, and 
library amplification following the manufacturer's 
protocol. DNA sequencing was performed using the 
BioelectronSeq 4000 Semiconductor Sequencing 
System (CapitalBio Corporation) according to the 
manufacturer's instructions.

2.3. Statistical analysis

Age was compared using Student's t test as a continuous 
variable between the two Groups. The obtained reads 
were aligned to the human genomic reference sequences 
(hg19) using the BWA algorithm. Unmapped reads or 
those with multiple primary alignment records were 
filtered by FLAG field in the alignment file with an 
in-house Perl script. An integrated three-step process 
[LOESS regression (6), intrarun normalization (7), and 
linear model regression (8)] was applied to eliminate the 
effect of GC bias. A Z score was calculated to identify 
fetuses with trisomy 21, 18, 13, or sex chromosome 
aneuploidies. A cutoff value of Z score > 3 was set to 
determine whether the ratio of chromosome 21, 18, or 13 
was increased and hence fetal trisomy 21, 18, or 13 was 
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46.88% (30/64) of the abnormal results, followed by 
twenty-five cases of subchromosome duplication (25/64, 
39.06%), seven cases of subchromosome deletion 
(7/64, 10.94%), and two cases of both duplication and 
deletion (2/64, 3.13%). Of all screen-positive women in 
Group II, five (5/64, 7.81%) underwent amniocentesis 
and three of them had abnormal results, including two 
cases of trisomy 21 and one case of chromosome 5p 
deletion syndrome (Cri-du-chat syndrome). However, 
one case of 46,XN,del(16q11.2-q22.3) and another case 
of 46,XN,dup(Xp22.31) were considered as normal 
according to the results of amniocentesis.

3.4. Comparison between Group I and Group II

The average maternal age of Group I was 32 years 
(range: 17-54 years), and the average gestational age 

present. Then the Z scores for each 1 Mb region were 
combined and a Stouffer's Z-score method was adopted 
to improve the accuracy for detection of subchromosome 
abnormalities. A Stouffer's Z score > 5 was determined 
as microduplication, whereas a Stouffer's Z score < -5 
was classified as microdeletion.

3. Results

3.1. Study participants

A total of 7,252 pregnant women were included in this 
study and received either the first generation (Group I) 
or the second generation (Group II) NIPT sequencing 
technique. Group I contained 4,868 pregnant women, 
using the first generation NIPT sequencing technique 
to detect chromosome aneuploidies. Group II included 
2,384 women, using the second generation NIPT 
sequencing technique to detect subchromosome 
abnormalities. The percentage of pregnant women 
receiving second generation NIPT sequencing technique 
(Group II) increased significantly from the year 2015 to 
2017 (Figure 1).

3.2. Detection of fetal aneuploidies in Group I

An abnormal NIPT result (aneuploidy detected or 
"unclassified" result) was reported in 0.90% (44/4,868) 
of the women in Group I. Table 1 presents detailed 
information of abnormal NIPT results in Group I. 
 We detected fifteen candidate samples with trisomy 
21 (15/44, 34.09%), five with trisomy 13 (5/44, 11.36%), 
three with trisomy 20 (3/44, 6.81%), three with trisomy 
18 (3/44, 6.81%), three with trisomy 16 (1/44, 6.81%), 
one with trisomy 15 (3/44, 2.27%), one with trisomy 9 
(1/44, 2.27%), one with trisomy 7 (1/44, 2.27%), one 
with trisomy 20 and 13 (1/44, 2.27%), two with 45,X 
(2/44, 4.55%), one with 47,XXX (1/44, 2.27%), one with 
unclassified sex chromosome abnormality (1/44, 2.27%), 
four samples with microdeletion (4/44, 9.09%), and 
three with microduplication (3/44, 6.82%). Seventeen 
(17/37, 45.95%) women with suspected fetal aneuploidy 
received amniocentesis, which confirmed 100% (10/10) 
of positive trisomy 21 samples, 100% (1/1) of trisomy 
18, 100% (1/1) of sex chromosome abnormality, 0% (0/2) 
of trisomy 16, 0% (0/2) of trisomy 13, and 0% (0/1) of 
trisomy 20 and 13.

3.3. Detection of fetal subchromosome abnormalities in 
Group II

Sixty-four of the 2,384 (64/2,384, 2.68%) women 
in Group II who received second generation NIPT 
sequencing technique to detect subchromosome 
abnormalities were screen-positive. 
 Table 2 presents detailed information of abnormal 
NIPT results in Group II. Aneuploidy accounted for 

Table 1. Detailed information of abnormal NIPT results in 
Group I

Abnormal NIPT results

Aneuploidy
     47,XN,+7
     47,XN,+9
     47,XN,+13
     47,XN,+15
     47,XN,+16
     47,XN,+18
     47,XN,+20
     47,XN,+21
     48,XN,+13,+20
     45,X
     47,XXX
     Unclassified sex chromosome abnormality
Deletion
     46,XN,del(3)
     46,XN,del(4q34.1-q35.1)
     46,XN,del(10)
     46,XN,del(20)
Duplication
     46,XN,dup(3q26.1-q29)
     46,XN,dup(7)
     46,XN,dup(15)

% of patients with
abnormal results

  2.27%
  2.27%
11.36%
  2.27%
  6.82%
  6.82%
  6.82%
34.09%
  2.27%
  4.55%
  2.27%
  2.27%

  2.27%
  2.27%
  2.27%
  2.27%

  2.27%
  2.27%
  2.27%

N

1
1
5
1
3
3
3
15
1
2
1
1

1
1
1
1

1
1
1

NIPT, noninvasive prenatal testing.

Figure 1. Percentages of pregnant women receiving 
first (Group I) and second (Group II) generation NIPT 
sequencing techniques each year, 2015-2017.
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was 17+1 weeks (range: 6+0–36+6 weeks). The mean 
maternal age of Group II was 33 years (range: 12-
47 years), with a corresponding gestational age of 
15+3 weeks (range 4+0–34+6 weeks). There was no age 
difference (P = 0.20) between the two groups. However, 
the gestational age was significantly earlier in Group 
II compared to that in Group I (P < 0.001). NIPT was 
most actively selected at the 13th and the 9th weeks of 
gestation in Group I and II, respectively. The peak age 
range to receive NIPT in both groups was around 27-30 
and 34-37 years, respectively. Figure 2A and 2B present 
the distribution of age and gestational week of the two 
groups.
 The average maternal age was 33.2 years and the 
average gestational age was 16+5 weeks among 44 
NIPT-positive women in Group I. The average maternal 
age and average gestational age of 64 NIPT-positive 

women in Group II was 33.8 years and 14+4 weeks, 
respectively. There was no age difference (P = 0.64) 
of NIPT-positive women between the two groups. 
However, the gestational age was significantly earlier 
for NIPT-positive women in Group II compared to 
that in Group I (P < 0.007). Figure 3A and 3B show 
the distribution of maternal age and gestational age 
among NIPT-positive women in Group I and Group II, 
respectively. 
 Figure 4 shows the NIPT process and results.

