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Advance in studies on traditional Chinese medicines to treat 
infection with the hepatitis B virus and hepatitis C virus

Jufeng Xia1, Yoshinori Inagaki1, Peipei Song2, Tatsuo Sawakami1, Norihiro Kokudo1, 
Kiyoshi Hasegawa1, Yoshihiro Sakamoto1, Wei Tang1,*

1 Hepato-Biliary-Pancreatic Surgery Division, Department of Surgery, Graduate School of Medicine, The University of Tokyo, Tokyo, 
Japan;

2 Graduate School of Frontier Sciences, The University of Tokyo, Kashiwa-shi, Chiba, Japan.

1. Introduction

Hepatitis is a type of inflammation occurring in the 
liver. Acute hepatitis can be self-limiting and progress 
to chronic hepatitis or it can lead to acute liver failure 
in rare instances (1). Chronic hepatitis may progress to 
fibrosis, cirrhosis, or liver cancer. Hepatitis viruses are 
the most common cause of hepatitis around the world. 

There are 5 major hepatitis viruses, types A, B, C, D, 
and E. These five types are of great significance because 
of their morbidity and mortality and their potential 
for causing outbreaks and spreading extensively (2). 
Types B and C cause chronic liver disease in hundreds 
of millions of people worldwide, especially in Africa 
and Central and East Asia, and these 2 types are the 
most common cause of cirrhosis and liver cancer (3). 
Although a few antivirals have been used to inhibit 
the hepatitis B virus, they also lead to obvious dose-
dependent adverse reactions and drug resistance (4). 
Interferon-α (IFN-α) was the world's first medication 
to treat chronic hepatitis B virus (HBV) infection (5). 
However, IFN-α does not yield satisfactory therapeutic 
outcomes and it leads to several adverse reactions such 
as flu-like syndrome, fatigue, drowsiness, and low blood 
counts (6). Lamivudine, also called 3TC, was a major 

Summary Traditional Chinese medicine (TCM), as a type of complementary and alternative medicine 
(CAM), is a sophisticated and time-honored form of healthcare in China. Many TCMs 
are widely used to treat hepatitis B and hepatitis C in countries like China, Japan, and 
South Korea. Since conventional clinical preparations like interferon-α cause obvious dose-
dependent adverse reactions and drug resistance, TCMs and related bioactive compounds 
have garnered increasing attention from physicians and medical researchers. Thus far, a 
number of TCMs and compounds have been used to inhibit the hepatitis B virus (HBV) 
or hepatitis C virus (HCV) in vitro, in vivo, and even in clinical trials. The current review 
summarizes TCMs and related compounds that have been used to inhibit HBV or HCV. Most 
of these medicines are derived from herbs. HepG2.2.15 cells have been used to study HBV in 
vitro and Huh7.5 cells have been similarly used to study HCV. Ducks have been used to study 
the anti-HBV effect of new medication in vivo, but there are few animal models for anti-HCV 
research at the present time. Thus far, a number of preclinical studies have been conducted 
but few clinical trials have been conducted. In addition, a few chemically modified compounds 
have displayed greater efficacy than natural products. However, advances in TCM research 
are hampered by mechanisms of action of many bioactive compounds that have yet to be 
identified. In short, TCMs and related active compounds are a CAM that could be used to 
treat HBV and HCV infections.
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medication to treat HBV infection, but its therapeutic 
outcomes are also accompanied by a number of adverse 
reactions and it leads to drug resistance with long-
term administration (7). Recently, the most common 
therapy for chronic hepatitis C virus (HCV) has been 
IFN-α plus ribavirin. Both markedly inhibit the virus. 
However, both also cause various adverse reactions as 
well. Adverse reactions to IFN-α have previously been 
mentioned. Ribavirin is a major ribonucleic analog that 
is used to suppress HCV, but it often leads to a series 
of adverse reactions such as anemia, pain, fever, and 
trouble breathing (8,9). Besides these adverse events, 
most antivirals are costly. Therefore, novel drugs are 
urgently needed to treat HBV and HCV infection. 
Accordingly, alternative and complementary medicines 
(ACM) are being increasingly used. 
 Traditional Chinese medicine (TCM), as a type 
of ACM, is a sophisticated and time-honored form 
of healthcare in China (10). Many TCMs are widely 
used to treat hepatitis B in China and a number of 
other countries (11). In China, TCM is used as CAM 
treatment and accounts for 30-50% of all medications 
used, with a low cost and low level of toxicity (12). 
In the US, the 2002 National Health Interview Survey 
(NHIS) revealed that 19% of adults used some form 
of herbal medicine within the previous year (13). 
TCMs are complicated mixtures of active compounds. 
Although the active compounds in TCMs have not been 
fully isolated and identified, a few have been found 
to be potential antivirals (14). Bioactive compounds 

extracted from natural products have characteristics 
similar to chemically synthesized medications and 
they can be easily assimilated and metabolized by the 
human body (15). Moreover, TCMs can be obtained 
from various organisms without the need for laborious 
or industrial chemosynthesis. Thus, TCMs could be a 
good candidate for antiviral development. Over the past 
few years, TCMs have garnered increasing attention 
from investigators searching for effective antiviral 
compounds.

2. Extracts in and formulations of TCMs to treat 
HBV

The effects of major extracts in and formulations of TCM 
to treat HBV infection, including Boehmeria nivea (Linn.) 
Gaudich, Polygonum cuspidatum, Stellaria media (L.) 
Vill., Ligularia atroviolacea, Radix Astragali, Oenanthe 
javanica, Xiao-Chai-Hu-Tang, Qizhu granules, Fu-
Zheng-Jie-Du-Tang, and cinobufacini, are summarized 
here. Research has mainly focused on cell experiments, 
animal experiments, and clinical trials. Anti-HBV 
activities of these formulations in preclinical experiments 
and clinical trials are listed in Table 1.
 Boehmeria nivea (Linn.) Gaudich is a type of 
perennial ratoon herbal plant, the root of which is used 
in TCM and possesses a number of pharmacological 
characteristics. A recent study found that the expression 
of hepatitis B virus surface antigen (HBsAg) and 
hepatitis B virus envelope antigen (HBeAg) decreased 
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Table 1. Extracts in and formulations of TCMs to treat HBV

Common name

Aqueous extract of
B. nivea

Ethanol extract of
Hu-Zhang

Aqueous extract of 
S. media

Ethyl acetate extract

Aqueous extract of 
R. Astragali

Ethanol extract of 
O. javanica

Xiao-Chai-Hu-Tang

Qizhu granules

Fu-Zheng-Jie-
Du-Tang

Cinobufacini

  Composition

Boehmeria nivea
(Linn.) Gaudich

Polygonum cuspidatum

Stellaria media (L.) Vill.

Ligularia atroviolacea

Radix Astragali

Oenanthe javanica

Scutellariae radix et al.

Astragalus et al.

Cuscuta chinensis
Lam. et al.

Bufo Bufo
gargarizans Cantor

Research stages

Cell experiment

Cell experiment

Cell experiment

Cell experiment

Cell experiment
and animal experiment

Cell experiment and
animal experiment

Cell experiment

Clinical trial

Clinical trial

Cell experiment and
clinical trial

     Tested in

HepG2.2.15 cells

HepG2.2.15 cells

HepG2.2.15 cells

HepG2.2.15 cells

HepG2.2.15 cells
and duck

HepG2.2.15 cells
and duck

HepA2 cells

Patients

Patients

HepG2.2.15 cells
and patients

      Anti-HBV activity

Inhibits HBsAg,  HBeAg, 
and HBV DNA

Inhibits HBsAg and HBeAg

Inhibits HBsAg and HBeAg

Inhibits HBsAg

Inhibits HBeAg, HBV DNA, 
and DHBV DNA

Inhibits HBsAg,  HBeAg, 
and DHBV DNA

Inhibits HBV DNA

Inhibits HBV DNA and 
HBeAg

I n h i b i t s  H B s A g  a n d 
increases IFN-γ

Inhibit HBsAg, HBeAg, 
HBcrAg, and HBV DNA

Combination

-

-

-

-

-

-

-

Lamivudine

-

IFN-2α 2b
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contended that a combination of lamivudine and QZG 
would have therapeutic efficacy. 
 Several systematic reviews of TCM have reported 
that Fu-Zheng-Jie-Du-Tang (FZJDT) is able to inhibit 
HBV. FZJDT consists of a number of herbs, such as 
Cuscuta chinensis Lam., Eucommia ulmoides Oliver, 
and Poria cocos (Schw.) Wolf. He et al. designed 
a clinical trial in which three hundreds of patients 
infected with HBV were divided into a treatment group 
and control group. After 52 weeks of treatment, the 
treatment group had a more marked decrease in the 
mean concentration of serum HBsAg than the control 
group did. The treatment group had a significant 
increase in IFN-γ, suggesting that FZJDT was able to 
modulate host immune function (24).
 Cinobufacini, also known as Hua-Chan-Su, is a 
water-soluble extract made from toad skin (Bufo bufo 
gargarizans Cantor). Cinobufacini has long been 
used in China as an anti-tumor agent, an analgesic, 
an anti-inflammatory, and an anti-microbial. In a cell 
experiment, cinobufacini was reported to inhibit HBV 
replication by suppressing serum levels of HBsAg, 
HBeAg, hepatitis B core-related antigen (HBcrAg), and 
HBV DNA (25). Results of a clinical trial by Yu et al. 
suggested that cinobufacini combined with IFN-2α 2b 
significantly inhibited HBV replication (26).

3. Bioactive compounds in TCMs to treat HBV

Although TCMs have facilitated drug development 
and clinical treatment, the full potential of those 
medicines has yet to tapped because of their complex 
composition and varying quality (27). Over the past 
few years, rapid and substantial advances have been 
made in development of TCMs with the increasing 
emergence of novel theories, methods, techniques, and 
instruments (28). Numerous bioactive compounds have 
been discovered in TCMs and their functions have been 
studied. A few bioactive compounds isolated from TCM 
have been reported to possess anti-HBV activity (29,30). 
The current review identified recent studies on bioactive 
compounds in TCMs with anti-HBV activity. These 
compounds have been found to be effective and warrant 
intensive study in the treatment of hepatitis B (Table 2). 
The results of the studies in question have been classified 
into 4 findings: i) inhibiting the secretion of HBsAg, 
HBeAg, and/or HBcrAg; ii) inhibiting HBV DNA; 
iii) inhibiting both i) and ii); and iv) inhibiting HBV 
proliferation via other pathways.
 i) Inhibiting the secretion of HBsAg, HBeAg, and/
or HBcrAg. A study by Dai et al., isolated 13 bioactive 
compounds from the TCM Viola diffusa Ging, and results 
suggested that 2β-hydroxy-3,4-seco-friedelolactone-27-
oicacid,2β, 28β-dihydroxy-3,4-seco-friedelolactone-27-
oicacid, and 2β,30β-dihydroxy-3,4-seco-friedelolactone-
27-lactone suppressed HBsAg and HBeAg in 
HepG2.2.15 cells (31). The rhizome of Cyperus rotundus 

in HepG2.2.15 cells treated with the Boehmeria nivea 
extract. Moreover, the concentration of HBV DNA 
detected in HepG2.2.15 cells in culture medium 
decreased significantly after treatment (16).
 Polygonum cuspidatum, also known as Hu-Zhang 
in China, is a type of TCM herb. P. cuspidatum which 
has a wide range of pharmacological effects, has been 
used to treat hot flashes, heart disease, cancer, and liver 
disease. An ethanol extract and resveratrol isolated from 
P. cuspidatum were found to be able to inhibit HBV at 
10 μg/mL in vitro (17). 
 Stellaria media (L.) Vill. is a TCM that has been 
used for hundreds years in China to mainly treat 
skin diseases, arthritis, and bronchitis. A study in 
HepG2.2.15 cells reported that 30 μg/mL of S. media 
effectively decreased the expression of HBsAg 
27.92% and the expression of HBeAg 25.35% after 
administration for 6 days (18). 
 Ligularia, also known as leopard plant, is a 
group of herbaceous perennial plants that is mainly 
distributed in the inland areas. Ligularia atroviolacea 
has been traditionally used as an herbal medicine to 
treat hepatitis B, asthma, hemoptysis, and pulmonary 
tuberculosis. Shi et al. reported that an ethyl acetate 
extract of L. atroviolacea inhibited the secretion of 
HBsAg in HepG2.2.15 cells (19).
 Radix Astragali is the dried root of Astragalus 
membranaceus  (Fisch.) Bunge and Astragalus 
mongholicus Bunge (Fabaceae). Extracts of R. Astragali 
have been found to markedly decrease the concentration 
of HBeAg and HBV DNA in 116 clinical blood samples 
after 2 months of treatment and to inhibit levels of duck 
hepatitis B virus (DHBV) DNA in models of duck viral 
hepatitis B (20).
 The TCM Oenanthe javanica has been used to treat 
inflammation for many years in China. Han's research 
group used the HepG2.2.15 cell line and a model of 
DHBV infection to evaluate the anti-HBV effects of an 
ethanol extract of O. javanica. Results indicated that O. 
javanica suppressed HBsAg and HBeAg in vitro and that 
it also inhibited DHBV replication in duck models (21).
 Xiao-Chai-Hu-Tang (XCHT) has been widely used 
to treat various liver diseases in Asian countries. It 
consists of 7 different constituents, with Scutellariae 
radix accounting for most of its therapeutic effect. A 
study by Tseng et al. indicated that XCHT might inhibit 
HBV viral gene expression and DNA replication by 
regulating hepatic transcriptional machinery in vitro (22). 
 Qizhu granules (QZG) are a TCM consisting of 
several herbs such as Astragalus. In a clinical trial, 103 
patients with chronic hepatitis B were divided into 2 
groups. All patients received lamivudine. The treatment 
group also received QZG. After 1 year of treatment, the 
treatment group tested positive for HBV DNA at the 
same rate as the control group, but the level of secreted 
HBeAg in the treatment group differed significantly 
from that in the control group (23). Thus, the authors 
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is a well-known TCM with a number of formulations that 
is used to treat hepatitis. Thirty-seven sesquiterpenoids 
were isolated from the fraction of C. rotundus using 
liquid chromatography-mass spectrometry (LC-MS). Six 
of those sesquiterpenoids may contribute to the anti-HBV 
activity of C. rotundus (32). Plants of the genus Swertia 
(Gentianaceae), annual or perennial herbs, are thought 
to have hepatoprotective activity but whether they 
contained anti-HBV compounds was unclear. A study by 
Wang et al. found 3 new secoiridoids, swermacrolactones 
A-C, that were able to inhibit the expression of HBsAg 
and HBeAg in HepG2.2.15 cells with a 50% inhibitory 
concentration (IC50) of 0.02 and 0.02 mM, respectively 
(33). Piper longum Linn., a slender aromatic climber 
that is widely distributed in the world's tropical and 
subtropical areas, is used as a TCM. Recently, 11 active 
compounds were extracted from P. longum Linn. and 4 of 
those compounds were found to significantly inhibit the 
secretion of HBsAg and HBeAg in HepG2.2.15 cells (34). 
Swertia macrosperma is a congeneric species of Swertia 
mileensis (Gentianaceae) that has been listed in the 
Chinese Pharmacopoeia (1977-2010 editions) because of 

its therapeutic effect on hepatitis B. In a recent study, 5 
bioactive compounds, gentiocrucines A-E, were isolated 
from S. macrosperma and S. angustifolia, and those 
compounds were found to inhibit both the secretion of 
HBsAg and HBeAg in HepG2.2.15 cells, with an IC50 
of 3.14 and 3.35 mM (35). A polyphenolic compound, 
1,2,4,6-tetra-O-galloyl-β-D-glucose, was isolated from 
Phyllanthus emblica L. (Euphorbiaceae), and treatment 
with that TCM decreased levels of both HBsAg and 
HBeAg in the supernatant of cultured HepG2.2.15 cells 
(36). Unlike the TCMs derived from herbs as have been 
mentioned thus far, bufalin and cinobufagin are active 
compounds that are derived from an animal source, the 
skin of Bufo bufo gargarizans Cantor (Bufonidae) (37). 
A chemiluminescent enzyme immunoassay revealed 
that bufalin and cinobufagin effectively decreased 
the concentration of HBsAg, HBeAg, and HBcrAg in 
HepG2.2.15 cells in culture medium (27). 
 ii) Inhibiting HBV DNA. Fifteen active compounds 
were isolated from Swertia delavayi using silica gel, 
Sephadex LH-20, and Rp-18 column chromatography 
(38). Six of those compounds, aserythrocentaurin, 