4. Discussion

The rate of abnormal NIPT result was 0.90% (44/4,868) 
in Group I and 2.68% (64/2,384) in Group II. Our 
results showed that aneuploidy accounted for 84.09% 
(37/44) of the abnormal results in Group I, and 
46.88% (30/64) in Group II. Notably, subchromosome 
deletions/duplications comprised a higher percentage 
of abnormal NITP results in Group II (34/64, 53.13%) 
compared to Group I (7/44, 15.91%), which could 
be explained by the fact that the second generation 
sequencing technique offered a higher throughput and 
more sensitive platform to generate accurate data and 
unexpected DNA variation, thus increasing the screen-
positive rate and the detection rate of subchromosome 
abnormalities. The reported screen-positive rate varied 
according to the technique selected and population 
studied. The Harmony test conducted in Belgium and 
the Netherlands reported a screen-positive rate of 1.9% 
(57/3,000) of pregnancies (9). 
 The performance of the laboratory developed 
NIPT technology was evaluated using fetal karyotype 
results obtained from invasive approaches in singleton 
pregnancies as the gold standard. Of screen-positive 
women in Group I, 38.64% (17/44) received invasive 
diagnostic testing and 70.59% (12/17) of those tested 
had an abnormal result. Amniocentesis confirmed ten 
positive trisomy 21 samples, one positive trisomy 18, 
and one positive sex chromosome abnormality; while 
two cases of trisomy 16, two cases of trisomy 13, 
and one case of trisomy 20 and 13 were considered 
as normal. In Group II, five (5/64, 7.81%) women 
underwent amniocentesis and three had an abnormal 
result. Two cases of trisomy 21 and one case of Cri-
du-chat syndrome were confirmed by amniocentesis, 
whereas one case of 46,XN,del(16q11.2-q22.3) and 
another case of 46,XN,dup(Xp22.31) were considered 
as normal. Previous studies have reported that 
NIPT could be successfully validated for common 
aneuploidies in singleton pregnancies; and the detection 
rates were 99.7% for trisomy 21, 98% for trisomy 18, 
and 99% for trisomy 13 with a combined false-positive 
rate (FPR) of 0.13% (10), and the detection rate for 
subchromosome abnormalities was 71.8% (11). Another 
study using NIPT to identify common aneuploidies 
reported that the sensitivity and specificity were 

Table 2. Detailed information of abnormal NIPT results in 
Group II

Abnormal NIPT results

Aneuploidy
     47,XN,+10
     47,XN,+11
     47,XN,+13
     47,XN,+14
     47,XN,+16
     47,XN,+18
     47,XN,+21
     48,XXY,+8
     45,X
Deletion
     46,XN,del(5p15.31-15.2)
     46,XN,del(7q21.3-q31.2)
     46,XN,del(15q21.3)
     46,XN,del(16q11.2-q22.3)
     46,XN,del(17p12)
     46,XN,del(18p11.32)
Duplication
     46,XN,dup(1q44)
     46,XN,dup(2q13)
     46,XN,dup(2q22.3-q23.1)
     46,XN,dup(2q37.1-q37.2)
     46,XN,dup(2p24.3)
     46,XN,dup(4q21.1-q21.21)
     46,XN,dup(4q35.2)
     46,XN,dup(5q14.3)
     46,XN,dup(6p12.1)
     46,XN,dup(7q11.22-q11.23)
     46,XN,dup(10p14)
     46,XN,dup(12q21.1)
     46,XN,dup(14q31.3)
     46,XN,dup(16q23.3-q24.1)
     46,XN,dup(17q12)
     46,XN,dup(20p12.1)
     46,XN,dup(22q11.23)
     46,XN,dup(Xp21.3)
     46,XN,dup(Xp22.31)
Deletion and duplication
     46,XN,dup(1q41-q44), del(13q32.3-q34)
     46,XN,dup(7p21.3), del(19q13.2-q13.31)

% of patients with
abnormal results

  1.56%
  3.13%
  7.81%
  1.56%
  1.56%
  4.69%
20.31%
  1.56%
  4.69%

  1.56%
  1.56%
  1.56%
  1.56%
  3.13%
  1.56%

  1.56%
  1.56%
  1.56%
  1.56%
  1.56%
  1.56%
  1.56%
  1.56%
  1.56%
  1.56%
  1.56%
  1.56%
  1.56%
  1.56%
  1.56%
  1.56%
  3.13%
  1.56%
  9.38%

  1.56%
  1.56%

N

1
2
5
1
1
3

13
1
3

1
1
1
1
2
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
6

1
1

NIPT, noninvasive prenatal testing.
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99.94% and 99.46% for trisomy 21, 100% and 99.24% 
for trisomy 18, and 100% and 100% for trisomy 13, 
respectively (12). Data from a large referral genetic 
diagnostic laboratory in the United States showed that 
the positive predictive values (PPV) were 84% for 
trisomy 21, 76% for trisomy 18, 45% for 13, 50% for 

trisomy X, 26% for monosomy X, and 0% to 21% for 
microdeletion syndromes (13). In line with the above 
findings, our results also demonstrated that NIPT has 
better performance when screening for trisomy 21 
than other aneuploidies, while the FPR is higher and 
the PPV is lower when NIPT is used to screen for 

Figure 2. Distribution of maternal age and gestational week of all participants in Group I (n = 4,868) and Group II (n = 
2,384). A: age; B: gestational week. 

Figure 3. Distribution of NIPT-positive women by maternal age and gestational age in Group I (n = 44) and Group II (n = 64). A: 
age; B: gestational week.
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subchromosome abnormalities. 
 Compared with traditional screening methods 
and invasive approaches, cfDNA-based NIPT detects 
the core pathology of chromosome abnormalities 
instead of epiphenomenon. In addition, NIPT also has 
minimal risks of fetal losses compared to invasive 
procedures. It is estimated that the implementation of 
NIPT as a second step screening procedure in high-risk 
pregnancies would lead to a 10.2% increase in detected 
Down syndrome cases and a 96.3% decrease in fetal 
losses (14). However, NIPT needs to be implemented 
in combination with other prenatal tests to avoid certain 
limitations.
 NIPT is selected mainly for reassurance by low-risk 
pregnant women in the clinical setting (15). Studies have 
shown that introduction of NIPT as a second-tier screen 
was not associated with a decrease of invasive testing 
in the high-risk population (16). Furthermore, NIPT 
could detect unconfirmed results or variants of unknown 
clinical significance, ranging from relatively healthy 

newborns to those associated with fetal abnormality 
or pregnancy complication (17). With the increasing 
utilization of the second generation NIPT sequencing 
technique as seen in our study, how to decrease FPR 
and increase PPV becomes an important issue to avoid 
unnecessary stress for pregnant women. 
 From the biological perspective, fetoplacental 
mosaicism is one of the underlying causes of false-
positives and false-negatives in NIPT, since cfDNA 
originates from the mother and the placenta (trophoblasts) 
rather than from the fetus proper (18). Other causes of 
false positive or negative results include: pregnancy with 
twins or triplets; women with chromosome disorders, 
malignancy, or previous treatments such as transplant, 
stem-cell treatment, immune therapy, blood transfusion, 
and in vitro fertilization-embryo transfer; the interference 
of fetal balanced translocation, mosaic trisomy; and 
inappropriate collection, transferring, and handling of 
the samples (5). Meanwhile, studies have shown that 
approximately 15% of chromosome abnormalities 