Table 2. Bioactive compounds in TCMs to treat HBV

Compounds

2β,30β-dihydroxy-3,4-seco-
friedelolactone-27-lactone

Sesquiterpenoid

Swermacrolactone

Piperine

Gentiocrucine

1,2,4,6-tetra-O-galloyl-
β-D-glucose

Bufalin and cinobufagin

Aserythrocentaurin

Dehydroandrographolide

Menisdaurin

Chrysophanol 8-O-β-D-
glucoside

Wogonin

Vanitaracin A

Saponin

Cepharanthine
hydrochloride

           Herbs

Viola diffusa Ging

Cyperus rotundus

Swertia

Piper longum Linn.

Swertia macrosperma 

Phyllanthus emblica L.

Bufo bufo gargarizans
Cantor

Swertia delavayi

Andrographis paniculata

Saniculiphyllum
guangxiense

Rheum palmatum L.

Scutellaria radix

Fungus

Hydrocotyle
sibthorpioides

Stephania cepharantha
Hayata. 

 Tested in

HepG2.2.15

HepG2.2.15

HepG2.2.15

HepG2.2.15

HepG2.2.15

HepG2.2.15

HepG2.2.15

HepG2.2.15

HepG2.2.15

HepG2.2.15

HepG2.2.15

HepG2.2.15 and
duck model

HepG2.2.15

HepG2.2.15 and
duck model

HepG2.2.15

      Anti-HBV activity

Inhibits HBsAg and HBeAg

Inhibits HBsAg and HBeAg

Inhibits HBsAg and HBeAg

Inhibits HBsAg and HBeAg

Inhibits HBsAg and HBeAg

Inhibits HBsAg and HBeAg

Inhibits HBsAg and HBeAg

Inhibits HBV DNA

Inhibits HBV DNA

Inhibits HBV DNA

Inhibits HBsAg, HBeAg, 
and HBV DNA

Inhibits HBsAg, HBeAg, 
HBV DNA, and DHBV DNA

Inhibits entry of HBV

Inhibits HBsAg, HBeAg,
 HBV DNA, and DHBV
 DNA

Inhibits HBV proliferation

            IC50

33.7 μM/26.2 μM

46.6 μM/162.5 μM

0.02 μM/0.02 μM

0.13 mM/0.16 mM

3.14 mM/3.35 mM

6.25 μg/mL/3.13 μg/mL

-

0.05 mM

22.6 μM

0.32 mM

36.98 ± 2.28 μg/mL

4 μg/mL

0.61 ± 0.23 μM

56.9 μM

31.89 ± 5.77 μM

Mechanism

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Suppress DNA
polymerase 

Suppress DNA
polymerase

Block NTCP

Suppress 
core,s1,s2, and
X gene

Inhibit Hsc70
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erythrocentaurindimethylacetal,  swertiakoside 
A, 2'-O-acetylswertiamarin, 1,5,8-trihydroxy-3-
methoxyxanthone, and isovitexinm, markedly inhibited 
HBV DNA replication, with an IC50 of 0.05-1.46 mM. 
Andrographis paniculata, a well-known TCM described 
as Chuan-Xin-Lian in all editions of the Chinese 
Pharmacopoeia, is widely used to suppress inflammation 
(39). Two compounds, dehydroandrographolide and 
andrographolide, isolated from A. paniculata were 
reported to inhibit HBV DNA replication with an IC50 
of 22.6 and 54.1 μM. Saniculiphyllum guangxiense, also 
known as Bian-Dou-Ye-Cao, was little known since it 
was rarely collected or observed (40). Recently, 8 active 
compounds were isolated from S. guangxiense, and 
one, menisdaurin, significantly inhibited HBV DNA 
replication with an IC50 of 0.32 mM. 
 iii) Inhibiting the secretion of HBsAg, HBeAg, and 
HBV DNA. The herb Rheum palmatum L. is a TCM that 
has been reported to be able to inhibit herpes simplex 
virus (HSV) and coxsackie virus (41). Chrysophanol 
8-O-β-D-glucoside, an active compound isolated from 
R. palmatum L., significantly inhibited HBV DNA 
replication and expression of viral antigens, with an 
IC50 of 36.98 ± 2.28 μg/mL. An endogenous HBV DNA 
polymerase activity assay suggested that chrysophanol 
8-O-β-D-glucoside might inhibit HBV DNA by 
suppressing DNA polymerase activity. Similarly, an 
active constituent, wogonin, from Scutellaria radix 
also was found to inhibit HBV DNA by inactivating 
DNA polymerase (42). In HepG2.2.15 cells, wogonin 
effectively inhibited HBV antigen expression and DNA 
replication with an IC50 of 4 μg/mL after 9 days of 
treatment. Wogonin decreased DHBV DNA, with an IC50 
of 0.57 μg/mL, in ducks infected with DHBV. 
 iv) Inhibiting HBV proliferation via other pathways. 
A new tricyclic polyketide, vanitaracin A, was part of 
a secondary metabolite pool extracted from a fungus, 
and vanitaracin A specifically inhibited HBV (43). 
Vanitaracin A did not directly block the process of 
HBV replication. Instead, it interacted with sodium 
taurocholate cotransporting polypeptide (NTCP), 
an HBV entry receptor, and it disrupted its bile acid 
transport activity (44). Vanitaracin A was similarly 
found to inhibit proliferation of the hepatitis D virus 
(HDV). Hydrocotyle sibthorpioides (Apiaceae) is a 

TCM used to treat inflammation and hepatitis B in 
China. An active compound, saponin, was isolated from 
H. sibthorpioides, and a study suggested that saponin 
would be able to decrease antigens in a culture medium 
containing HepG2.2.15 cells and that it would be able 
to inhibit DHBV DNA replication in ducks infected 
with HBV by suppressing the activity of core, s1, 
s2, and X gene promoters in the HBV genome (45). 
Lamivudine-resistant strains of HBV have emerged with 
the widespread clinical use of lamivudine. Recently, two 
research teams respectively reported that cepharanthine 
hydrochloride and oxymatrine inhibited HBV 
proliferation by inhibiting heat stress cognate 70 (Hsc70), 
which is a host protein used for HBV replication (46,47).

4. Extracts in and formulations of TCMs to treat 
HCV

The ways in which major extracts in and formulations of 
TCMs, including Artemisia annua, Zingiberaceae, Galla 
Chinese, and Xiao-Chai-Hu-Tang, inhibit HCV infection 
are summarized here. Research has mainly focused on 
cell experiments and clinical trials. Anti-HCV activities 
of these extracts in and formulations in preclinical 
experiments and clinical trials are listed in Table 3.
 Artemisia annua, the dried aerial section of A. annua 
L. of the Compositae family, is a TCM that is used 
clinically to treat a fever or malaria and to enhancing 
immunity. Results of a study by Bao et al. suggested 
that an extract of A. annua, when used as an adjuvant 
of HCV/Nonstructural protein 3 (NS3) DNA vaccine, 
increased antibody levels in vivo and promoted IFN-γ 
secretion by increasing a Th1-type cellular immune 
response (48). Galla chinensis, also called Wu-Bei-
Zi, is a TCM that is commonly used to treat dysentery, 
bleeding, coughing, sweating, and rectal prolapse. 
An ethyl acetate (EtOAc) extract of G. Chinese was 
found to inhibit HCV proliferation by inhibiting NS3 
protease, which is a 70-kDa cleavage product of the 
HCV polyprotein that acts as a serine protease (49). 
In addition to drugs derived from herbs, drugs derived 
from animals also can inhibit HCV activity. Extracts 
from termite-associated bacteria were reported to inhibit 
bovine viral diarrhea virus (BVDV), which is used as a 
surrogate model for in vitro antiviral studies of HCV (50). 

Table 3. Extracts in and formulations of TCMs to treat HCV

Common name

Extract of A. annua

EtOAc extract of
G. Chinese

Actinobacteria extract

Xiao-Chai-Hu-Tang

  Composition

Artemisia annua

Galla chinensis

Termite

Radix Bupleuri et al.

 Research stages

Animal experiment

Cell experiment

Cell experiment

Cell experiment
and clinical trial

    Tested in

BALB/c mice

      _

MDBK cells

Phase II trial

      Anti-HCV activity

Increases antibody levels

Inhibits HCV proliferation

Inhibits BVDV proliferation

Decreases HCV titer

Combination

HCV/NS3 DNA vaccine

_

_

_
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Xiao-Chai-Hu-Tang (XCHT) is a formula consisting of 
7 herbs that has been used to treat liver diseases in East 
Asia. In a phase II trial, XCHT was found to decrease 
levels of HCV (51). However, the investigators cited 
several limitations of their trial, such as sampling bias, 
inter-observer variability, slow accrual, and a high drop-
out rate. Trial results also indicated that XCHT caused 
interstitial pneumonitis.

5. Bioactive compounds in TCMs to treat HCV

A number of bioactive compounds contained in TCMs 
have been found to act as HCV inhibitors. The current 
review identified recent studies on bioactive compounds 
in TCMs with anti-HCV activity. These compounds have 
been found to be effective and warrant intensive study in 
the treatment of hepatitis C (Table 4). The results of the 
studies in question have been classified into 3 findings: 
i) inhibiting HCV entry; ii) inhibiting NS protein; and iii) 
other activities.
 i) Inhibiting HCV entry. Entry is the first step 

for HCV to infect host cells. HCV entry into host 
hepatocytes is a complicated and multistep process 
that involves the HCV envelope glycoproteins E1 and 
E2 and several host factors like CD81 (52). Thus far, 
several active compounds from TCM have been found 
to be able to interrupt the interaction between the HCV 
envelope proteins and receptors of host cells. Cynara 
cardunculus L. was used by Egyptians to treat diverse 
symptoms of hepatitis, such as jaundice and ascites. Two 
compounds isolated from C. cardunculus L., grosheimol 
and cynaropicrin, were studied for their anti-HCV 
activity (53). Results indicated that these compounds 
inhibited HCV by suppressing HCV entry into host cells 
and that they blocked cell-free infection and cell-cell 
transmission. Calland et al. found that the flavonoids 
delphinidin and epigallocatechin-3-gallate (EGCG) 
(EGCG is found in green tea) inhibited HCV entry by 
changing the viral particle structure that facilitated HCV 
attachment to the host cell surface (54). Similarly, a 
study by Lin et al. identified an active compound called 
saikosaponin b2, which was isolated from the TCM 

Table 4. Bioactive compounds in TCMs to treat HCV

Compounds

Grosheimol and 
cynaropicrin

Delphinidin

Saikosaponin b2

Oleanolic acid derivative

Ursolic acid

Aqueous extract

Vitisin B

3-Deacetyl-3-cinnamoyl-
azadirachtin

Honokiol

Pheophorbide A and
 pyropheophorbide

Silybin B

           Herbs

Cynara cardunculus L.

Tea

Bupleurum kaoi root

Glycyrrhiza species

Ligustrum lucidum

Fructus Ligustri Lucidi

Grapevine root

Azadirachta indica

Magnolia

Morinda citrifolia

Silybum marianum

 Tested in

Huh7/Scr cells,
Huh7.5.1 Cl.2 
cells

Huh-7, HEK
293T

HuH7.5, S29
cells

293T cells

HepG2 cells

HeLa cells

Huh7.5 cells and
rats

-

Huh7.5.1 cells

Huh7.5 cells

Huh7.5.1 cells

      Anti-HBV activity

Inhibits HCV entry

Inhibits HCV entry

Inhibits HCV entry

Inhibits HCV entry

Inhibits HCV proliferation

Inhibits HCV proliferation

Inhibits HCV proliferation

Inhibits HCV proliferation

Inhibits HCV proliferation

Inhibits HCV proliferation

Inhibits HCV proliferation

          IC50

1.0 μM and 
1.3 μM

3.7 ± 0.8 μM

16.13 ± 2.41 μM

1.4 μM

3.1 μg/mL

10 μg/mL

3 nM

-

1.2 μM

0.2 μg/mL and

0.3 μg/mL

Mechanism

Unclear

Impairing HCV
attachment to the
cell surface

Neutralizing
particles and
preventing
attachment

Inhibits HCV
attachment to host
cell CD81 receptor

Suppressing NS5B
polymerase

Suppressing NS5B
polymerase

Suppressing NS3
protease

Suppressing NS3
protease

Suppressing NS3, 
NS5A, NS5B

Suppressing RNA
replication

Inhibiting HCV
core proteins and 
drug-metabolizing
enzymes
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Bupleurum kaoi root, as an inhibitor of HCV entry 
(55). Saikosaponin b2 played a role in neutralizing viral 
particles, inhibiting viral attachment, and suppressing 
viral fusion. In addition to these natural products, many 
derivatives of natural active compounds are found in 
TCMs. A study by Yu et al. found that oleanolic acid 
slightly inhibited HCV entry with an IC50 of 10 μM. 
Hydroxylation at the C-16 position markedly increased 
the anti-HCV effect of oleanolic acid with an IC50 of 
1.4 μM. Chemical modified oleanolic acid inhibited 
HCV entry by interrupting the interaction between HCV 
envelope protein E2 and the receptor CD81 in host cells 
(56). 
 ii) Inhibiting NS protein. HCV contains a series of 
nonstructural (NS) proteins such as NS2, NS3, NS4A, 
NS4B, NS5A, and NS5B (57). These proteins act as 
proteases, replicating viral RNA, or cofactors with other 
NS proteins. A study by Wozniak et al. found that the 
natural compound ursolic acid, isolated from Ligustrum 
lucidum, inhibited HCV proliferation by suppressing 
NS5B viral RNA polymerase (58). Similarly, another 
study found that an aqueous extract from Fructus Ligustri 
Lucidi blocked HCV entry by inhibiting NS5B viral 
RNA polymerase (59). Except for NS5B polymerase, 
NS3 viral proteases have seldom been studied. Lee et 
al. reported that vitisin B, a resveratrol tetramer isolated 
from grapevine root, was able to inhibit HCV replication 
by binding to and suppressing NS3 in vitro and in vivo. 
A combination of vitisin B and sofosbuvir (an inhibitor 
of NS5B polymerase) had synergistic anti-HCV activity 
(60). Ashfaq et al. found that 3-Deacetyl-3-cinnamoyl-
azadirachtin, isolated from Azadirachta indica, inhibited 
HCV by binding with NS3 protease and neutralizing 
it (61). A study by Lan et al. revealed that honoliol, a 
compound derived from Magnolia, was able to block 
HCV infection by inhibiting NS3, NS5A, and NS5B (62). 
According to that study, a combination of honoliol and 
interferon-α displayed synergistic anti-HCV activity. 
 iii) Other activities. In addition to inhibiting HCV 
entry, compounds also inhibit viral infection after 
entry. Ratnoglik et al. found that pheophorbide A and 
pyropheophorbide, two active compounds isolated 
from Morinda citrifolia, inhibited HCV infection by 
interrupting viral RNA replication and viral protein 
production (63). Silybin B, a silymarin isolated from 
Silybum marianum, inhibited HCV infection in 2 
ways (64). Silybin B was reported to inhibit HCV by 
decreasing HCV core proteins and it was also reported 
to increase antiviral efficacy by inhibiting major drug-
metabolizing enzymes (CYP2C9, CYP3A4/5, and UDP-
glucuronsyltransferases).