Figure 4. Flow chart of NIPT process and results.
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would not be identified by NIPT among those high-
risk women with abnormalities who pursued prenatal 
diagnostic testing (16). Moreover, NIPT cannot be used 
to screen for the broad term of "any genetic condition", 
such as cleft palette, deafness, neural tube defects, or 
autism. Recently some researchers have suggested 
expanding the indication of NIPT to all autosomes and 
even subchromosome deletion/duplication syndromes 
(3). However, the majority of published consensus or 
recommendations from the professional societies are not 
in favor of the clinical implementation of NIPT to detect 
fetal microdeletions (19).
 On the technological side, there are several features 
of the sequencing platform that restrict the extensive 
application of NIPT, which include high test price, 
requirement of fetal fraction above the threshold, 
test failure after repeated sampling, difficulties to 
detect small aberrations, and high false positive rate 
(20). Moreover, standard infrastructure, innovative 
algorithm, as well as personnel expertise are required 
for subsequent data analysis (21).
 In conclusion, NIPT is increasingly recognized 
and accepted in the antenatal care field, because of 
the cost reduction and repertoire expansion to add 
subchromosome abnormalities besides the originally 
included trisomy 21, 18, 13, and sex chromosome 
aneuploidies. With the expanding availability of NIPT, 
health providers are challenged to educate patients 
about the benefits, limitations, costs, risks, results, 
and follow-up options of NIPT for adequate informed 
consent. Our study provided further evidence to support 
the utilizations and benefits of the cell-free fetal DNA 
screening technology. It is crucial to improve the 
laboratory standards for testing and reporting, execute 
pre- and post-test counseling, identify clearer indicators 
for invasive testing, and perform continuous evaluation 
in order to comprehensively establish the clinical 
application of NIPT.
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pH-Dependent exhibition of hemolytic activity by an extract of 
Hypsizygus marmoreus fruiting bodies
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1. Introduction

Higher Basidiomycetes mushrooms contain biologically 
active compounds in their fruiting bodies (1,2). Extracts 
prepared from the fruiting bodies of various mushrooms 
have been found to contain substances that act against 
red blood cells (RBCs) (3,4). These substances include 
hemolytic proteins (hemolysins), which cause the lysis 
of RBCs, and carbohydrate-binding proteins (lectins), 
which cause RBC agglutination. The carbohydrate-
binding specificity of mushroom lectins has been 
ascertained, but few studies have examined mushroom 
hemolysins. Nonetheless, some mushroom hemolysins 
have been reported to assume an oligomeric structure, 
resulting in holes in the membrane of RBCs (5) similar 
to those created by the membrane attack complex of 
the complement system (6,7) or perforin produced by 
natural killer T cells (8,9). However, the physiological 

significance of hemolysins or cell membrane disruption 
in the life cycle of basidiomycetes has yet to be 
determined.
 Hypsizygus marmoreus (buna-shimeji or brown 
beech mushroom) is an edible mushroom. Although a 
lectin from the mushroom (H. marmoreus lectin) has 
been identified (10), hemolysins from the mushroom 
and the mushroom's hemolytic activity have not been 
described. The current study examined the hemolytic 
activity of an extract of H. marmoreus fruiting bodies 
during lowering of its pH.

2. Materials and Methods

2.1. Fruiting bodies and reagents

Fruiting bodies of H. marmoreus were purchased from 
a local market. Excised fruiting bodies were freeze-
dried and stored at –30°C until use. Sheep blood 
was obtained from Nippon Bio-Supp Center, Tokyo, 
Japan. Phenylmethylsulfonyl fluoride (PMSF) and 
leupeptin were from MP Bio Japan, Tokyo, Japan, and 
ethylenediaminetetraacetic acid (EDTA) was from 
Dojindo Laboratories, Kumamoto, Japan. All chemicals 
used were of analytical grade.

Summary The current study found that an extract from the fruiting bodies of the edible mushroom 
Hypsizygus marmoreus exhibited hemolytic activity against sheep red blood cells when its pH 
was lowered. Although hemolytic activity was not detected when an extract had a neutral 
pH, an extract with a low pH exhibited potent hemolytic activity. The maximal hemolytic 
activity was exhibited by an extract with a pH of 5.5. A heat-treated extract did not exhibit 
hemolytic activity before its pH was lowered, and that activity was inhibited in the presence 
of PMSF and EDTA. The turbidity of the extract increased during lowering of its pH, and 
the precipitate fraction exhibited hemolytic activity. Fractionation by a modified Bligh and 
Dyer method and TLC analyses suggested that a hemolytic compound in the extract might be 
a type of lipid. These results suggest that a hemolytic lipid-like compound in an extract of H. 
marmoreus fruiting bodies may be released by a non-active precursor substance(s) through 
metalloenzyme(s) while the extract has a low pH.
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2.2. Extract preparation and adjustment of its pH

Pieces of freeze-dried fruiting bodies of H. marmoreus 
were grinded and sonicated 10 times for 2 sec in 10 
mM phosphate buffer (pH 7.3). The homogenate was 
centrifuged at 12,000 rpm for 30 min. The supernatant 
obtained was used as an extract.
 The extract was mixed with an equal volume of a 0.1 
M buffer at a pH range of 3.0-10.0 and incubated at 37°C 
for 30 min. The following buffers were used: a citrate 
buffer with a pH of 3.0 or 4.0, an acetate buffer with a 
pH of 5.0 or 5.5, a phosphate buffer with a pH of 6.0, 
7.0, or 8.0, and a carbonate buffer with a pH of 9.0 or 
10.0. The turbidity of the mixture was measured at 660 
nm using a UV-Vis spectrophotometer (UVmini 1240; 
Shimadzu, Kyoto, Japan).
 Inhibition of the hemolytic activity of an extract 
was examined while lowering its pH in the presence 
of 10 mM EDTA, PMSF, or 20 µg/mL of leupeptin. 
Effects of divalent metal ions were also examined using 
various metal chlorides at a concentration of 20 mM in 
the presence of 10 mM EDTA.

2.3. Assay of hemolytic activity

Sheep RBCs were used to determine hemolytic activity. 
The cells were washed with phosphate-buffered saline 
(PBS) three times. A suspension of sheep RBCs (0.1 
mL) was mixed with 1.9 mL of distilled water in order 
to cause osmotic lysis, and absorbance was measured 
at 541 nm. PBS was added to the suspension so that the 
absorbance at 541 nm would be 0.500.
 A reaction mixture (2 mL) containing 0.1 mL of 
suspended sheep RBCs prepared as described above, 
PBS, and a sample was incubated at 37°C for 10 min. 
A positive control was prepared by mixing 0.1 mL of 
suspended sheep RBCs with 1.9 mL of distilled water, 
and a negative control was prepared by similarly mixing 
the sheep RBCs with PBS. After centrifugation at 2,200 
rpm for 5 min at 4°C, the absorbance of the supernatant 
was measured at 541 nm. One hundred percent lysis 
was defined as the absorbance of the supernatant 
obtained from osmotically lysed cells (the positive 
control) (11). One unit was defined as the amount of a 
hemolytic compound causing 50% hemolysis.

2.4. Fractionation by a modified Bligh and Dyer method

Pieces of freeze-dried fruiting bodies of H. marmoreus 
(54 g) were used to obtain the hemolytic compound. An 
extract prepared as described above was treated with 
0.1 M acetate buffer (pH 5.5) and incubated at 37°C for 
30 min. After centrifugation at 12,000 rpm for 20 min, 
the precipitate was dissolved in ethanol. A fat-soluble 
fraction was obtained with a modified solvent system 
using the Bligh and Dyer method (12) with ethanol 
instead of methanol. The sample dissolved in ethanol 

was mixed with one part chloroform and 0.9 parts 
distilled water. After vigorous vortexing, the mixture 
was centrifuged. The lower layer was mixed with the 
upper layer of a mixture of chloroform/ethanol/water 
(1:1:0.9, v/v) followed by vortexing and centrifugation 
again. The resulting lower layer was evaporated 
under reduced pressure and the resulting residue was 
dissolved in ethanol.

2.5. Thin layer chromatography (TLC)

TLC was performed with TLC plates (Merck, 
Kenilworth, NJ, USA) and chloroform/methanol/water 
(60:35:6, v/v) as a development solvent. Lpids were 
detected with primulin staining and iodine vapor (13-
16). TLC plates were also subjected to a hemolysis 
assay to detect hemolytic compounds as described 
elsewhere (17).

2.6. Data analysis

Data were analyzed using Student's t-test with the 
software StatMate III (ATMS, Tokyo, Japan). A p value 
less than 0.05 was considered significant.

3. Results and Discussion

In preliminary experiments, hemolytic activity was 
detected in an acid-treated extract of H. marmoreus 
fruiting bodies but not in a neutral extract (Data not 
shown). Therefore, the relationship between the 
exhibition of hemolytic activity and the pH of the 
extract was examined. When the pH of the extract 
was adjusted at 37°C for 30 min, hemolytic activity 
was noted in acidic extracts but not in neutral or basic 
extracts (Figure 1). The maximal hemolytic activity was 
exhibited by an extract with a pH of 5.5.
 Extracts with a low pH exhibited hemolytic activity 
and also had increased turbidity (Figure 1). A turbid 
extract with a pH of 5.5 was centrifuged at 12,000 rpm 
for 20 min in order to separate the supernatant and 
precipitate fractions. Potent hemolytic activity was 
exhibited by the precipitate fraction that was dissolved 
in ethanol (data not shown). In contrast, hemolytic 
activity was not detected in the supernatant fraction 
while potent hemagglutinating activity was noted 
(data not shown). This may have been caused by H. 
marmoreus lectin (10). This finding suggests that a 
water-insoluble hemolytic compound is present in the 
extract during its incubation at a low pH.
 The effect of heat on the exhibition of hemolytic 
activity was examined. A boiled extract did not exhibit 
hemolytic activity or an increase in turbidity when its 
pH was 5.5 (Figure 2A). In contrast, the precipitate 
fraction that was obtained from an extract with a pH 
of 5.5 retained sufficient hemolytic activity even if the 
fraction was heat-treated (Figure 2B). These results 
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 To characterize the nature of the hemolytic 
compound, the precipitate fraction obtained from 
an extract with a pH of 5.5 was further fractionated 
using a modified Bligh-Dyer method as described in 
the Materials and Methods. As shown in Figure 4A, 
potent hemolytic activity was detected in the lower 

suggest that the hemolytic compound is heat-stable 
and that heat-labile metabolism may account for the 
hemolytic activity exhibited by the compound.
 The effect that inhibitors had on the generation of 
the hemolytic compound was examined. Extracts were 
prepared with a neutral pH in the presence of inhibitors 
and then their pH was lowered to 5.5. As shown in 
Figure 3, hemolytic activity during lowering of the 
pH was prevented by PMSF and the divalent cation 
chelator EDTA but not by leupeptin. Hemolytic activity 
inhibited by EDTA markedly returned in the presence 
of Ca2+, though other cations failed to sufficiently 
restore that activity (Figure 3B).

Figure 1. Effect of pH on the exhibition of hemolytic activity 
by and the turbidity of an extract of H. marmoreus fruiting 
bodies. An extract was incubated at 37°C for 30 min at the pH 
indicated. The hemolytic activity of aliquots was measured 
(open circle) and turbidity was determined (closed circle) as 
described in the Materials and Methods.

Figure 2. Effect of heat-treatment on the hemolytic activity 
of extracts before or after lowering pH. An extract prepared 
at a pH of 7.3 was boiled for 10 min and then its pH was 
lowered to 5.5 (A) or its pH was lowered to 5.5 and then it was 
boiled (B). The samples were subjected to a hemolytic assay. 
Controls were produced by omitting boiling.

Figure 3. Effect of inhibitors of hemolytic activity on 
extracts with a low pH. (A) Extracts prepared at a pH of 7.3 
were separately pretreated with or without 10 mM PMSF and 
20 µg/mL of leupeptin. (B) Extracts were pretreated with or 
without 10 mM EDTA followed by incubation with 20 mM of 
the metal ions indicated. The pretreated extracts were incubated 
at a pH of 5.5 and then subjected to a hemolytic assay.

Figure 4. Fractionation of hemolytic activity using a 
modified Bligh and Dyer method and TLC. (A) A precipitate 
fraction was fractionated by using a modified Bligh and Dyer 
method as described in the Materials and Methods. Upper 
and lower layer fractions dissolved in water and ethanol, 
respectively, were subjected to a hemolysis assay. (B) The 
lower layer fraction was developed on TLC plates using a 
solvent system of chloroform/methanol/water (60:35:6, v/
v). Detection was performed by primulin staining (lane a), 
a hemolysis assay (lane b), and iodine vapor (lane c). An 
arrowhead indicates the origin.
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layer (lipid fraction) but not in the upper layer (aqueous 
fraction), suggesting that the hemolytic component is a 
type of lipid. Primulin staining after TLC development 
revealed that the lower layer fraction contained various 
components (Figure 4B, lane a). A hemolysis assay 
of TLC plates revealed hemolytic activity at several 
places on the plate (Figure 4B, lane b). Potent activity 
was noted at the same site where a spot was produced 
by iodine vapor (Figure 4B, lane c). These results 
suggest that the hemolytic compound in an extract of 
H. marmoreus fruiting bodies with a low pH may be a 
lipid-like substance.
 Proteinous hemolysins have been found in various 
mushrooms, including aegerolysin in Agrocybe aegerita 
(18), flammutoxin in Flammulina velutipes (19), 
pleurotolysin and ostreolysin in Pleurotus ostreatus 
(11,20), erylysins in P. eryngii (21), nebrodeolysin 
in P. nebrodensis (22), schizolysin in Schzophyllum 
commune (23), and volvatoxin in Volvarilla volvacea 
(24). These hemolysins were active when the first 
extract was adjusted to a neutral pH with buffers. 
However, a proteinous hemolysin from H. marmoreus 
has yet to be described. Lowering of the pH of an 
extract of H. marmoreus was essential for it to exhibit 
hemolytic activity (Figure 1), which presumably 
explains why this activity was not been noted thus far.
 That said, the hemolytic compound found in the 
current study may be a lipid-like substance but not a 
proteinous hemolysin as has been found in various 
mushrooms. Some lipids such as fatty acids are known 
to non-specifically damage cells by disrupting their 
membrane structure. In fact, the compound found in 
the current study non-specifically caused hemolysis of 
rabbit and horse RBCs as well as sheep RBCs (data not 
shown).
 Hemolytic activity was not detected in an extract 
heated before its pH was lowered, but activity was 
detected in a heat-stable extract after its pH was 
lowered (Figure 2). Therefore, a non-active precursor 
substance(s) may be present in fruiting bodies and 
a heat-labile enzyme(s) may cause that precursor(s) 
to release a heat-stable hemolytic compound. Since 
hemolytic activity was inhibited in the presence of 
EDTA and that activity resumed with the addition of 
Ca2+ (Figure 3B), enzyme action is presumably Ca2+-
dependent. In addition, PMSF (a known serine protease 
inhibitor) was an effective inhibitor of hemolytic 
activity during lowering of the extract's pH (Figure 3A). 
However, leupeptin (a competitive inhibitor of serine 
protease) did not inhibit hemolytic activity (Figure 3A). 
Therefore, a metalloenzyme possessing a catalytically 
active serine residue in its active site, but not serine 
protease, might be responsible for the formation of a 
hemolytic compound. The structure of the hemolytic 
lipid-like compound(s) and the precursor(s) and the 
enzymes in H. marmoreus fruiting bodies need to be 
studied further.