6. Adverse reactions

Although TCMs and related compounds have 
been reported to be able to improve the efficacy of 
monotherapy or combination therapy for HBV and 

HCV, the adverse reactions caused by TCMs have not 
been discussed in-depth. A few studies have reported 
that some TCMs attenuate the adverse effects of 
chemotherapy or radiotherapy and produce fewer or no 
adverse reactions, but other studies have suggested that 
TCMs may cause obvious adverse reactions (65-67). 
Kansui, the root of Euphorbia kansui T.N. Liou ex T.P. 
Wang, has been used as a remedy for edema, ascites, 
and asthma. According to one study, however, kansui 
affected cardiac and hepatic function and it affected 
the histomorphology of the heart, liver, and kidneys in 
rats (68). The authors of a review concluded that the 
major adverse reactions to TCMs were gastrointestinal 
symptoms including abdominal bloating or pain, 
epigastric discomfort, and stomach disorder, followed 
by diarrhea, headaches, nausea, breast distension or 
pain, abnormal vaginal bleeding, and dizziness (69). 
In a randomized controlled trial, Li et al. reported that 
Tongxinluo Capsules, a TCM used to treat coronary 
disease and angina pectoris, caused an adverse reaction 
in the form of stomachaches in the treatment group 
(70). Berberine, an active compound extracted from 
the herb Berberis, may induce the onset of competitive 
junctional rhythm, causing a loss of atrioventricular 
synchronization, and reduce chronotropic competence 
with the onset of symptoms upon exertion (71). In 
fact, the present evidence of adverse reactions and 
toxicity is insufficient. There are a few obstacles to 
evaluating adverse reactions: i) experimental data is 
limited to pharmacokinetics and inaccurate clinical 
research, ii) only a few studies have documented target 
organ toxicity, and iii) the evidence is not sufficient to 
elucidate the biochemical mechanisms responsible for 
the biological activities of TCMs. Thus, further studies 
are needed to study the pharmacokinetics and features of 
TCMs and their active compounds, and comprehensive 
and accurate data should be collected through clinical 
trials. Furthermore, mechanisms causing adverse 
reactions to TCMs need to be explored in depth.

7. Conclusion

Hepatitis is a severe liver disease leading to chronic 
hepatitis, acute liver failure, or hepatocellular 
carcinoma. Two pathogens that predominantly cause 
hepatitis are HBV and HCV. Conventional medications 
cause adverse effects and are costly, so TCMs and 
related bioactive compounds are garnering attention 
as CAM. This review has summarized the TCMs 
and active compounds used to treat HBV and HCV. 
Several points have become evident from this review: 
i) HepG2.2.15 is a generally accepted cell line for anti-
HBV research in vitro; ii) ducks are used as animal 
model for DHBV infection to study anti-HBV activity 
in vivo; iii) Hun7.5 is a cell line that is often used in 
anti-HCV research in vitro; iv) there are few animal 
models for anti-HCV research in vivo; v) in addition to 
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TCMs and compounds derived from herbs, compounds 
derived from animals are also used to inhibit HCV 
infection and have yielded desired results; vi) a few 
therapies combining compounds and medications have 
yielded satisfactory results; vii) thus far, few clinical 
trials have been conducted on active compounds; viii) 
limited basic studies thus far have yet to elucidate the 
mechanisms of antiviral action of TCMs; ix) several 
chemically modified bioactive compounds have 
displayed more effective antivirus activity than natural 
products. Several steps need to be taken in future work 
on treatments for HBV and HCV infections. More 
bioactive compounds from TCMs need to be explored, 
new animal models need to be created for anti-
HCV research, novel chemically modified bioactive 
compounds need to be developed, clinical trials need to 
be conducted, and the molecular mechanisms of action 
of TCMs need to be elucidated.
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1. Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common malignancies worldwide. Its incidence is still 
increasing with a multi-factorial, multi-step, complex 
process, and very poor prognosis (1,2). The development 
and progression of HCC occurs within the context of a 
chronic, persistent infection with the hepatitis B virus 
(HBV) or hepatitis C virus (HCV) along with alcohol 
and aflatoxin B1 intake (3,4). Most patients with HCC 
soon die because of its rapid progression. Hepatic 
resection, radio-frequency ablation, and transplantation 
are potential treatments for HCC, but the options are 
rather limited. HCC can become resistant to radiotherapy 
or chemotherapy, it has a higher rate of recurrence and 

a considerably shorter 5-year survival after surgery, and 
it readily metastasizes (5,6). Therefore, HCC needs to 
be diagnosed early and effective treatments need to be 
identified (7,8).
 All glypicans share a structure characterized by a 
conserved pattern of 14 cysteine residues that may form 
intra-molecular disulphide linkages (9), and glypicans 
play important roles in cellular growth, differentiation, 
and migration. Glypican-3 (GPC-3) belongs to a family 
of heparan sulfate proteoglycans with 6 sub-types 
(GPC1-6). In this family, the proteoglycans are linked 
to the exocytoplasmic surface of the plasma membrane 
by a glycosyl-phosphatidylinositol anchor (10). The 
GPC-3 gene is located on the X human chromosome 
(Xq26) and it encodes a 70-kDa core protein that can be 
cleaved by furin to generate a 40 kDa N-terminal- and 
a 30 kDa C-terminal-protein containing two heparan 
sulfate glycan chains. Serine560 is predicted to be a 
cleavage site in GPC-3, allowing GPC-3 to bind Wnt, 
Hedgehog (Hh), and fibroblast growth factor-2 through 
its core protein and/or the HS chains (11,12). GPC-3 
contributes to cell migration, invasion, angiogenesis, 
and apoptosis, possibly through its interactions with the 
Wnt, Hh, bone morphogenetic protein-7, and insulin-

Summary Early specific diagnosis and effective treatment of hepatocellular carcinoma (HCC) are 
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like growth factor (IGF) signaling pathways (13-15). 
Abnormal expression of hepatic GPC-3 is associated 
with HCC progression (16). The current review focuses 
on recent advances in the use of oncofetal antigen GPC-
3 to diagnose HCC, estimate its prognosis, and treat the 
disease.

2. GPC-3 as a promising marker of HCC

2.1. Dynamic expression of GPC-3

Hepatocyte oncogenesis may be induced by GPC-3 
via activation of the IGF-II pathway, via regulation of 
zinc fingers and homeoboxes 2, or via expression of 
AFP regulator 2 during liver regeneration. Dynamic 
changes in hepatic GPC-3, GPC-3 mRNA, and serum 
GPC-3 expression were investigated in a rat model of 
hepatocarcinogenesis induced by 2-fluorenylacetamide 
(2-FAA), and results indicated that GPC-3 has value 
in diagnosing the early stages of HCC. Positive 
GPC-3 staining in the liver cytoplasm revealed the 
morphological stages of granule-like degeneration, 
atypical hyperplasia (a precancerous stage), and 
malignant transformation of hepatocytes. A previous 
study by the current authors found that the level of GPC-
3 mRNA expression in the liver was 100%, expression 
of GPC-3 in the liver was 100%, and expression of 
GPC-3 in serum was 77.8% in patients with HCC; 
the level of GPC-3 mRNA expression in the liver was 
100%, expression of GPC-3 in the liver was 100%, and 
expression of GPC-3 in serum was 66.7% in patients 
with precancerous lesions; the level of GPC-3 mRNA 
expression in the liver was 83.3%, expression of GPC-
3 in the liver was 83.3%, and expression of GPC-
3 in serum was 38.9% in patients with degenerated 
hepatocytes; and GPC-3 was not detected in the control 
group (17). Expression of GPC-3 mRNA in the liver 
was closely correlated with expression of total RNA 
in the liver, the level of GPC-3 protein in the liver, and 
the level of GPC-3 in serum, indicating that abnormal 
expression of GPC-3 mRNA or protein (which are 
associated with the malignant transformation of 
hepatocytes) should be a promising molecular marker 
for early diagnosis of HCC (18).

2.2. Diagnosis and differential diagnosis

Although many markers for diagnosis of HCC have 
been used in clinical practice (19,20), only a few 
markers such as HS-GGT (21), AFP-L3 (22), and 
Wnt3a (23) have sufficient sensitivity and specificity. 
The level of circulating AFP is a routine marker for 
diagnosis of HCC. However, an elevated AFP level 
results in a higher false positive rate in patients with 
benign liver diseases, greatly hampering the differential 
diagnosis (Figure 1) (24,25). Circulating GPC-3 
increases in patients with HCC, which implies that 

GPC-3 may be very valuable in diagnosing HCC and 
monitoring its progression. Serum GPC-3 is superior 
to AFP in terms of specificity, positive or negative 
predictive value, and the accuracy with which it 
diagnoses HCC. Moreover, GPC-3 is also superior to 
AFP in formulating a treatment strategy and predicting 
the survival of patients with HCC. Yao M et al. found 
that serum GPC-3 was detectable in 52.8% of patients 
with HCC with a specificity of 97.1%, and only 1.4% 
to 2.0% of patients had other liver diseases (26). AFP 
is not accurate at diagnosing HCC because of its 
higher false positive rate (14.3% to 35.0%) in benign 
liver diseases. AFP-L3 has a sensitivity of 53.3% and 
a specificity of 88.9%. Serum GPC-3 levels could be 
used to differentiate HCC from non-malignant chronic 
liver disease and other liver cancers. Although serum 
GPC-3 has a higher level of specificity at diagnosing 
HCC, the combination of circulating levels of GPC-3, 
positive GPC-3 mRNA, and AFP significantly improves 
the accuracy of HCC diagnosis (27-29).

3. GPC-3 in relation to disease stage and prognosis

Clinical studies have reported that GPC-3 is specifically 
over-expressed in HCC and that it is a valuable marker 
for diagnosis of HCC and estimation of its prognosis 
(17,24). GPC-3 promotes the growth of HCC by 
stimulating canonical Wnt signaling. There is increasing 
evidence indicating that the structural requirements 
for GPC3 activity are cell type-specific, and its core 
protein is processed by a furin-like convertase. GPC-
3 is expressed like a carcinoembryonic antigen, it 
stains dark brown deep within HCC tissues, and it 
is found in the cytoplasm and cell membrane (30). 
Immunohistochemistry has revealed oncofetal GPC-
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Figure 1 Comparative analysis of 4 markers for HCC 
diagnosis. (A), the levels of GPC-3 expression in patients with 
different liver diseases; (B), the levels of HS-GGT expression 
in patients with different liver diseases; (C), the levels of 
Wnt3a expression in patients with different liver diseases; 
and (D), the levels of total AFP expression in patients with 
different liver diseases. HCC, hepatocellular carcinoma; GPC-
3: glypican-3; AFP, total α-fetoprotein; HS-GGT, hepatoma-
specific γ-glutamyl transferase.
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cells of distinct tumors (2). Amplification of fragments 
of the GPC-3 gene and verification of its identity 
by sequencing has revealed GPC-3 mRNA in most 
cancerous tissues or circulating PBMCs from patients 
with HCC but not in tissues distant from the cancer or 
cells from benign liver diseases (26).
 Transcription of the GPC-3 gene in circulating 
PBMCs was associated with extra-hepatic metastasis of 
HCC. GPC-3 mRNA was expressed in 74.8% of primary 
and recurrent HCC but only in 3.2% of normal livers 
according to Northern blotting (31). The expression of 
GPC-3 mRNA was low or absent in the normal liver, 
focal nodular hyperplasia, and liver cirrhosis. Fragments 
of the GPC-3 gene were amplified and the identity of 
the gene was verified with DNA sequencing, but the 
gene was not found in tissue distant from the cancer 
or cells from benign liver diseases. Circulating GPC-3 
mRNA is related to the TNM stage, periportal cancerous 
embolus, and extra-hepatic metastasis (p < 0.001) 
(18). Interestingly, a higher level of GPC-3 mRNA 
expression was found in patients with stage I-II HCC, 
HBV infection, and a small tumor, and GPC-3 is highly 
expressed in early and small HCC, and especially in 
patients with periportal cancer embolus (100%) or extra-
hepatic metastasis (100%) (32), suggesting that up-
regulation of circulating GPC-3 mRNA could be a more 
sensitive and specific biomarker with which to monitor 
the metastasis of HCC (18).

3.3. Prognostic value

The prognosis for HCC remains poor because of its 
late diagnosis and high rate of recurrence after surgery. 
New findings regarding the use of circulating GPC-
3 as a marker have recently been reported, with GPC-
3 displaying prognostic value in patients with HCC and 
HBV-associated cirrhosis after liver transplantation (40-
42). GPC-3-positive patients had lower 5-year survival 
and disease-free survival rates than GPC-3-negative 
patients (38.2% vs. 75.4%; 30.8% vs. 69.7%) (33). 
Multivariate Cox regression analysis revealed that GPC-
3 is an independent risk factor for the 5-year survival 
(p = 0.031) and disease-free survival rates (p = 0.047). 
Together with tumor differentiation, the Milan criteria, 
and preoperative AFP, GPC-3 is a potential indicator of a 
poor prognosis after liver transplantation in patients with 
HCC and HBV-associated cirrhosis (43,44). 
 Early detection of HCC and monitoring its 
recurrence after surgery would improve prognosis and 
justify screening programs for at-risk populations, 
such as chronic carriers of HBV and individuals 
with cirrhotic HCV (3,6). Basic and clinical studies 
have indicated that GPC-3 is a specific indicator of 
the prognosis for HCC (45). As expected, the over-
expression of hepatic GPC-3 was significantly related 
to the 5-year survival of 69 patients with HCC (p < 
0.001). Cox regression univariate analysis indicated that 

3 expression in the cytoplasm and cell membrane at 
levels of 70-100% in HCC or hepatoblastoma, 6%-75% 
in fibrolamellar carcinoma or high-grade dysplasia, and 
0-10% in cholangiocarcinoma (31,32). 