 The role of mushroom hemolysins is somewhat 
unclear. Since hemolysins influence the cell membrane 
structure and lyse cells, hemolysins may provide 
protection from outside factors or participate in the 
fusion of mycelia in the life cycle of basidiomycetes (3). 
The hemolytic lipid-like compound found in the current 
study is not thought to exist as a free active substance 
in the fruiting bodies of H. marmoreus. If hemolytic 
activity is regulated in the life cycle of H. marmoreus, 
the current study might provide new evidence of 
the physiological role of hemolytic components in 
basidiomycetes.
 In conclusion, a non-active precursor substance(s) 
may release a hemolytic lipid-like compound from 
an extract of H. marmoreus fruiting bodies through 
metalloenzyme(s) while the extract has a low pH.
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inhibits the production of inflammatory mediators regulated by 
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1. Introduction

Herba Siegesbeckiae (HS, Xixiancao in Chinese), as 
a medicinal herb, was first documented in the Newly 
Revised Materia Medica (Xinxiu Bencao), issued in 

A.D. 659 in the Tang Dynasty of China. It functions 
to eliminate wind-dampness and relieve joint pain 
(1,2). In the 2015 edition of Chinese Pharmacopeia, it 
is recorded that the aerial parts of three Siegesbeckia 
genus plants Siegesbeckia pubescens Makino, S. 
orientalis L. and S. glabrescens Makino are used as 
HS (3). In the clinic, HS is widely prescribed to treat 
inflammatory diseases such as furuncle, arthritis and 
gout (4). Some preparations made solely from this 
herb are commercially available (e.g. Xixian Pill/
Tablet) in China and European countries. Of these 
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preparations, the patent drug Joint and Muscle Relief 
Tablets™ produced by Phynova is the first traditional 
Chinese medicine licensed under the Traditional Herbal 
Medicinal Products Directive in the United Kingdom 
(5). Although there is no contention regarding the use, 
and efficacy, of HS in the treatment of inflammatory 
disorders, the mode and mechanism of action of this 
herb are poorly understood.
 Pharmacological studies have demonstrated that HS 
possesses anti-inflammatory effects in animal models, 
such as xylene-induced ear edema in mice; cotton-
ball-induced granuloma (6), collagenase-induced paw 
edema (7) and urate-induced synovitis in rats (4); as 
well as rheumatoid arthritis induced by mixed arthrogen 
monoclonal antibody in mice (8). In vitro studies have 
shown that HS inhibits inflammatory mediators by 
suppressing the MAPK- and NF-κB-pathways in LPS-
stimulated RAW264.7 cells (9). Kirenol, a natural 
compound occuring in HS, has been reported to inhibit 
NF-κB activity and exert anti-inflammatory effects in 
collagen-induced arthritic rats (10). However, these 
mechanistic studies do not address whether HS/kirenol 
affect(s) molecular events upstream and/or downstream 
of NF-κB and MAPKs, which are downstream effectors 
of troll-like receptor 4 (TLR4). TLR4 is part of a receptor 
complex that recognizes and responds to the bacteria 
lipopolysaccharide (LPS) ligand (11,12). TLR4 signalling 
pathway activation has been implicated in inflammatory 
disorders. TLR4 signalling activates transcription factors 
such as NF-κB, AP-1 and IRF3. These proteins are key 
inflammatory response mediators (13). In this study 
we found that inhibition of the IRAK4/MAPKs/AP-
1, IRAK4/MAPKs/NF-κB, IRAK4/PI3K/NF-κB and 
TRAF3/TBK1/IRF3 pathways is associated with the 
inhibitory effects of HS on inflammatory mediators in 
LPS-stimulated RAW264.7 cells. These novel findings 
provide additional justification for the clinical application 
of HS in the treatment of inflammatory disorders.

2. Materials and Methods

2.1. Reagents and materials

LPS from Escherichia col i  O55:B5,  dimethyl 
sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) and Griess 
reagent were obtained from Sigma Chemicals Ltd. (St. 
Louis, MO, USA). Penicillin, streptomycin, Dulbecco's 
Modified Eagle Medium (DMEM) and foetal bovine 
serum (FBS) were purchased from Hyclone (Logan, 
UT, USA). Cyclooxygenase-2 (COX-2), Inducible 
nitric oxide synthase (iNOS), TNF receptor associated 
factor protein 3 (TRAF3), IKKα/β, PI3K, phospho-
PI3K p85 (Tyr458)/p55 (Tyr199), phospho-IKKα/β 
(Ser176/180), IκBα, phospho-IκBα (Ser32), NF-κB p50, 
IFN regulatory factor 3 (IRF3), phospho-IRF3 (Ser396), 
extracellular signal-regulated kinase (ERK), phospho-

ERK (Thr202/Tyr204), c-Jun N-terminal kinase (JNK), 
phospho-JNK (Thr183/Tyr185), p38 mitogen-activated 
protein kinase (p38), phospho-p38 (Thr180/Tyr182), 
TGFβ-activated kinase 1 (TAK1), phospho-TAK1 
(Ser412), interleukin-1 receptor-associated kinase 1 
(IRAK1), IRAK4, TANK-binding kinase 1 (TBK1), 
phospho-TBK1 (Ser172) and GAPDH monoclonal 
antibodies were obtained from Cell Signalling 
Technology (Boston, MA, USA). TNF receptor 
associated factor protein 6 (TRAF6), Akt, phospho-Akt 
(Ser473), NF-κB p65, phospho-NF-κB p65 (Ser536), 
c-Jun, phosphor-c-Jun (Ser63), Pol II (H-224) antibodies 
were obtained from Santa Cruz Biotechnology (Santa 
Cruz, CA, USA). Acetonitrile (ACN, HPLC grade) 
was obtained from RCI Labscan Limited (Thailand). 
A Milli-Q system (Millipore, MA, USA) was used to 
prepare ultra-pure water for HPLC analyses. Ethanol 
(absolute) was from Merck (Darmstadt, Germany). 
Other materials used in bioassays were from Life 
Technologies Inc. (GIBICO, USA).

2.2. Herbal materials

Three Siegesbeckia genus plants are used as origins of 
HS in China. However, HS derived from S. orientalis 
is the most commonly used. In this study, we used 
the dried aerial part of S. orientalis, which originates 
in Hubei province, China (Longitudes: 108–116°E, 
latitudes: 29–33°N). The herb was purchased from the 
Hubei Shen Nong Traditional Chinese Medicine Co. 
Ltd and authenticated by Professor Hubiao Chen (Hong 
Kong Baptist University, HKBU). A voucher specimen 
(No.20141101) has been deposited at the School of 
Chinese Medicine, HKBU.
 HS is traditionally used in the forms of decoction 
(extraction using water) and pill made from herb 
powder, suggesting that the bioactive components of HS 
may be polar and/or non-polar. Previously, we extracted 
the herb with three different solvents including water, 
50% ethanol and 95% ethanol; and compared the 
inhibitory effect of the three extracts on NO production 
in LPS-stimulated RAW 264.7 cells. Results indicated 
that the extract prepared with 50% ethanol possesses 
the most potent inhibitory effect on NO production 
(14). Thus, we used 50% ethanol to extract the herb in 
this work. HS (10 g) was grounded and macerated for 
1 h with 100 mL of 50% ethanol at room temperature 
(25 ± 2°C ), and then extracted by refluxing twice for 
1 h each. The extracts were filtered and combined after 
cooling; the filtrate and washings were combined and 
then concentrated by rotary evaporation under reduced 
pressure to remove the solvent. The concentrated 
extracts were rapidly frozen at −80°C, and then dried 
in a freeze-dryer (Virtis freeze mobile, Virtis Co., 
Gardiner, USA). The yield of the extract (HS for 
short) was 18.03%. To prepare the sample solution for 
bioassays, HS was freshly dissolved in DMSO, filtered 
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2.7. Real-time polymerase chain reaction analysis

RAW264.7 cells were seeded in 6-well plates (1.0 × 
105 cells/mL) and allowed for adhere over night. After 
pretreatment with HS (80 μg/mL) for 1 h, the cells were 
incubated in the presence or absence of LPS (100 ng/ 
mL) for another 16 h. Trizol reagent (Invitrogen, USA) 
was used to prepare total RNA. Five μg of RNA was 
used for reverse transcription by oligo-dT using the 
SuperScript II Reverse Transcription Kit (Invitrogen, 
USA). The following primers were used: iNOS (Sense 
5'-AGCAACTACTGCTGGTGGTG-3' and anti-sense 
5'-TCTTCAGAGTCTGCCCATTG-3'), COX-2 (Sense 
5'-CTGGAACATGGACTCACTCAGTTTG-3' and 
anti-sense 5'-AGGCCTTTGCCACTGCTTGT-3'), IL-
1β (Sense 5'-GAAGAAGAGCCCATCCTCTG-3' and 
anti-sense 5'-TCATCTCGGAGCCTGTAGTG-3'), IL-6 
(Sense 5'-AGTCCGGAGAGGAGACTTCA-3' and anti-
sense 5'-ATTTCCACGATTTCCCAGAG-3'), TNF-α 
(Sense 5'-ATGAGAAGTTCCCAAATGGC-3' and anti-
sense 5'-CTCCACTTGGTGGTTTGCTA-3' ), mPGES-1 
(Sense 5'-ATGAGGCTGCGGAAGAAGG-3' and anti-
sense 5'-GCCGAGGAAGAGGAAAGGATAG-3'), MCP-
1 (Sense 5'-AATGCTAACGCCACCGAGAG-3' and anti-
sense 5'-CCTTGTTCTGCTCCTCATAGTCC-3'), MIP-
1α (Sense 5'-CCCAGCCAGGTGTCATTTTCC-3' and 
anti-sense 5'-GCATTCAGTTCCAGGTCAGTG-3'), 
RANTES (Sense 5'-CATATGGCTCGGACACCA-3' and 
anti-sense 5'-ACACACTTGGCGGTTCCT-3'), GAPDH 
(Sense 5'-GGCCTTCCGTGTTCCTACC-3' and anti-
sense 5'-TGCCTGCTTCACCACCTTC-3'); Real-time 
PCR analysis was conducted using SYBR green reaction 
mixture in the ABI 7500 Fast Real-time PCR System 
(Applied Biosystems, USA) (20).

2.8. Western blotting

RAW 264.7 cells were seeded in 60-mm-diameter 
culture dishes (2 × 105 cells/mL) and allowed to adhere 
overnight. The cells were treated with HS at indicated 
concentrations for 1 h, and then in the presence or 
absence of LPS (100 ng/mL) for indicated periods (30, 
60 min; or 24 h). Cell total extract, cytosolic fraction 
and nuclear fraction were prepared, respectively. 
Soluble lysates were immunoblotted with the designated 
antibodies, and signals were detected by ECL detection 
reagents (Amersham Biosciences, USA) (21).

2.9. Statistical analysis

Data were presented as the mean ± SD of at least 
three triplicate determinations. Statistical differences 
were determined using one-way ANOVA followed by 
Tukey's multiple comparisons test. GraphPad Prism 
5.0 (GraphPad Software, San Diego, CA) was used 
for statistical analyses. P < 0.05 was considered to be 
statistically significant.

with a syringe filter (0.22 µm), and then diluted with 
cell culture medium to various concentrations.
 For the quality control of the prepared HS, HPLC 
analyses were performed on an Agilent 1260 series 
HPLC-DAD system using a previously described 
method (15) with some modifications. The separation 
was conducted on an AlltimaTM C-18 analytical column 
(250 mm × 4.6 mm I.D., 5 µm) with a gradient mobile 
phase of solvent A (ultra-pure water) and solvent B 
(acetonitrile). The HPLC elution profile was as follows: 
0-6 min, 30% B; 6-20 min, 30-45% B; 20-30 min, 45% 
B. The flow rate was maintained at 1.0 mL/min and the 
column temperature was set at 25°C. The chromatograms 
were monitored with the DAD detector at a wavelength 
of 215 nm. Each sample of 20 μL was injected for 
analysis.

2.3. Cell culture

The RAW267.4 murine macrophage cell line (ATCC 
TIB-71) was obtained from the American Type Culture 
Collection (Manassas, VA, USA). The cells were 
cultured in DMEM at 37°C with 5% CO2 in a humidified 
incubator. Heat inactivated FBS (5%) and penicillin/
streptomycin antibiotic cocktail (1%) were included in 
the culture (16).

2.4. Cell viability assay

RAW264.7 cells were seeded in 96-well plates (5 × 103 
cells/well) and allowed to adhere overnight. The cells 
were treated with HS at indicated concentrations for 1h, 
and further treated in the presence or absence of LPS 
(100 ng/mL) for another 24 h. The final concentration 
of DMSO in the cell culture medium was less than 
0.05% (v/v). Cell viability was evaluated using the 
MTT assay as described (17). 

2.5. Enzyme-linked immunosorbent assay (ELISA) 

RAW264.7 cells were seeded in 24-well plates (1.5 × 105 
cells/well) and allowed to adhere overnight. The cells 
were treated with indicated concentrations (µg/mL) of 
HS for 1 h, and then in the presence or absence of LPS 
(100 ng/mL) for another 24 h. ELISA kits purchased 
from eBioscience (San Diego, CA, USA) were used to 
determine PGE2, MCP-1, MIP-1α, IL-1, IL-6, TNF-α 
and RANTES in the supernatants of the cell cultures 
following manufacturer's instructions (18).