3.1.Clinical staging

Wang et al. found that 80.6% of patients with HCC tested 
positive for GPC-3, 41.7% of their para-cancerous tissues 
tested positive, and none of the tissues distant from the 
cancer tested positive. The intensity of GPC-3 in HCC 
is significantly higher than that in surrounding tissues 
(33). Hepatic GPC-3 expression gradually increases 
in different stages, with dark staining in the advanced 
stage. A previous study by the current authors staged 69 
specimens of cancerous tissue in accordance with the 
clinical staging criteria of the IUAC for HCC, and 11 
specimens had stage I carcinoma (15.9%, 11 of 69), 19 
had stage II (27.6%, 19 of 69), and 39 had stage III or IV 
(56.5%, 39 of 69). High levels of GPC-3 expression were 
noted in 45.5% of stage I HCC tissue specimens while 
low levels were noted in 54.5%, high levels were noted 
in 52.6% of stage II specimens while low levels were 
noted in 47.4%, and high levels were noted in 100% of 
stage III or IV specimens while low levels were noted in 
0% (33). 
 GPC-3 is a developmentally-regulated oncofetal 
protein that is a clinically relevant biomarker for 
diagnosis of HCC and is one of the first transcripts to 
appear during the hepatocyte malignant transformation; 
about 50% of high-grade dysplastic macro-nodules in 
the cirrhotic liver express GPC-3 (34,35). GPC-3 can 
provide a molecular signature of early HCC since it 
is expressed in all HCC tissues and not expressed in 
any of the dysplastic nodules. Thus, GPC-3 should 
be a specific biomarker for diagnosis of HCC. An 
examination of hepatic fine needle aspirates (FNA) 
found that GPC-3 immunoreactivity was from 83% to 
90% in cases of HCC, whereas there was no reaction 
in any benign lesions or metastatic carcinomas (36,37). 
The usefulness of GPC-3 when examining specimens 
is as an aid to distinguish HCC from metastatic tumors 
and benign liver lesions.

3.2. Monitoring metastasis

Metastasis occurs as cancerous cells enter the circulation 
and eventually grow into a lethal tumor in distant organs 
(38). GPC-3 mRNA from peripheral blood mononuclear 
cells (PBMC) is of value in monitoring HCC with extra-
hepatic metastasis. Hepatic and blood GPC-3 mRNA 
are associated with extra-hepatic metastasis of HCC 
(39). Metastasis is the final stage in tumor progression 
and is thought to be responsible for up to 90% of deaths 
from HCC as cancerous cells enter the circulation and 
eventually grow into a lethal tumor in distant organs, 
reflecting inherent differences within the disseminating 
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certain HCC clinical prognostic factors, such as liver 
cirrhosis (p = 0.007) and HBV infection (p = 0.014), 
were significantly correlated with the 5-year survival 
rate. All of these factors were entered in multivariable 
analysis. A high level of GPC-3 expression (p < 0.001), 
liver cirrhosis (p = 0.008), and HBV infection (p = 
0.006) were all identified as independent predictive 
factors for worse outcomes from HCC (46). Kaplan-
Meier survival curves indicated that patients with HCC 
and high levels of GPC-3 expression had a significantly 
shorter survival time than those with low levels or no 
GPC-3 expression (33).

4. GPC-3 as a novel target for HCC therapy

Molecularly targeted therapy offers an effective option 
for non-surgical management of HCC that is highly 
chemo-resistant or that fails to respond to medication 
(5,7). However, molecular therapy remains a challenge 
mainly due to lack of specific targets. Use of the GPC-
3 antigen as a target for HCC has been investigated 
with siRNA (47), vaccines (48,49), T lymphocytes (50-
52), and anti-GPC-3 antibodies in vitro and in vivo 
(53,54). Some advances on the use of GPC-3 as the 
novel target for HCC therapy have been made (55). 
Of these, antibody-based therapy is the most clinically 
advanced. Given that GPC-3 increases in early, high-
grade dysplastic macronodules and since a significant 
proportion of overt HCC is immunoreactive to anti-
GPC-3, a therapeutic mAb (GC33, aa524-563) in the 
C-terminal portion of GPC-3 has been generated in 
MRL/lpr mice against a GST-fusion protein fragment, 
indicating that the antibodies are cytotoxic and 
significantly inhibit HCC growth both in vitro and in 
vivo (56).

4.1. Studies in vitro

The over-expression of hepatic GPC-3 plays an 
important role in HCC transformation, proliferation, 
and metastasis (18). Therefore, GPC-3 should be a 
specific molecular target for HCC therapy. Intervening 
in gene transcription with specific short hairpin 
RNA (shRNA) or microRNA (miRNA) inhibits cell 
proliferation via apoptosis in vitro (47,57,58). Silencing 
the GPC-3 gene with specific shRNA inhibits HCC 
cell proliferation, with inhibition of 71.1% in cells 
transfected with shRNA and 80.1% in cells transfected 
with shRNA and treated with sorafenib (100 μmol/L). 
A total of 65.6% of the cells were arrested in the G1 
phase. Cell apoptosis increased significantly to 66.8% 
in comparison to cells that were not transfected with 
shRNA (6.9%) (59). By up-regulating key molecules 
(cyclin D1, β-catenin, and GSK3β) in the Wnt/β-catenin 
signaling pathway, oncofetal GPC-3 stimulates cell 
proliferation, suggesting that the GPC-3 gene should be 
a novel therapeutic target for HCC, but further studies 

should focus on the combination of miRNA and multi-
targeting strategies for HCC therapy (60).

4.2. Studies in vivo

Xenograft models are commonly used in tumor studies 
because of their convenience, high success rate, short 
latent period, and ease of monitoring. Besides anti-
GPC-3 antibodies, siRNA targeting GPC-3 has also 
displayed therapeutic efficacy in a model of HCC 
(54,61). Tumor formation and growth are significantly 
inhibited by miRNA in a model of HepG2-cell-induced 
HCC in nude mouse in comparison to the same mice 
not treated with miRNA (Figure 2, unpublished data). 
Immunohistochemical analysis indicated that down-
regulation of GPC-3 with miRNA significantly (p < 0.01) 
decreases expression of β-catenin, p-GSK3β, and cyclin 
D1. β-catenin and GSK3β are known to play an important 
role in regulating metabolism, transcription, embryonic 
development, and other processes and to also play a 
key role in the Wnt/β-catenin-induced phosphorylation 
of GSK3β, which results in the dissolution of the 
complex responsible for β-catenin degradation (62,63). A 
therapeutic intervention targeting GPC-3 is a promising 
approach for the clinical management of HCC.

5. Conclusion

In conclusion, HCC is one of the most common 
malignancies worldwide, and treatment outcomes 
generally remain poor (64,65). The GPC-3 gene is 
located upstream of the Wnt signaling pathway, which 
is involved in tumor development and progression, 
and GPC-3 is up-regulated in HBV-related liver 
malignancies. Activation of several key signaling 

Figure 2 Silencing GPC-3 inhibited tumor development 
when a liver cancer cell line was xenografted to nude mice. 
(A), the time for a tumor to develop after nude mice were 
injected with stable HepG2 cells; (B), the tumor volume in 
different groups (n = 6); (C), the dissected tumor and its actual 
size. Scale bar, 100μm. *p  < 0.05; **p < 0.01.
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molecules regulates the expression of inflammation 
response- or cancer related-genes. An interesting finding 
is that GPC-3 levels and HBV infection have been 
identified as independent predictive factors for worse 
outcomes of HCC, that is, patients with HCC and higher 
levels of GPC-3 expression have a shorter survival time 
than those with lower levels or no expression. GPC-3 
is specifically expressed in HCC but not in benign liver 
diseases. This means that GPC-3 is both a promising 
diagnostic or independent prognostic factor and also a 
therapeutic target for HCC. Further work should explore 
the combination of specific siRNA plus multi-targeting 
strategies in HCC therapy.
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for patients with severe emphysema

Hang Yu, Lijie Wang, Zhen Wu, Zhen Yang*

Department of Respiratory Medicine, Chinese PLA General Hospital, Beijing, China.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a 
severe chronic respiratory disease characterized by 
progressive development and airflow limitation that 
is not fully reversible, and COPD seriously affecting 
the mobility and quality of life of patients (1). COPD 
is a serious global public health problem because of 
its high mortality and high morbidity; globally, COPD 
patients numbered about 65 million in 2005 and COPD 
resulted in about 300 million deaths. By 2020, this 
ailment will be among the world's top three major 
causes of death (2,3). Emphysema is a key pathology 
and type of COPD. Chronic airway inflammation 
causes a reduction in lung tissue elasticity; without 

that elasticity, the bronchial and alveolar walls are 
destroyed (emphysema), leading to airway collapse, 
hyperinflation, and gas trapping (4). When emphysema 
is severe, traditional medical treatments include 
bronchodilators and anti-inflammatory drugs are 
ineffective; patients suffer decreased lung function 
and a severely diminished quality of life, and they 
eventually die from respiratory failure.
 Surgery to treat severe COPD and emphysema has 
been performed for many years, including lung volume 
reduction surgery (LVRS) and lung transplantation. 
In 1957, Mueller first proposed the use of LVRS to 
treat emphysema (5). LVRS involves removing tissue 
affected by emphysema, thereby reducing ineffective 
ventilation and improving lung ventilation while the 
remaining lung enlarges. Pulmonary vascular resistance 
decreased and right ventricular function improves. 
Thus, LVRS is effective in reducing difficulty breathing 
and improving lung function and quality of life (6). 
The National Emphysema Treatment Trial (NETT) 
found that LVRS was effective, but only did patients 
with low exercise capacity and predominantly upper 

Summary Bronchoscopic lung volume reduction (BLVR) is a minimally invasive treatment for severe 
emphysema, providing treatment options for patients who are unable to undergo lung 
volume reduction surgery (LVRS) or lung transplantation. Current BLVR techniques 
include bronchoscopic volume reduction with valve implants, use of a lung volume reduction 
coil (LVRC), bronchoscopic thermal vapor ablation (BTVA), biological lung volume 
reduction (BioLVR), and use of airway bypass stents (ABS). To date, several randomized 
controlled trials of these bronchoscopic therapies have been conducted in patients with 
emphysema, and bronchoscopic volume reduction with valve implants remains the best 
approach thus far. Recent studies indicate that BLVR may be of great value in improving 
lung function, exercise capacity, and quality of life and that BLVR has the potential to 
replace conventional surgery for patients with severe emphysema. Optimal patient selection 
and the proper selection of the BLVR technique in accordance with patient characteristics 
are crucial to the success of BLVR. More multicenter, prospective, randomized controlled 
trials need to be conducted in the future to optimize the current selection strategy and 
evaluate the safety, efficiency, and long-term benefit of BLVR techniques.
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lobe emphysema benefit from LVRS (7). NETT also 
found that the wide use of LVRS was limited in clinical 
contexts because of the physical condition the patient 
had to be in, surgical trauma, a postoperative mortality 
rate of up to 7.9% in the next 90 days, an incidence 
of pulmonary complications as high as 29.8%, and an 
incidence of cardiovascular complications as high as 
20.8%. Whether lung transplantation may improve lung 
function, pulmonary activity, quality of life, and long-
term survival for patients with emphysema appears 
inconclusive, and such an option cannot be widely 
promoted due to the vast shortage of donors, surgical 
trauma, major problems after transplant rejection, and 
infection (8,9). Therefore, surgery has limited ability to 
meet clinical needs, and a new, minimally invasive, and 
effective treatment is needed to eliminate the bottleneck 
limiting current techniques and approaches.
 Bronchoscopic lung volume reduction (BLVR) 
originated in 2001 and developed rapidly afterwards 
as a new option to treat severe emphysema (10). 
BLVR techniques are categorized as blocking and non-
blocking techniques and their use is based on the type 
of emphysema and interlobular collateral ventilation. 
Blocking BLVR involves reversible implantation of 
one-way valves, while non-blocking involves use of 
a lung volume reduction coil (LVRC), bronchoscopic 
thermal vapor ablation (BTVA), biological lung volume 
reduction (BioLVR), or use of airway bypass stents 
(ABS). This paper aims to provide an overview of the 
status of and progress in BLVR research according to 
the current literature. The latest and most investigated 
BLVR techniques are summarized in Table 1.

2. Blocking BLVR ‒ Valve Implantation

2.1. Endobronchial valves and intrabronchial valves

One-way valve implantation for treatment of severe 
emphysema was first reported in 2003 (11). Currently, 
two types of valves are used, the endobronchial 
valves (EBVs) (Zephyr; Pulmonx, Inc., Neuchatel, 
Switzerland) and intrabronchial valves (IBVs) 
(Spiration; Olympus, Tokyo, Japan). A one-way valve 
is held in place by a coated (a silicone membrane for 
EBVs and polyurethane film for IBVs) self-expanding 
NiTi retainer. The two types of valve function 
differently because of their structure. An IBV has 
anchors that hold an umbrella-shaped valve in place 
in an airway. The valve closes to allow trapped air and 
mucus to escape the damaged lung and it opens to block 
breath from entering the damaged lung. Since the IBV 
has to be anchored, it depends on the wall of the airway. 
An EBV is a duckbill valve that fits snugly in an airway 
with the bill pointed away from the damaged lung. Air 
and mucus can pass through the valve to escape the 
damaged lung during expiration, but the close of the 
valve during inspiration blocks air from entering the 

damaged lung. In contrast to the IBV, the EBV depends 
less on the airway wall. Either valve is placed using 
bronchoscopy to prevent gas from entering during 
inhalation while not affecting the exhalation of gas and 
secretions. This reduces lung hyperinflation, resulting in 
a reduction in lung volume, while the blocked portion 
undergoes relatively normal lung tissue recruitment. 
Valve implantation is a reversible procedure, and either 
type of valve can be removed at any time using a 
bronchoscope.
 EBVs are the most widely studied and widely used 
valves. Early studies were based on observational 
studies and indicated that EBV implantation was safe, 
but most studies have found that EBV implantation 
has little benefit (11-17). A series of early studies 
indicated that EBV implantation substantially benefited 
patients in whom the target lobe collapsed and in whom 
target lung volume reduction (TLVR) was achieved, 
but TLVR was achieved in only 24.9% of patients 
(11-15). Post-procedure quality of life and exercise 
capacity improved to some extent for patients with no 
significant collapse of the target lobe, the difference 
was not statistically significant (16,17). Although the 
target lobe does not collapse, EBV implantation reduces 
physiological dead space and it improves the efficiency 
of ventilation; increased ventilation allows more air 
to healthy lungs and reduces dynamic hyperinflation, 
so patients receive a slight benefit. These early studies 
proved that collapse of the target lung is the ultimate 
goal of EBV implantation.
 In those early studies, EBVs were usually implanted 
in one lung or both lungs. Wan et al. (17) found that 
patients undergoing EBV implantation in one lung had 
more benefits than those receiving implants in both 
lungs. Unilateral implantation differed significantly 
from LVRS, which requires treatment of both lungs to 
have an obvious benefit. Theoretically, expansion of 
the opposite lung can lead to collapse of the target lung 
after unilateral implantation of an EBV. In the study by 
Wan et al., post-operative complications increased when 
both lungs were treated. In light of these findings, EBV 
implantation is almost always performed unilaterally.
 The Endobronchial Valve for Emphysema Palliation 
Trial, or VENT, was the first and largest randomized 
controlled trial (RCT) of valve implantation to treat 
emphysema; the trial was conducted separately in 
the US and Europe (18,19). In US VENT study by 
Sciurba et al., an EBV was implanted in 214 patients 
with emphysema, and results indicated that the forced 
expiratory volume in 1 second (FEV1) increased 
by 4.3% over the previous procedure in 6 months, 
compared to a decrease of 2.5% in the control group 
(p = 0.005). Similar differences were observed in the 
6-minute walk test (6MWT) and health-related quality 
of life measured with the St. George's Respiratory 
Questionnaire (SGRQ), and the modified Medical 
Research Council (mMRC) Dyspnea scale (18). In the 
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implantation need to be developed for the technique to 
be effective.

2.2.2. Fissure integrity

In addition to the surgical technique and anatomical 
abnormalities, collateral channels of ventilation can affect 
the collapse of the target lobe. Both normal individuals 
and patients with emphysema have interalveolar channels 
(pores of Kohn), bronchiole-alveolar channels (canals 
of Lambert), and interbronchiolar channels (channels 
of Martin). The existence of these channels means that 
an EBV must block all segments of the target lobe (27-
30). Interlobular collateral ventilation is main factor 
influencing TLVR and determining the success of EBV 
implantation. This collateral ventilation is the inevitable 
result of emphysema damaging the interlobular fissure. 
Therefore, integrity of the interlobular fissure is likely to 
be a predictor of the success of EBV implantation.
 A retrospective analysis of the VENT results 
confirmed this  theory.  Six months after  EBV 
implantation, patients with complete interlobular fissures 
(defined as more than 90% completeness of the fissure 
between the target and adjacent lobes on the cross-
sectional, sagittal, or coronal plane on MDCT) had a 
significant improvement in lung function (19). Recently, 
an RCT known as the BeLieVeR-HIFi study implanted 
valves in patients with intact interlobular fissures on 
CT (n = 25) and the study compared those patients to 
a control group who received sham valve implantation 
(n = 25) (31). After 3 months, the FEV1 in the group 
receiving a valve increased by a mean of 24.8% (median 
8.77%) compared to 3.9% (median 2.88%) in the control 
group (p = 0.0326). A clinically significant improvement 
(improvement in FEV1 ≥ 15%) was noted in 39% of 
patients and in only 4% of the control group (p = 0.0044). 

2.2.3. Direct measurement of collateral ventilation

Current methods for the assessment of fissure integrity 
are mainly based on visual assessment by imaging 
experts using high-resolution reconstructed CT images 
(18,19,31). The assessments are heavily influenced by 
the level of experience of the experts and they are highly 
subjective, and often there is disagreement between 
imaging experts (32). With the development of computer 
technology, automated analysis can improve the 
efficiency and accuracy of inspections of the interlobular 
fissure, but it still cannot replace the role of imaging 
experts (33,34). In the BeLieVeR-HIFi study, 4 patients 
with a complete interlobular fissure according to imaging 
experts failed to benefit from EBV implantation (31).
 The Chartis Pulmonary Assessment System 
(Pulmonx, Inc., Neuchatel, Switzerland) is a direct 
method to determine whether interlobular collateral 
ventilation (CV) exists in the target lobe. A catheter 
with a balloon at its tip is placed in the bronchus of 

European VENT study, respiratory symptom scores 
on the SGRQ also improved significantly after 6 
months for patients receiving an EBV in comparison 
to the control group (19). Results of the VENT study 
indicated that EBV implantation is effective in treating 
patients with severe emphysema, but the clinical 
improvements were not significant. In order to improve 
the effectiveness of EBV implantation, a retrospective 
study of the VENT results and a series of studies 
examined the characteristics of patients receiving EBVs 
and those studies described a series of predictive factors 
as will now be described.

2.2. Factors predicting the success of valve treatment

2.2.1. TLVR

A retrospective study of the VENT results indicated that 
there was a significant correlation between TLVR and 
the success of EBV implantation (20). Improvements in 
the BODE index (more than 1 point) were observed in 
67% of patients with a TLVR > 50%, 37% of patients 
with a TLVR of 20-50%, and 41% of patients with a 
TLVR < 20% (p = 0.011 for intergroup differences). 
The study also indicated that a TLVR of more than 
350 mL was an independent predictor of the success of 
EBV implantation. A long-term-survival study (n = 19) 
indicated that 5 patients who developed atelectasis in 
the target lobe survived 6 years after EBV implantation 
while 8 of 14 patients with no atelectasis died (21). 
Another study (n = 33) indicated that patients with 
atelectasis in the target lobe after EBV implantation had 
a better long-term survival (22).
 The importance of TLVR in IBV implantation 
has been indicated. Unlike complete occlusion of the 
target lobe with an implanted EBV, IBV implantation 
involves incomplete occlusion of more than one lobe 
in bilateral lungs in the hopes of achieving TLVR with 
no increase in post-procedure complications. However, 
two multicenter studies of IBV implantation found that 
the volume of the patient's target lobe and lung function 
decreased slightly and exercise capability did not 
improve significantly after IBV implantation (23,24). 
An RCT involving 277 patients found that incomplete 
bilateral occlusion did not achieve a satisfactory TLVR 
(TLVR is only about 200 mL), and the treatment group 
displayed no significant improvement according to 
their SGRQ scores (25). Eberhardt et al. compared the 
use of implanted IBVs in complete unilateral occlusion 
and incomplete bilateral occlusion (26). In 7 of 11 
patients, complete occlusion resulted in collapse of the 
target lobe; in 11 patients with incomplete occlusion, 
none had atelectasis. Lung function, exercise capability, 
and quality of life after IBV implantation differed 
significantly in the two groups of patients. Therefore, 
incomplete bilateral occlusion with an implanted 
IBV has been abandoned, and new strategies for IBV 
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the target lobe. The balloon is inflated to occlude the 
airway and the airflow can be measured. If the airflow 
gradually decreases during measurement, CV is absent 
(35). A multicenter study reported that the accuracy of 
CV assessment by Chartis system was 75%. Moreover, 1 
month after valve placement, patients with no CV had an 
improvement of 16% in FEV1 whereas patients with CV 
experienced only an increase of 1% in FEV1 (p = 0.0013) 
(36). However, the existence of CV cannot be determined 
by the Chartis system in about 10% of patients because 
of the anatomy of the airway and excessive airway 
secretions. At this time, a means of high-resolution CT to 
assess CV is still needed (37).
 Only a few studies have compared CT and Chartis 
at evaluating collateral ventilation. A retrospective study 
(n = 33) indicated that CT was comparable to Chartis in 
predicting if a TLVR of more than 350 mL (p = 0.55) 
could be achieved in the target lobe; CT had an accuracy 
of 78.8% and Chartis had an accuracy of 75.8% (34). A 
retrospective study by Gompelmann et al. indicated that 
the Chartis system had an accuracy of 74% and CT had 
an accuracy of 77% (38).
 Recently, a single-center RCT, known as the 
STELVIO trial, combined high-resolution CT and the 
Chartis system to screen patients (39). In this study, 68 
patients with no CV according to the Chartis system and 
an intact interlobular fissure according to high-resolution 
CT were randomly divided into patients receiving an 
EBV (n = 34) and patients receiving standard treatment 
(n = 34). After 6 months, FEV1 increased by a mean of 
26.5% in patients receiving an EBV and 3.6% in the 
control group (p < 0.001). Improvement in the forced 
vital capacity (FVC) and results on the 6MWT were also 
statistically and clinically significant. The combination of 
fissure analysis using CT and CV measurement with the 
Chartis system apparently improves the clinical benefit 
of EBV implantation.
 However, the combination of high-resolution 
CT and the Chartis system in patient selection has 
its disadvantages. Gompelmann et al. reported that 
a number of patients with no CV and an incomplete 
interlobular fissure and patients with CV and a complete 
interlobular fissure can benefit from EBV implantation 
(38). Although a strategy combining both approaches 
can provide a clinical benefit, it would inevitably 
deprive some patients of the opportunity to benefit from 
treatment. 
 In a recent retrospective study (n = 38), de Oliveira et 
al. proposed new criteria for patient selection (40). The 
study indicated that TLVR would not exceed 350 mL 
after EBV implantation in patients with an interlobular 
fissure that was less than 75% complete (n = 8). A 
TLVR ≥ 350 mL was achieved in 19 of 21 patients 
with interlobular fissure integrity greater than 90% and 
in 7 of 10 patients of interlobular fissure integrity of 
70-90%. The effectiveness of EBV implantation was 
closely correlated with an interlobular fissure integrity 

of more than 75% (the previous standard was more than 
90% completeness), and interlobular fissure integrity of 
more than 75% had an accuracy of 87.2% at predicting 
a TLVR ≥ 350 mL. Therefore, the study's authors 
contended that EBV implantation should be considered 
for all patients with interlobular fissure integrity greater 
than 75% and that EBV implantation should definitely 
be considered for all patients with interlobular fissure 
integrity greater than 90%. The authors also indicated 
that collateral ventilation should be assessed with Chartis 
in patients with interlobular fissure integrity of 75-90%. 
 Nevertheless, Schuhmann et al. indicated that the 
response rate was only 65% in patients with fissure 
integrity greater than 90% (34). Similar results were 
obtained in studies by Davey et al. and Klooster et al. 
(31,39). If the fissure is incomplete (< 90%), the chance 
of EBV implantation succeeding would be quite small 
according to Schuhmann et al., and this group of patients 
would not need to be examined with Chartis (34). 
Therefore, a strategy combining CT and Chartis can 
ensure a clinical benefit of EBV implantation and avoid 
useless treatment of unsuitable patients. The patient 
selection strategy advocated by de Oliveira et al. needs 
to be studied in more RCTs.

2.2.4. Heterogeneity of emphysema

Heterogeneity of emphysema is another possible 
predictor of the effectiveness of EBV implantation. 
Clinical evidence has not led to any definite conclusions 
regarding this predictor. The VENT study in the US 
and a retrospective study of 57 patients found greater 
improvement in patients with more heterogeneous 
emphysema (18,41). However, the VENT study in 
Europe found that the extent of heterogeneity had no 
significant impact on the success of EBV implantation 
in patients with an intact interlobular fissure and 
collapse of the target lobe (19). In a study by Herth 
et al., 14 of 20 patients (70%) with no CV and less 
heterogeneous emphysema had a TLVR ≥ 350 mL after 
treatment (36). Klooster et al. indicated that patients 
with no CV and an intact interlobular fissure had greater 
improvement if emphysema was heterogeneous rather 
than homogeneous, but the difference between the two 
was not statistically significant (39). Theoretically, more 
heterogeneous emphysema means non-target lobes on the 
same side are healthier than the target lobe. If the target 
lobe collapsed by atelectasis, a healthier lobe on the same 
side can benefit more from an improvement in respiratory 
dynamics. Patients with more heterogeneous emphysema 
should improve more after EBV implantation. Recent 
studies have not indicated significant differences between 
high and low heterogeneous emphysema. This may relate 
to the currently designated values for the threshold of 
heterogeneity (the average heterogeneity of emphysema 
in patients who received the minimal clinical benefit in 
the VENT study). Therefore, whether the heterogeneity 
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of emphysema can be a predictive index for EBV 
implantation and its threshold level should be studied 
further.

2.2.5. Other predictors

An EBV can be implanted in the upper or lower lobe of 
the left or right lung. Retrospective studies of the VENT 
results indicated that post-procedure lung function 
improvement did not differ significantly when an upper 
or lower lobe was treated (42,43). However, recent 
studies have found that each lobe plays a different role in 
lung functioning, with the lower lobe of the lung having 
more of an impact on FEV1 than the upper lobe (44,45). 
Therefore, EBV implantation in the lower lobe may have 
more of a benefit, but this contention needs to be verified. 
Several studies have indicated that EBV implantation 
in the left lobe was more likely to achieve a TLVR 
than implantation in the right lobe (40,42). This may 
be because the left lobe is less likely to have collateral 
ventilation than the right lobe (46). In addition, the right 
lobe has two interlobular fissures while the left lobe has 
only one; thus, there is a greater likelihood of interlobular 
collateral ventilation occurring. A study by Davey et al. 
indicated that when the interlobular fissures were intact 
and there was no collateral ventilation, treatment of the 
left lobe resulted in better improvement in the FEV1 than 
treatment of the right lobe did, but the difference was 
not significant (31). The sample in the study by Davey 
et al. was too small, and the issue of whether treatment 
of the left or right lobe affects the effectiveness of EBV 
implantation needs to be studied further.
 In some studies, ventilation/perfusion scintigraphy 
of the lungs is routinely performed (11-18). The state 
of lung perfusion is usually consistent with the extent 
of damage (47), but in a few instances the state of lung 
perfusion and extent of emphysema may differ because 
local vascular inflammation has induced vascular 
remodeling, which can also lead to irregularities in 
pulmonary perfusion (48,49). Therefore, pulmonary 
perfusion should be assessed prior to the procedure to 
comprehensively assess the lungs. Lung perfusion is 
usually assessed using a combination of CT and single-
photon emission computed tomography (SPECT). Every 
lung perfusion scintigram is craniocaudally divided into 
three equal parts. The upper part of regional perfusion 
is similar to the upper lobe of the lung, and the lower 
part is similar to that of the lower lobe (50). A series 
of studies found that BLVR would cause a decrease in 
target lung perfusion and increase ipsilateral non-target 
lobe and contralateral lung perfusion (51-53). Therefore, 
assessment of lobe perfusion before treatment may be 
an index of the success of EBV. A retrospective study 
of the VENT results found that baseline hypoperfusion 
of the target lobe improved significant results on the 
6MWT after EBV implantation. However, in this study 
the hypoperfused lobe had more emphysema, so the 

extent of emphysema in the target lobe may affect post-
procedure results on the 6MWT (54). Thomsen et al. 
indicated that the degree of perfusion of the target lobe 
and its impact on post-procedure improvement in the 
6MWT did not differ significantly, but patients with 
greater perfusion of the non-target lung on the same 
side had significant improvement in the 6MWT after 
treatment (41). Generally speaking, assessment of 
emphysema (heterogeneity) and pulmonary perfusion 
together may provide a more comprehensive assessment 
of the lobes and their state. Treating the affected lobe 
allows a "better" lobe on the same side to function better 
and can lead to greater benefits from EBV implantation. 
This strategy warrants further study with regard to patient 
selection.