2.6. Nitric oxide (NO) production measurement

The supernatant of cultured RAW 264.7 cells obtained 
in Section 2.5 was used to measure NO production by 
determining the accumulated nitrite formed using the 
Griess reagent according to manufacturer's instructions 
(Sigma) (19). 
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3. Results and Discussion

In clinic, HS is commonly prescribed for treating 
hypertension, malaria, neurasthenia, hepatitis, and  
inflammatory diseases such as rheumatic arthritis 
and gout. Phytochemical investigations revealed that 
this herb contains various types of compounds such 
as diterpenoids, sesquiterpenoids and flavonoids. 
Diterpenoids are reported as being major bioactive 
components of HS (22).  Kirenol and darutigenol are two 
diterpenoids abundant in HS. Kirenol has been shown 
to inhibit NF-κB activity and exert anti-inflammatory 
effects in collagen-induced arthritic rats (10). In this 
study, the HPLC chromatogram showed that kirenol and 
darutigenol were present in HS (Figure 1). The mean 
contents of kirenol and darutigenol in HS were 0.51% 
and 0.22%, respectively. Further studies are required to 
identify the anti-inflammatory compounds in HS.
 Previous studies indicated that the MAPKs and 
NF-κB signalling pathways play essential roles in the 
inhibitory effects of HS on inflammatory mediators 
(9,20). MAPKs and NF-κB are components of TLR4 
signalling cascades. We believe that inhibition of TLR4 
signalling pathways contributes to the inhibitory effects 
of HS on inflammatory mediators. 
 In this work, LPS-stimulated RAW264.7 macrophage 
cells were used as the TLR4-activated cell model to 
investigate the inhibitory effect of HS on inflammatory 
mediators. To determine sub-lethal concentrations of 
HS, MTT assays were first conducted. In the presence 
or absence of 100 ng/mL of LPS, the viability of 
RAW264.7 cells was not significantly altered during a 
24-h treatment with up to 120 μg/mL of HS (Figure 2A). 
HS concentrations of 20, 40 and 80 μg/mL were used in 
subsequent assays.
 TLR4 transduces signals through the MyD88-
dependent and MyD88-independent pathways, which 
are mainly mediated by the activation of transcription 
factors NF-κB, AP-1 and IRF3. Upon LPS stimulation, 
NF-κB and AP-1 are activated via the MyD88-
dependent pathway, and IRF3 is activated via the 
MyD88-independent pathway in macrophages (13). We 
have determined the effect of HS on pro-inflammatory 
mediators regulated by the three transcription factors 
in LPS-induced RAW264.7 cells, and observed that HS 
concentration-dependently reduced the production of 
PGE2 (regulated by NF-κB), MCP-1, MIP-1α (regulated 
by AP-1), and RANTES (regulated by IRF3) (Figure 
2B), and lowered mRNA levels of iNOS, COX-2, IL-
1β, IL-6, TNF-α, mPGES-1, MCP-1, MIP-1α and 
RANTES (Figure 2C). Additionally, HS inhibited other 
NF-κB-regulated inflammatory mediators that have 
previously been reported (9,20). These mediators have 
been examined (Supplementary Figure 1S, http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=26) and discussed in the subsequent sections.
 We determined the effect of HS on the nuclear 

localization of transcription factors NF-κB, AP-1 
and IRF3 in LPS-induced RAW264.7 cells. Our 
results indicate that the nuclear protein levels of NF-
κB subunits (p65 and p50), AP-1 subunits (c-Jun and 
c-Fos) and IRF3 were markedly increased upon LPS 
stimulation. HS concentration-dependently reversed the 
increment (Figure 3A). Moreover, LPS-induced down-
regulation of p65, p50, c-Jun and c-Fos in the cytoplasm 
was dose-dependently inhibited by HS (Figure 3B). 
Cytoplasmic IRF3 levels were not significantly altered 
by the treatments (data not shown). These results 
demonstrate that HS inhibits the production of pro-
inflammatory mediators regulated by NF-κB, AP-1 
and IRF3, suggesting that both MyD88-dependent and 
MyD88-independent pathways are involved in the anti-
inflammatory effects of HS. 
 Upon activation of MyD88-dependent signalling, 
MyD88 recruits IRAK4, thereby allowing the association 
of IRAK1. The TLR4 receptor complex-associated 
IRAK1 is phosphorylated by IRAK4, which in turn 
promotes the autophosphorylation and dissociation 
of IRAK1 from the receptor complex. Subsequently, 
IRAK1 interacts with TAK1-TAB1-TAB2 kinase 
complex-associated TRAF6. This interaction leads 
to the ubiquitylation of TRAF6, which induces the 
activation of TAK1 (23). The activated TAK1 induces 
the phosphorylation of MAPKs and IKK, leading to 
the activation of transcription factors NF-kB and AP-1 
(24,25). Upon activation of the MyD88-independent 
pathway, the TRAF3/TBK1 complex is activated, 
resulting in the phosphorylation and nuclear localization 
of IRF3 (26). Our results showed that HS inhibited 
LPS-induced degradation of IRAK1 and IRAK4, 
concentration-dependently lowered protein levels of 
TRAF6, TRAF3, and phosphorylated forms of TAK1 
and TBK1 (Figure 4A). These data further suggest the 
involvement of both MyD88-dependent and MyD88-
independent pathways in the effects of HS. 
 A c t i v a t i o n  o f  I K K  k i n a s e  i n i t i a t e s  t h e 
phosphorylation and degradation of IκBα resulting in 
the release of p50-p65 for nuclear translocation, and the 
eventual mediation of NF-κB-dependent transcriptional 
activity (27). Studies have demonstrated that the 
PI3K/Akt pathway can regulate NF-κB signalling 
positively or negatively (28,29). Our results showed 
that HS concentration-dependently inhibited the 
phosphorylation of MAPKs (JNK, ERK and p38), IκBα 
and NF-κB p65. HS also inhibited the protein expression 
of iNOS and COX-2, the secretion of cytokines (IL-
1β, IL-6 and TNF-α) and the production of NO in 
a concentration-dependent manner (Supplementary 
Figure 1S, http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=26). These results are 
consistent with observations in previous reports (9,20) 
and thus confirm the involevement of MAPKs and 
NF-κB signalling in the effects of HS. Our results also 
showed that HS concentration-dependently inhibited 
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Figure 1. HPLC analyses of HS and mixed standards (kirenol and darutigennol) (A. Mixed standards; B. HS sample).

Figure 2. HS inhibited inflammatory mediators in LPS-stimulated RAW 264.7 cells. (A) Effects of HS on the cell viability in 
the absence (upper panel) or presence of LPS (lower panel). (B) HS reduced the production of PGE2, MCP-1, MIP-1α and RANTES. 
(C) HS decreased mRNA levels of iNOS, COX-2, IL-1β, IL-6, TNF-α, mPGES-1, MCP-1, MIP-1α and RANTES in LPS-stimulated 
RAW 264.7 cells. Data are shown as mean ± SD from tree independent experiments. **P < 0.01 vs. value in corresponding control; 
##P < 0.01, #P < 0.05 vs. value in cells treated with LPS alone.
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LPS-induced phosphorylation of PI3K, Akt, IKK, c-Jun, 
c-Fos and IRF3 (Figure 4B). These findings support 
the involvement of the MyD88-dependent pathways 
of MAPKs/AP-1 and PI3K/Akt, and the MyD88-
independent pathway TBK1/IRF3 in the effects of HS. 
As stated previously, the role of Akt signalling in NF-
κB activation is still controversial. Further studies are 
needed to delineate the inhibitory effect of HS on the 
Akt/NF-κB pathway. 

 Although we examined the proteins levels of TLR4, 
MyD88 and TRAM (data not shown) following HS 
treatment, we did not observe any significant changes. 
Previous studies suggest that some agents can alter the 
interaction between TLR4 receptor complex and LPS 
by competitively binding to the extracellular domain 
of TLR4 (30). Therefore, further studies are needed 
to determine the possible abrogation of LPS-TLR4 
interaction by HS in RAW264.7 cells.

Figure 3. Effects of HS on the nuclear localization of the three transcription factors in LPS-induced RAW264.7 cells. (A) 
HS decreased nuclear protein levels of NF-κB subunits (p65 and p50), AP-1 subunits (c-Jun and c-Fos) and IRF3. (B) HS inhibited 
down-regulation of cytoplasmic protein levels of p65, p50, c-Jun and c-Fos. Results of a typical experiment from three independent 
ones are shown.