2.3. Complications of valve implantation

The main complications of valve implantation are 
exacerbation of COPD, hemoptysis, pneumothorax, 
and valve displacement. Pneumothorax is the most 
common complication. Gompelmann et al. found 
that the more volume reduction in the target lobe, the 
higher the incidence of pneumothorax (55). Patients 
with pneumothorax benefit more from receiving EBVs. 
However, pneumothorax is a serious complication of 
EBV implantation, patients must be closely monitored 
for pneumothorax within 72-96 hours of the procedure; 
patients should be placed on bed rest for 48 hours and 
be given a cough suppressant since pneumothorax 
often occurs 4 days after EBV implantation (56). 
Experts in the treatment of postoperative pneumothorax 
have reached a consensus: all patients need to be 
closely observed, and patients with an expanding 
pneumothorax will need immediate insertion of a chest 
drain (57). Removal of one or all valves or immediate 
surgical intervention may be considered for patients 
with deteriorating clinical symptoms. IBV implantation 
and EBV implantation involve similar post-procedure 
complications.
 EBVs have been implanted to treat  severe 
emphysema for more than 10 years and are mainly used 
in patients with unilateral heterogeneous emphysema. 
EBV treatment is performed in one lobe only once in 
most patients. A recent retrospective study of patients 
with emphysema in both lungs received EBV treatment 
in one lung; if lung function failed to improve or declined 
again after improving, a second EBV treatment was 
performed in the opposite lung (58). The study indicated 
that patients receiving a 2-steps EBV treatment in both 
lungs could also benefit from the second procedure; 
there were no significant differences in post-procedure 
complications for patients receiving EBV treatment in 
one or both lungs although the latter had a longer hospital 
stay. Further RCTs need to be conducted to evaluate the 
effectiveness of this sequential EBV treatment in both 
lungs.
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 Ongoing RCTs of EBV implantation aim to 
optimize patient screening (LIBERATE study, 
NCT01796392), evaluate long-term outcomes (LIVE 
study, NCT01580215), to treat patients with mild to 
moderate COPD (REMODEL study, NCT01969734), 
and to treat patients with homogeneous emphysema 
(IMPACT study, NCT02025205). Ongoing RCTs of IBV 
implantation include complete occlusion of target lobe 
in one lung with implanted IBVs (EMPROVE study, 
NCT01812447; SVS study, NCT01989182) and an open-
label study of IBV implantation in patients with no CV 
(NCT01902732).

3. Non-blocking BLVR

3.1. LVRC

LVRC (PneumRx/BTG, Camberley, UK) involves the 
use of nickel-titanium alloy coils 10-20 cm long. A 
delivery system is used to place the straightened coils 
in an affected lung. The coils regain their shape and 
compress lung tissue affected by emphysema; as the 
tissue is compressed, its volume is reduced, directing 
air to healthier portions of the lung, thus achieving a 
reduction in lung volume (59). LVRC can be used for 
treatment of bilateral or unilateral emphysema. For 
patients with bilateral emphysema, treatment usually 
involves 2 steps: treatment of the lung on one side and 
then treatment of the lung on the other side 1-4 months 
later. Whether patients have collateral ventilation does 
not need to be considered in LVRC, and LVRC can 
target the most severely damaged pulmonary segment for 
treatment instead of the entire lobe, thus leaving as much 
healthy lung tissue intact as possible. LVRC has obvious 
advantages over EBV implantation. However, the 
disadvantage of LVRC is that it is partially irreversible 
since removal of coils is difficult and is certainly not 
feasible in all cases.
 Small  early tr ials  indicated the safety and 
effectiveness of LVRC (60,61). A prospective European 
multicenter single-arm study involving 60 patients 
with bilateral heterogeneous emphysema found that 
FEV1, results on the 6MWT, and scores on the SGRQ 
improved significantly at the 1-year follow-up (62). 
A small-scale study by Klooster et al. suggested that 
LVRC might be equally effective in treating both 
homogeneous and heterogeneous emphysema (63). In 
the RESET study, 47 patients with homogeneous or 
heterogeneous emphysema were randomly assigned to 
either an LVRC treatment group or the control group 
(64). The treatment group consisted of 23 patients who 
underwent bilateral LVRC implantation. Three months 
after the procedure, lung function, exercise capacity, and 
quality of life improved significantly in comparison to 
the control group. There was no significant difference 
in the benefit received by patients with homogeneous 
or heterogeneous emphysema in that study. One year 

after the procedure, patients were still found to benefit 
from the treatment (65). In a multicenter RCT, known 
as the REVOLENS trial, 100 patients with bilateral 
emphysema were assigned to receive LVRC treatment or 
standard care. After 6 months, significantly more patients 
in the treatment group (n = 50) had an improvement 
of 54 m in the 6MWT in comparison to the control 
group (n = 50) (36% of patients, n = 18 vs. 17% of 
patients, n = 9), although the absolute between-group 
difference in results on the 6MWT was only modest 
(21 m) (66). The study sample was carefully selected 
to include patients with a residual volume greater than 
220% of the predicted volume, which represents a 
higher degree of expiratory air trapping and contrasts 
with the 150% predicted volume specified in inclusion 
criteria for most BLVR trials. A recent RCT (n = 315), 
known as the RENEW trial, required a residual volume 
of greater than 175% of the predicted volume. In 
comparison to standard care, implantation of LVRCs 
only resulted in a modest improvement in exercise 
capacity and slight improvement in lung function, with 
a higher likelihood of post-procedure complications. 
However, a subgroup analysis indicated that patients 
with homogeneous or heterogeneous emphysema and a 
residual volume of greater than 225% of the predicted 
volume had a significant improvement in lung function 
and quality of life because of LVRC implantation (67). 
Usually there are few choices for treatment of patients 
with homogeneous emphysema besides conventional 
treatment (more than 75% cannot undergo LVRS or 
some other BLVR), so LVRC offers a treatment option. 
Therefore, patients with a high degree of air trapping 
may be the main beneficiaries of LVRC treatment. 
Whether LVRC treatment is able to increase the long-
term survival of patients needs to be verified by further 
studies.
 The main complications of LVRC treatment 
include exacerbation of COPD, hemoptysis, transient 
chest pain, pneumonia, and pneumothorax; most 
complications occur within a few weeks after LVRC 
implantation, but mild hemoptysis may persist for a few 
months after the procedure (60).

3.2. BTVA

BTVA (Uptake Medical Corporation, Seattle, Wash., 
USA) delivers water heated by an endobronchial 
catheter to the affected lobe to induce an inflammatory 
response ,  l ead ing  to  i r revers ib le  pu lmonary 
parenchymal fibrosis, scar formation, and distal 
atelectasis, thus achieving a reduction in lung volume 
(68). Thus far, BTVA has only been used to treat 
patients with heterogeneous emphysema primarily 
in the upper lung regions. BTVA can treat the most 
affected segment of one lobe, regardless of collateral 
ventilation. However, this technique is irreversible.
 A single-arm multicenter study of 44 patients with 
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upper lobe emphysema indicated that patients receiving 
unilateral BTVA had an improved FEV1 of 140.8 mL 
(p < 0.001) after 6 months, and 58% of patients had 
12% improvement in their FEV1 (69). However, the 
inflammatory reaction causes most patients to develop 
complications such as a fever, cough, sputum, and 
hemoptysis in the 4 weeks after the procedure; the 
inflammatory response gradually subsides after 12 
weeks but it prolongs hospitalization. Nevertheless, 
the inflammatory reaction seems to be necessary 
for the success of BTVA. Patients who develop an 
inflammatory reaction have a better clinical outcome 
than patients without respiratory adverse events after 
BTVA (70). Henne et al. wondered whether BTVA at a 
lower dose would reduce the incidence of complications 
and provide benefits similar to those of BTVA at a 
higher dose (71). Recently, the multicenter STEP-UP 
study compared 46 patients who received low-dose 
BTVA with 24 patients who received standard care (72). 
The study used 8.5 calories of vapor energy per gram 
of lung tissue to treat affected segments, in contrast to 
10 calories per gram used in previous trials. In order 
to reduce post-procedure complications, the treatment 
was performed in two steps. The first procedure treated 
the most severely damaged pulmonary segment of a 
lobe, and the second procedure treated the remaining 
segments of the same lobe 3-4 months later. After 6 
months, the trial group had significant changes in its 
FEV1 (improvement of 14.7% in the BTVA group vs. 
the control group, p < 0.0001) and its scores on the 
SGRQ (reduction of 9.7 points in the BTVA group, p = 
0.0021). Furthermore, the incidence of adverse events 
decreased significantly in comparison to that in previous 
BTVA trials. STEP-UP study is the only RCT involving 
BTVA. Further studies are needed to verify the long-
term survival benefit of BTVA.

3.3. BioLVR

BioLVR is another irreversible BLVR technique 
using an emphysematous lung sealant system (Aeris 
Therapeutics, Woburn, Mass., USA). BioLVR involves 
injecting synthetic polymers to block the airways 
of affected regions in order to promote bronchial 
remodeling, scarring, and atelectasis, resulting in a 
reduction in target lung hyperinflation (73).
 Previous studies indicated that BioLVR achieved 
a reduction in lung volume. Six months after BioLVR, 
patients had significant improvement in their FEV1 
and scores on the SGRQ, and patients with advanced 
heterogeneous emphysema generally tolerated the 
procedure (74). Another study indicated that BioLVR 
improved lung function and quality of life for patients 
with homogeneous emphysema (75). A study by Kramer 
et al. indicated that BioLVR is effective in treating both 
heterogeneous and homogeneous emphysema, and 
benefits in patients with heterogeneous or homogeneous 

emphysema did not differ significantly 2 years after 
treatment (76,77). Magnussen et al. found that whether 
interlobular fissures were complete had no obvious effect 
on the effectiveness of BioLVR (73). In a recent RCT, 
known as the ASPIRE study, Come et al. compared 
patients undergoing BioLVR and a control group 
receiving standard care, and they found that 34 patients 
who underwent BioLVR had a significantly improved 
quality of life (FEV1: 11.4 % vs. -2.1%, p = 0.0037; 
SGRQ: -11 vs. -4, p = 0.026) (78). Six months after 
treatment, these improvements were still evident, and 
more than 50% of patients who underwent BioLVR had 
a clinically significant improvement (improvement in 
FEV1 ≥ 12 % or improvement in scores on the SGRQ 
≥ 4); however, 44% of treated patients had respiratory 
complications requiring hospitalization at the 90-day 
follow-up and two deaths were reported. The major 
complications of BioLVR are a fever, cough, chest 
pain, acute exacerbation of COPD, pneumonia, and 
hemoptysis. BioLVR needs to be evaluated further in 
clinical trials.

3.4. ABS

ABS is mainly used in patients with severe homogeneous 
emphysema. ABS provides a bypass so that gas trapped 
in an affected region of the lung can be released, 
thus reducing lung volume. Studies have indicated 
that ABS can improve pulmonary function and the 
symptom of dyspnea, but this improvement did not 
differ significantly between the treatment group and the 
control group (79,80). In 2011, a multicenter, double-
blind, sham-controlled RCT, known as the EASE trial, 
randomly divided 315 patients with severe homogeneous 
emphysema into an ABS group (n = 208) and a sham 
surgery group (n = 107); follow-up assessments revealed 
no statistically significant differences in FEV1, results 
on the 6MWT, or scores on the SGRQ for either group 
after 6 months (81). The trial did not achieve the 
expected primary endpoint (at the 6-month follow-up, 
FVC increased by at least 12% and mMRC fell by 1 
point from the baseline). However, the trial indicated 
that ABS in the short term had certain curative effects. 
However, these effects gradually disappeared over time. 
This may be because ABS failed to open up a route for 
gas to escape because the ABS shifted, the respiratory 
tract was obstructed by secretions, or granulation tissue 
formed. Optimizing the design of the ABS and sustaining 
its effectiveness over the long term need to be explored 
further. ABS needs to bridge a vast divide to be ready for 
clinical use.

4. Conclusion

The high mortality and morbidity rate of LVRS has 
spurred the development of BLVR. Previous trials and 
follow-up data have indicated that BLVR can be used to 

352



www.biosciencetrends.com

BioScience Trends. 2016; 10(5):344-356.

treat patients with severe emphysema. However, BLVR 
has yet to yield satisfactory results in terms of the 
improvement in pulmonary function, exercise capacity, 
and quality of life and the incidence of complications. 
The long-term benefit of BLVR needs to be studied 
further. More work is needed to define patient selection 
criteria for each individual technique. According to 
the research, the current options for BLVR to treat 
patients with emphysema are as shown in Figure 
1. This algorithm is similar with those proposed by 
previous studies, but is modified based on the latest 
studies and clinical evidence (82,83). Future research 
will focus on devising new criteria for patient selection 
and improving patient benefit while expanding the pool 
of eligible patients. As imaging and clinical indicators 
are studied further, clinicians of the future may choose 
a different BLVR technique based on more accurate 
patient characteristics, achieving "precision medicine" 
for patients with emphysema.
 In summary, BLVR is a minimally invasive 
treatment for severe emphysema, providing treatment 
options for patients who are unable to undergo LVRS 
or lung transplantation. This technique may be of 
great value in improving lung function, exercise 
capacity, and quality of life, and it has the potential to 
replace conventional surgery for patients with severe 
emphysema. Optimal patient selection and the proper 
selection of the BLVR technique in accordance with 

patient characteristics are crucial to the success of 
BLVR. More multicenter, prospective RCTs need to be 
conducted in the future.
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1. Introduction