Figure 4. Effects of HS on molecules involved in the TLR4 signaling pathways in LPS-stimulated RAW 264.7 cells. (A) Effects 
of HS on protein levels of TRAF6, TRAF3, IRAK1, IRAK4, phospho-TAK1, TAK1, phospho-TBK1 and TBK1. (B) Effects of HS 
on protein levels of phosphorylated and nonphosphorylated forms of PI3K, Akt, IKK, c-Jun, c-Fos and IRF3. Results of a typical 
experiment from three independent ones are shown.
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4. Conclusion

In this study, our results indicate that inhibition of 
the IRAK4/MAPKs/AP-1, IRAK4/MAPKs/NF-κB, 
IRAK4/PI3K/NF-κB and TRAF3/TBK1/IRF3 pathways 
is associated with the inhibitory effects of HS on 
inflammatory mediators in LPS-stimulated RAW264.7 
cells. Therefore, not only do our experiments support 
the use of HS as a medicinal herb in the treatment of 
various inflammatory conditions, they also provide a 
novel pharmacological and mechanistic insight into 
the fundamentals of its activity. However, additional 
studies are warranted to further explore the molecular 
mechanism of action and identify the bioactive 
components of HS.
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1. Introduction

The circulatory system, consisting of the cardiovascular 
and lymphatic systems, transports circulating nutrients, 
oxygen, hormones, growth factors, and their metabolites 
to tissues and cells. Angiogenesis, the growth of new 
capillary blood vessels in the body, is an important 
physiological process (1). It is highly regulated by a 
precise balance of growth and inhibitory factors produced 
in healthy tissues (2,3). However, abnormal blood vessel 

growth due to the imbalance of these factors is related 
to many deadly and debilitating pathological conditions, 
including cancer, diabetic ulcers, and rheumatoid arthritis 
(1,4). More and more diseases are being reported to have 
angiogenesis as an underlying mechanism.
 Vascular endothelial growth factor (VEGF) is 
considered to be the strongest stimulator of angiogenesis 
(5). It promotes the proliferation and migration of 
endothelial cells, antagonizes cell apoptosis and 
promotes differentiation through activating intracellular 
tyrosine kinase, and finally directly forms blood vessels. 
Moreover, VEGF can also initiate the proteolytic enzyme 
system to participate in the degradation of extracellular 
matrix and promote the formation of new blood 
vessels (6). In addition, VEGF may increase vascular 
permeability resulting in plasma protein extravasation, 
participate in the formation of vascular basement 
membrane and extracellular matrix, and provide support 
for endothelial cell migration and blood vessel growth (7). 
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In contrast, soluble fms-like tyrosine kinase-1 (sFlt-1) is 
a tyrosine kinase protein that disables proteins that cause 
blood vessel growth (8,9).
 The growth, maturation, and reproduction of 
parasites in a host are inseparable from nutrient supply 
and metabolite excretion, both of which depend on the 
circulatory system (10). Angiogenesis in a host during 
a parasitic infection can be activated by various factors 
produced by the parasites themselves. For example, 
echinococcosis caused by Echinococcus multilocularis 
produces tumor-like infiltrative growth in the host liver, 
and causes the development of hydatid cysts wrapped 
by granulation tissues, with abundant new vessels 
visible (11). This is partially attributed to the glucose 
phosphate isomerase expressed by E. multilocularis, 
which is not only essential for the growth, development, 
infiltration, and metastasis of E. multilocularis, but also 
plays a potential role in host angiogenesis (12). 
 In addition to parasite-derived factors, parasite-
infected hosts can also produce factors that promote 
angiogenesis in the host. Myeloid-derived suppressor 
cells (MDSC) including polymorphonuclear MDSCs 
(PMN-MDSC) and monocytic MDSCs (M-MDSC) 
are activated and enriched during parasitic infections, 
and play an important role in immunosuppression (13). 
These cells have a proangiogenic role in the processes 
of tumor growth, invasion and metastasis (14-16), 
but whether they function similarly during parasitic 
infection is unclear. It has been reported that MDSCs 
secrete angiogenic factors such as VEGF and/or 
directly differentiate into vascular endothelial cells to 
promote host angiogenesis, which is beneficial to tumor 
development. In our previous studies, we found that 
hydatid cysts of Echinococcus granulosus promoted 
the formation of tubes by human umbilical vein 
endothelial cells (HUVEC) in vitro (17). We also found 
that MDSCs were significantly enriched in the spleen 
and peripheral blood of BALB/c mice infected with E. 
granulosus, and played an immunosuppressive role (18). 
Moreover, M-MDSCs from the spleen of BALB/c mice 
infected with E. granulosus could significantly promote 
HUVECs into forming tubes. 
 We therefore investigated the potential proangiogenic 
role of PMN-MDSCs from the spleen of BALB/
c mice infected with E. granulosus using the tube 
formation assay and analysis of key angiogenic factors. 
To our knowledge, this is the first time this has been 
investigated, and the results have important implications 
for the prophylaxis and treatment of echinococcosis.

2. Angiogenesis caused by E. granulosus infection

Host angiogenesis caused by parasite infection is an 
extremely complicated process that is not only affected 
by parasitic factors; host response to infection is also 
important (10). In general, the exchange of angiogenic 
factors between parasite and host plays an important 

role. In this study, around 2,000 live protoscoleces from 
sheep liver hydatid cysts were injected intraperitoneally 
into each BALB/c mouse (aged 4 weeks), and it was 
clear that new blood vessels were wrapped around the 
outside of cysts developed 8 months post infection 
through visual observation (Figure 1A). Meanwhile, 
CD31 was highly expressed in these tissues using 
immunohistochemistry (Figure 1B), suggesting that the 
host cells stimulated by this parasite have a tendency to 
differentiate into endothelial cells, thereby possessing 
the potential for the tube formation that is necessary for 
angiogenesis. 
 It has been reported that the supernatant from hydatid 
cysts isolated from mice infected with E. granulosus 
significantly induced HUVEC tube formation in vitro 
(17), suggesting that parasite-derived angiogenic factors 
are involved in the regulation of host angiogenesis. In the 
current study, a significantly higher level of VEGF was 
found in serum from mice infected with E. granulosus 
(548.100 ± 134.200 pg/mL) than in serum from control 
mice (76.950 ± 2.760 pg/mL; t = 4.109, p = 0.001) by 
Enzyme-linked immunosorbent assay according to the 
instructions of Mouse VEGF ELISA Kit (RayBiotech, 
USA) (Figure 1C). It is therefore likely that this increased 
level of VEGF could boost host angiogenesis.

339

Figure 1. Angiogenesis casused by E. granulosus. (A) New 
blood vessels wrapped around the hydatid cysts isolated from 
mice infected with Echinococcus granulosus. (scale: cm) 
(B) CD31 was highly expressed in the tissues surrounding 
the hydatid cysts using immunohistochemical staining. (C) 
Higher level of VEGF in serum from mice infected with E. 
granulosus compared with controls (n = 7, each) detected by 
ELISA. (D) Total tube segment length induced by supernatant 
of PMN-MDSCs from infected mice was higher than that 
from controls. (E) HUVEC tube formation induced by the 
supernatant from PMN-MDSCs from infected mice. (F) 
HUVEC tube formation induced by RPMI-1640. *p < 0.05.
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other angiogenic factors in addition to VEGF derived 
from host cells (such as MDSCs) and pathogens (such as 
E. granulosus) in the microenvironment of local lesions 
should be clarified in future studies. This would provide 
ideas for the further study of host angiogenesis induced 
by E. granulosus infection.
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