Several histones have been detected in mammalian testes 
and testis-specific variants are specifically and highly 
expressed during spermatogenesis (1-3). Testis-specific 
histones (H1t, TH2A, TH2B, and H3t) are related to 
dynamic chromatin remodeling during the histone-to-
transitional protein stage as well as their functional 
roles, such as fertility (1-3). For example, our recent 
study indicated that the lack of Th2a and Th2b encoding 
TH2A and TH2B, respectively, resulted in sterility in 
male mice, and the loss of TH2A and TH2B was linked 

with cohesion release and histone replacement during 
spermatogenesis (4). Additionally, linker testis-specific 
histone H1t revealed that there was no influence on male 
mice fertility (5). There is some evidence that testis-
specific histone H1t and H3t are linked with chromatin 
remodeling during spermatogenesis, but further research 
to investigate the relationship with testis-specific histone 
variants such as H3t is still needed (3).
 Studies for characterization of testis-specific 
histones are essential to trace epigenetic activities of 
histone variants. Some studies on the characterization of 
individual testis-specific histones during spermatogenesis 
have been reported. Lu et al. discovered the mass value 
for TH2B from mice as well as those for different 
TH2B post-translational modifications (PTMs) present 
during spermatogenesis using Liquid chromatography 
(LC)-mass spectrometry (MS) with trypsin digestion 
(6). Additionally, studies have reported that LC-MS 
enabled characterization of TH2B expression patterns 
during mouse spermatogenesis (4,7). However, research 
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involving MS-based characterization of histone variants 
in mouse testes is limited in comparison to functional 
studies. The elucidation of comprehensive analytical 
approaches for functional research into testis-specific 
histone variants is imperative.
 MS-based proteomic analysis has become a universal 
and powerful tool enabling the characterization of 
peptides and proteins. This method has conventionally 
relied upon a bottom-up strategy due to its excellent 
sensitivity. However, the digestion processes associated 
with active enzymes hinder extensive characterization 
of intact proteins, resulting in the loss of significant 
information pertaining to the sequencing of histone 
proteins due to the availability of only extremely short 
peptide sequences. For this reason, a top-down technique 
that enables characterization of intact proteins is used (8-
11). LC in top-down strategies is generally utilized for 
the separation of intact proteins using reversed phase 
(RP) columns (C4, C8, and C18). In particular, columns 
designed for shorter alkyl groups are traditionally used in 
top-down approaches due to the intensive nature of the 
recovery techniques (8,10). Improvements in methods 
addressing the technical and structural challenges for 
relationships to intact-protein separation are feasible and 
necessary for the development of analytical sensitivity in 
columns (10,12). Likewise, ion-pairing reagents, such as 
trifluoroacetic acid (TFA), pentafluoropropionic acid, and 
heptafluorobutyric acid (HFBA), are useful in reducing 
the hydrophilicity of proteins and peptides through 
interactions with anions, resulting in enhanced resolution 
of RP columns. Shibue et al. reported that the efficiency 
of peptide separation was enhanced by strengthening 
the hydrophobicity of the reagent. Specifically, HFBA 
showed the most sensitive and intensive signals in results 
from RP chromatography when compared with other ion-
pairing reagents (13).
 Here, we report the comprehensive characterization 
of histone variants in mouse testes by MS-based 
proteomic analysis. The separation of histone variants 
in the mouse testis was performed by HPLC on the RP-
column with HFBA as ion-pairing reagent. The top-
down characterization of intact histone variants in the 
mouse testis was performed by LC-MS. Masses of 
separated histone variants and their expected PTMs 
were calculated by deconvolution based on the database. 
TH2A, TH2B and H3t were characterized by MS/MS 
fragmentation.

2. Materials and Methods

2.1. Materials

Trichloroacetic acid (TCA), hydrochloric acid 
(HCl), potassium chloride (KCl) magnesium acetate 
(Mg(CH3COO)2) and dithiothreitol (DTT) were 
purchased from Wako Pure Chemicals (Osaka, Japan). 
Trizma base was from Sigma-Aldrich (St Luis, MO, 

USA) and sulfuric acid (H2SO4) was obtained from 
Junsei Chemical Co. (Tokyo, Japan). HFBA (Thermo-
Fisher Scientific, Waltham, MA, USA), TFA (Merck, 
Darmstadt, Germany) and acetonitrile (Thermo-Fisher 
Scientific, Waltham, MA, USA) were of HPLC reagent 
grade.

2.2. Extraction of histones from mouse testes

Mouse (BALB/c) testes combined with epididymides 
were purchased from Funakoshi Co. (Tokyo, Japan), and 
were homogeniged following separation. Whole histones 
in testis and epididymis were extracted using the TCA-
precipitation method with minor modifications (14). In 
brief, all steps were carried out at 4°C. Testis (49.1 mg) 
and epididymis (50.4 mg) were suspended in hypertonic 
lysis buffer [10 mM Tris-Cl (pH 8.0), containing 1 mM 
KCl, 1.5 mM Mg(CH3COO)2, 1 mM DTT, and protease 
inhibitors] and then incubated for 30 min. Lysed cells 
were pelleted by centrifugation at 10,000× g for 10 
min, re-suspended in 0.4 N H2SO4, and incubated for 
30 min. To collect the supernatant containing histones, 
the nuclear debris in these samples was purified 
by centrifugation at 16,000× g for 10 min and the 
supernatant was precipitated by TCA and incubated 
for 30 min. The precipitated samples were pelleted by 
centrifugation at 16,000 × g for 10 min. After washing 
with acetone and drying at room temperature, samples 
were mixed with 100 μL MilliQ water.

2.3. Separation of histone variants

Histones, including testis histones, were separated by 
an Agilent 1100 series HPLC (Agilent Technologies, 
Snata Clara, CA, USA) using a WP300 C4 column 
(2.0 mm × 15.0 mm, 3-µm particle size; GL sciences, 
Tokyo, Japan) at room temperature. A 20-µL sample 
was injected and detected at a UV wavelength of 215 
nm. HFBA was used as an ion-pairing reagent. The 
mobile phase A (5% acetonitrile with 0.1% HFBA) and 
B (90% acetonitrile with 0.1% HFBA) were delivered 
at a flow rate of 0.1 mL/min using the following 
gradient parameters: 0 min (to 5 min, 15% solvent B); 5 
min (to 15 min, 15-48% solvent B); 15 min (to 25 min, 
48% solvent B); 25 min (to 100 min, 48-62% solvent B); 
100 min (to 120 min, 62-100% solvent B); 120 min (to 
130 min, 100% solvent B); 130 min (to 135 min, 100-
15% solvent B); 135 min (to 145 min, 15% solvent B). 
The fraction collector (Gilson, Middleton, WI, USA) 
was programmed to collect fractions at 1-min intervals 
from 30 min to 116 min.

2.4. Top-down analysis

Separated histones were analyzed by a Q-Exactive 
mass spectrometer (Thermo-Fisher Scientific, Bremen, 
Germany) using a linear gradient of 0-100% solvent 
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TH2B and H3t were manually characterized. The mass 
values of histone variants with their modifications 
from MS spectra were calculated by deconvolution 
software (Protein deconvolution version 3.0, Thermo-
Fisher Scientific, Bremen, Germany) with the following 
conditions; a resolution of 35,000 in the range of 400-
2,000 m/z (at 400 m/z) and S/N threshold of 3.

3. Results

3.1. Separation of histone variants by ion-pairing 
chromatography

Figure 1 shows chromatograms of separated histones 
from mouse testis and epididymis. Several histones were 
separated from the sample on the WP300 C4 column 
using HFBA as an ion-pairing reagent. Separated fractions 
were identified by PMF in advance and data was searched 
against a protein database search (NCBInr) using the 
MASCOT search engine (Supplementary Table 1, see 
Supporting Information, http://www.biosciencetrends.
com/docindex.php?year=2016&kanno=5). Here, we 
successfully separated each histone from the mouse 
testis and epididymis using an RP column with HFBA. 
We observed testis-specific histones in mouse testis; 
however, their concentrations were undetectable in the 
epididymis (Figure 1). Some somatic histone variants 
were increased in the epididymis. Specifically, signals 
denoting H2B and H3.2 remarkably increased in the 
epididymis as compared with the deficient levels of 
TH2B and H3t from the testis (Figure 1). The loss of H3t 

B over 30 min (solvent A: 0.1% TFA; solvent B: 80% 
acetonitrile with 0.1% TFA). A flow rate of 300 nL/
min was used with a 100 µm × 12 cm silica capillary 
column in-house packed with InertSustainSwift C18 
(3-µm particle size; GL sciences, Tokyo, Japan). MS 
was directed using Xcalibur software version 3.0.63 
(Thermo-Fisher Scientific, Bremen, Germany). A 
nanoelectrospray (Thermo-Fisher Scientific, Bremen, 
Germany) was applied with a 1.9 kV spray voltage 
and a capillary temperature of 275°C. MS data 
were obtained in the range of 400-2,000 m/z with a 
resolution of 35,000 (at 400 m/z). Q-Exactive data 
were deconvoluted using software (Thermo-Fisher 
Scientific, Bremen, Germany). MS/MS analysis was 
performed by higher-energy collisional dissociation 
(HCD) fragmentation. Three or four precursor ions 
representing the most abundant charge states were 
targeted in HCD mode from MS spectra. Precursor ion 
mass spectra were collected in the range of 400-2,000 
m/z with a resolution of 70,000 (at 400 m/z).

2.4. Data analysis

Each histone variant fraction was identified by peptide-
mass fingerprinting (PMF) in advance (Supporting 
Information). The sequences of histone variants and 
their modifications were searched against a database 
(NCBInr) and another study for H3t (15). Theoretical 
masses and MS/MS fragments were accomplished 
using the GPMAW 6.1 software (Lighthouse data, 
Odense, Denmark) and MS/MS spectra of TH2A, 

Figure 1. Chromatograms of histones in the mouse testis and epididymis. Histones from mouse testis (top) and epididymis 
(bottom) were separated using a C4 RP column with HFBA. Each signal was identified by PMF in advance (see 
Supporting Information).
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in the mouse testis was compensated by somatic histone 
H3 variants in the epididymis (Figure 1 and Table 1). 
Interestingly, H3.2 mainly showed the proportional 
offset as 79.1% in the epididymis, as compared to H3t 
deficiency from the mouse testis (Table 1). In our results, 
we isolated H1t along with other H1 variants (H1.1, 
H1.2, and H1.4) from mouse testis. Additionally, H1.1 
and H1t deficiency and increased levels of H1.4 were 
observed (Figure 1).

3.2. MS-based identification of intact histone variants

Separated intact histone variants from the mouse testis 

and epididymis were identified by a Q-Exactive mass 
spectrometer, followed by deconvolution of the data. 
Table 2 displays the list of somatic and testis-specific 
histones from the mouse testis. The observed masses of 
the intact histones were compared with their theoretical 
masses, which matched their known sequences 
and expected PTMs. Our results indicated that the 
deconvoluted masses of four testis-specific histones 
(H1t, TH2B, TH2A and H3t) were in agreement with 
their theoretical masses (~0.11 Da). Additionally, the 
monoisotopic masses of somatic histones from the 
mouse testis, such as, H2B variants (H2B1F, H2B1B, 
and H2B1C), H2A variants (H2A1, H2A2A, H2A3, 
H2A.X, and H2A.Z), H3 variants (H3.1, H3.2, and 
H3.3), and H4, were calculated with accuracy (Table 2).
 We used a Q-Exactive mass spectrometer for the 
characterization of testis-specific histones (TH2A, 
TH2B andH3t) with each histone fragmented in 
HCD mode. Figure 2 shows an example of the TH2B 
characterization process. Larger masses observed in the 
MS spectrum were targeted as fragmentation sources. 
A total of 20 y and b ions associated with TH2B 
were generated in HCD mode, and these fragmented 
ions were matched in the MS/MS spectrum with the 
TH2B sequence. Similarly, the mapping of other 
testis-specific histones was conducted from the HCD 
fragmentation of precursor ions in the range of 400 m/z 

Table 1. Quantification of H3 variants based on areas of 
peaks

Histone

H3.2
H3.3
H3t
H3.1

Epididymis

52.9 ± 0.2
26.5 ± 0.4

ND
20.5 ± 0.3

Testis

16.5 ± 1.0
22.6 ± 0.04
46.0 ± 0.8
14.8 ± 0.2

ND: Not detected; Areas of H3 variants were calculated from the 
integrated peaks on chromatograms and were expressed as percentages 
relative to the total peak area. The data is shown as averages with SD (n 
= 3). H3.2 was mainly compensated in the epididymis as approximately 
80% in comparison with the loss of H3t in the testis.

Areas (Average ± S.D., %)

Figure 2. Top-down MS-based characterization of TH2B from mouse testis by HCD fragmentation. (A) MS spectrum of 
TH2B. Major precursor ions were targeted for MS/MS analysis. (B) HCD spectrum of precursor ions (z = 20) with matching b 
and y fragments. (C) Mapping HCD fragments of TH2B at the 20+ charge state.



www.biosciencetrends.com

BioScience Trends. 2016; 10(5):357-364. 361

to 2,000 m/z. Peaks in the 736.11 m/z (z = 19) range for 
TH2A and 732.13 m/z (z = 21) for H3t were selected 
for fragmentation, with the y- and b-ion fragments 
corresponding to TH2A and H3t sequences (Figure 
3). We also found fragments of H1t, which were in 
agreement with y ions associated with its C-terminal 
region (data not shown). 

3.3. PTMs of testis-specific histone variants in mouse 
testis

Figure 4 shows PTMs of histones in the mouse testis. 
Histone PTMs were calculated by deconvolution 
according to the MS spectra and our results revealed 
specif ic  PTMs (methylat ion,  acetyla t ion and 

Table 2. List of histone variant masses in the mouse testis

Histones

H1t
H2B1F
H2B1B
H2B1C
TH2B
H2A1
H2A2A
H2A3
H2A.Z
H2A.X
TH2A
H4
H3.1
H3.2
H3.3
H3t

Accession

Q07133
P10853
Q64475
Q6ZWY9
P70696
P22752
Q6GSS7
Q8BFU2
P0C0S6
P27661
Q8CGP4
P62806
P68433
P84228
P84244
·

PTMs

N-terminal acetylation
None
None
None
None
N-terminal acetylation
N-terminal acetylation
N-terminal acetylation
None
N-terminal acetylation
N-terminal acetylation
N-terminal acetylation, Dimethylation
5 methylation
5 methylation
4 methylation
4 methylation

Theoretical masses were calculated by the software based on reported sequence and their PTMs from the database and another study (H3t) (15).
Observed masses are displayed as the most abundant form from the deconvoluted MS spectra.

Theoretical mass (Da)

21438.12
13796.53
13812.52
13766.52
14096.71
14037.92
13997.86
14023.90
13413.51
15044.41
13958.83
11299.38
15333.52
15317.54
15243.52
15344.49

Observed mass (Da)

21438.19
13796.56
13812.55
13766.54
14096.79
14037.95
13997.89
14023.92
13413.48
15044.44
13958.86
11299.42
15333.63
15317.65
15243.64
15344.60

ΔDa

0.07
0.03
0.03
0.02
0.08
0.03
0.03
0.02
0.03
0.03
0.03
0.04
0.11
0.11
0.12
0.11

Figure 3. The mass spectra and sequences of TH2A and H3t. TH2A and H3t were characterized by HCD fragmentation. The 
sequences of histone variants were searched against the database (NCBInr) and another study (15).



www.biosciencetrends.com

BioScience Trends. 2016; 10(5):357-364.362

phosphorylation) on somatic and testis-specific histones 
(Figure 4). Here, we calculated changes in masses of 
~13.96-14.01 Da for methylation from H2A1 and H4, 
~27.98-27.99 Da for dimethylation from H1t and H4, 
~41.93-41.97 for trimethylation or acetylation from 
H2B1F, TH2B, and H4, and ~79.92-79.97 Da for 
phosphorylation from H1t, H2A.X and H2A1 in the 
mouse testis (Figure 4). In addition, higher abundances 
of methylation were observed in H3 variants (Figure 
4). 5 methylated H3.1 and H3.2 and 4 methylated H3.3 
and H3t histones were detected as the most abundant 
monoisotopic masses by deconvolution and other 
methylations were also observed in H3 variants (Figure 
4). The values of methylations of H3 variants were 
counted on the basis of their mass shifts from the most 
abundant masses. For example, the masses of -13.99 
Da and +14.01 Da indicated trimethylation and 5 
methlyation in H3t, respectively (Figure 4).

4. Discussion

Various histone variants as well as their PTMs are related 
to chromatin remodeling during spermatogenesis (1-
3). To understand their structural patterns related to 
chromatin dynamics, an MS-based characterization 
process is required. Some studies have reported the MS-
based characterization on individual histone variants 
(4,6,7). However, it is difficult to find the comprehensive 
identification of intact histones in the mouse testis. Here, 
we separated histone variants from the mouse testis and 

conformed their replacement patterns in the epididymis. 
Each separated intact histone was identified using LC-
MS/MS. Specifically, we conformed testis-specific 
histone's sequences by HCD fragmentation.
 The separation of histone variants is an essential step 
for the structural research of histone proteins or their 
PTMs. We used HFBA as the ion-pairing reagent for 
histone separation in this study. Ion-pairing reagents play 
an important role in the RP-column separation of proteins 
and peptides in accordance with their hydrophobicity by 
causing interactions with protein side chains. Specifically, 
HFBA showed the best sensitivity and intensity in 
peptide-separation results when compared to other ion-
pairing reagents (13,16). We successfully separated each 
testis-specific histone in this study. Moreover, our results 
showed a better separation efficiency, as compared to our 
previous research when we used TFA as the ion-pairing 
reagent (4).
 Testis-specific histones, H1t, TH2A, TH2B and H3t, 
are abundant in mammalian testes and they gradually 
decrease during the histone-to-protamine stage by 
chromatin remodeling (1-3). The mouse epididymis is a 
tube connected to the testis where mature sperm is stored 
and transported (2). In this study, it was used to compare 
the histone dynamics between the testis and epididymis 
in mice. We observed the expression of testis-specific 
histones in the mouse testis and they were undetected in 
the mouse epididymis. To trace the transformed testis-
specific histones as somatic types is also important to 
understand histone dynamics during spermatogenesis. 

Figure 4. PTMs on histone variants from mouse testis. Me: methylation; The most abundant monoisotopic masses and mass 
differences were calculated using deconvolution. Acetylated N-termini of H1t, H2A1, H2A.X, and H4 (with dimethlyation) 
were observed as the most abundant masses. 5 methylated H3.1 and H3.2 and 4 methylated H3.3 and H3t histones were detected 
as the most abundant monoisotopic masses. +13.96 Da (monomethylation), +27.99 Da (dimethlyation), ~+41.93-+41.97 Da 
(trimethylation or acetylation), and ~+79.92-+79.97 Da (phosphorylation) were detected on H1t, H2B1F, TH2B, H2A.X, H2A1, 
and H4. The values of methylation of H4 and H3 variants were counted on the basis of their mass shifts from the most abundant 
masses. For example, the masses of -13.99 Da and +14.01 Da indicated trimethylation and 5 methlyation in H3t, respectively.
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H1t is normally observed during spermatogenesis and 
somatic histone H1 variants are detected in H1t-deficient 
mice (2,5,17). An increased concentration of somatic 
histone H2B was observed in TH2B knock-out mice 
during spermatogenesis in our previous research (4). Our 
results showed compensated signals in the epididymis, 
as compared to the loss of testis-specific histones. 
Specifically, H3.2 was proportionally offset against the 
H3t deficiency in the epididymis. Histone H3t is highly 
expressed during spermatogenesis and observed at lower 
concentrations in somatic cells (2,3,18). However, the 
level of H3t was not observed in the mouse epididymis 
in this research. The relationship between H3t and other 
H3 variants in the testis has not been fully reported. 
Although further research concerning the compensatory 
nature of testis-specific histone expression is needed, 
our results indicating possible correlations between 
expression levels may provide unique and invaluable 
insight into the functional roles.
 To characterize separated intact testis-specific 
histones, we used MS-based top-down analysis. Various 
histones including testis-specific histones and somatic 
histones coexist in the testis and some variants have 
similar sequences (1). For example, H3t shows only three 
different amino acids in its sequence in comparison with 
the canonical H3 (15). The MS-based top-down approach 
is suitable for comprehensive characterization of intact 
histones because the proteins' sequences and their PTMs 
are conserved (8-11,19). Previous research explored the 
use of proteomic analysis techniques and MS to identify 
the mass of TH2B (4,6,7); however, the results were not 
sufficiently comprehensive enough to verify MS-based 
characterization of testis-specific histones. In this study, 
we showed comprehensive analysis of histone variants 
in the mouse testis by the MS-based top-down approach. 
Additionally, we performed the characterization of 
testis-specific histones by sequencing using HCD 
fragmentation. HCD is similar to collision-induced 
dissociation (CID), and both fragmentation approaches 
are useful tools for identifying intact proteins with highly 
similar sequences. Moreover, HCD is more sensitive 
and allows for higher resolution of results relative to 
CID (8,10). Despite interest in functional and structural 
research of testis-specific histones, data associated with 
their MS-based characterization has been ambiguous. 
Our results presented successful sequence-based 
characterization of testis-specific histones from mice.
 In this study, some PTMs on histone variants in 
the mouse testis were detected by MS-based top-
down characterization. PTMs in male germ cells play 
a key role in biological activities related to chromatin 
remodeling, and can be found on histone proteins in the 
form of methylation, acetylation, phosphorylation, or 
ubiquitination (2,3,20). In particular, various mass shifts 
were observed from the most abundant monoisotopic 
masses  of  the  H3 var iants .  PTMs as  +14 Da 
(monomethylation), +28 Da (dimethylation) and +42 Da 

(trimethylation or acetylation) are the general patterns on 
the N-terminal residues of histone H3 variants (21). These 
PTMs were also detected on H3 variants, including H3t, 
in our data. Several approaches have been undertaken to 
understand the novel markers and functions associated 
with histone PTMs during spermatogenesis (22-24). 
While further research to identify similar modifications 
(acetylation and trimethylation) and reduce variations 
between observed and theoretical values is still required, 
the data presented here provides valuable insight into 
MS-based characterizations of histone-specific PTMs.
 In conclusion, we conducted MS-based top-down 
analysis to facilitate the comprehensive characterization 
of histone variants in the mouse testis. Histone variants 
were successfully separated on a reversed phase 
column with HFBA. Separated histone variants were 
characterized by an MS-based top-down approach. 
In this process, we found four testis-histone variants, 
H1t, TH2A, TH2B and H3t in the mouse testis 
when compared to the mouse epididymis and over-
expressed H2B and H3 variants were detected in the 
epididymis. Specifically, approximately 80% of H3.2 
was proportionally compensated in the epididymis, 
as compared to the decreased H3t from the testis. 
Moreover, our approach showed the masses of PTMs on 
the histone variant using deconvolution. These results 
provide information on histone variants in the mouse 
testis by comprehensive separation and characterization. 
Our work contributes to the structural and functional 
research of histone variants in mammalian testes.
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Polyphosphate-induced matrix metalloproteinase-13 is required for 
osteoblast-like cell differentiation in human adipose tissue derived 
mesenchymal stem cells
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1. Introduction

Inorganic polyphosphate [Poly(P)] is a linear polymer 
consisting of tens to hundreds of orthophosphate 
residues linked by high-energy phosphoanhydride 
bonds. In mammals, Poly(P) is found in erythrocytes 
and cells of the brain, heart, lungs, and liver (1-4). The 
most researched and well-known role of Poly(P) is in 
the promotion of intracellular calcification (5). Because 
Poly(P) induces alkaline phosphate (ALP) activity and 
up-regulates osteocalcin (BGLAP) and osteopontin 
(SPP1) gene expression (6), Poly(P) is thought to play 
an important role in the maturation of bone-related 
immature cells, and may be involved in the construction 

of bone tissue by osteoblasts. 
 In addition to blood vessels and nerves, fibroblasts 
are a significant component of dental pulp tissue (7) 
and thus might represent a novel therapeutic target for 
treatment of pulpitis. We previously reported Poly(P) 
regulation of differentiation and proliferation in dental 
pulp fibroblast-like cells (DPFCs) and odontoblast-
like cells (8-10). Recently, roles of Poly(P) have 
been suggested in apoptosis and modulation of the 
mineralization process in bone tissue (11,12). 
 Matrix metalloproteinases (MMPs) play central 
roles in cell proliferation, migration, differentiation, 
ang iogenes i s ,  apop tos i s ,  and  hos t  de fenses . 
Deregulation of MMPs has been implicated in many 
diseases including rheumatoid arthritis (RA), chronic 
ulcers, encephalomyelitis, and cancer (13-15). MMP-
13 is highly overexpressed in pathological situations 
such as carcinomas, RA, and osteoarthritis (OA). 
Furthermore, MMP-13 may be involved in articular 
cartilage turnover and cartilage pathophysiology 
associated with OA. We previously reported that MMP-
13 accelerates bone remodeling following development 

Summary Inorganic polyphosphate [Poly(P)] induces differentiation of osteoblastic cells. In this study, 
matrix metalloproteinase (MMP)-13 small interfering RNA (siRNA) was transfected into 
human adipose tissue-derived mesenchymal stem cells (hAT-MSC) to investigate whether 
MMP-13 activity induced by Poly(P) is associated with osteogenic differentiation. Real-time 
quantitative polymerase chain reaction, Western blotting, and an MMP-13 activity assay 
were used in this study. Poly(P) enhanced expression of mature osteoblast markers, such as 
osteocalcin (BGLAP) and osteopontin (SPP1), osterix (OSX), and bone sialoprotein (BSP), 
and increased alkaline phosphatase (ALP) activity and calcification capacity in hAT-MSCs. 
These cells also developed an osteogenic phenotype with increased expression of Poly(P)-
induced expression of MMP-13 mRNA and protein, and increased MMP-13 activity. MMP-
13 siRNA potently suppressed the expression of osteogenic biomarkers BGLAP, SPP1, OSX, 
BSP, and ALP, and blocked osteogenic calcification. Taken together, Poly(P)-induced MMP-
13 regulates differentiation of osteogenic cells from hAT-MSCs.
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of periradicular lesions (16,17), and presented evidence 
suggesting that MMP-13 plays a potentially unique 
physiological role in wound healing and regeneration 
of alveolar bone. Because alveolar bone tissue consists 
predominantly of osteoblasts, these cells may represent 
a potential target cell type for new therapeutic strategies 
to mitigate these disease states. Moreover, we have 
reported that the proinflammatory cytokine interleukin 
(IL)-1 induces MMP-13 activity in purified osteoblast-
like cells derived from human stem cells (16,17).
 Mesenchymal stem cells (MSCs) are multipotent 
cells in bone marrow and various other tissues, which 
are capable of differentiating into osteogenic cells, 
especially osteoblasts, as well as chondrogenic and 
adipogenic lineages by culturing in appropriate in vitro 
conditions (18). MSCs have been identified in adipose 
tissue, which are termed adipose tissue-derived MSCs 
(AT-MSCs) (19-21). Compared with bone marrow-
derived MSCs (BMSCs), human AT-MSCs are easier 
to obtain, have relatively lower donor site morbidity, 
a higher yield at harvest, and can expand more 
rapidly in vitro than BMSCs (22,23). Moreover, the 
proliferation and differentiation potential of AT-MSCs 
are independent of age (24,25). Under appropriate 
conditions, AT-MSCs can be induced into an osteogenic 
lineage in vitro and can therefore be seeded in proper 
scaffolds as seed cells to repair bone defects. These 
advantages suggest that human AT-MSCs are a 
promising alternative source of seed cells for tissue 
engineering and regeneration. 
 We recently established a differentiation method 
for  homogeneous α7 integrin-posi t ive human 
skeletal muscle stem cell-derived osteoblast-like 
cells (26), and found that IL-1β induces MMP-13-
regulated proliferation of these cells (16,17). These 
data suggest that MMP-13 plays a potentially unique 
physiological role in the regeneration of osteoblast-
like cells. We previously reported that Poly(P) induces 
MMP-3-mediated proliferation of odontoblast-like 
cells derived from mouse induced pluripotent stem 
cells (9). Although it is known that Poly(P) induces 
differentiation of osteoblastic cells, the detailed 
mechanism of Poly(P)-induced differentiation in AT-
MSCs remains to be elucidated. 
 In the current study, we employed purified 
osteoblast-like cells derived from human AT-MSCs 
(hAT-MSCs) as an appropriate cell model to examine 
the mechanism of Poly(P)-induced differentiation in 
vitro. We show, for the first time, that Poly(P)-induced 
MMP-13 regulates differentiation of osteoblast-like 
cells from hAT-MSCs.

2. Materials and Methods

2.1. Materials

Type-65 Poly(P) with an average chain length of 

65 phosphate residues was prepared from sodium 
tripolyphosphate (Taihei Chemical Industrial Co., Ltd., 
Osaka, Japan). Concentrations of Poly(P) are shown in 
terms of phosphate residues (27). As a control, sodium 
phosphate buffer (pH 6.9) was used instead of Poly(P).

2.2. Cell culture

hAT-MSCs were obtained from Takara Bio Inc. (Shiga, 
Japan) and grown in growth medium (C-28010; 
Takara Bio Inc.) according to the manufacturer's 
protocols. hAT-MSCs were tested for cell morphology, 
proliferation potential, adherence rate, and viability. 
Furthermore, they were characterized by flow 
cytometric analysis of a comprehensive panel of 
markers, namely CD73, CD90, CD105, CD14, CD19, 
CD34, and CD45 (28). Adipogenic, osteogenic and 
chondrogenic differentiation assays were performed 
under each appropriate culture condition without 
antibiotics or antimycotics. Passage 6-9 cells were used 
in experiments. At 70% confluence, the medium was 
replaced with osteogenic differentiation medium (ODM) 
(C-28013; Takara Bio Inc.) or growth medium every 
3 days up to 21 days. The first day the medium was 
replaced with osteogenic culture medium was defined 
as day 0.

2.3. Cell proliferation assay and microscopic analysis

Cell proliferation was evaluated using a bromodeoxyuridine 
(BrdU)-cell proliferation enzyme-linked immunosorbent 
assay (ELISA; Roche Applied Science, Mannheim, 
Germany) as described previously (29,30). In addition, 
cell proliferation was evaluated visually under a BZ-
9000 microscope (Keyence, Osaka, Japan) using a 
BrdU immunohistochemistry kit (Abcam, Cambridge, 
UK) according to the manufacturer's instructions.

2.4. Functional assay for assessment of the osteogenic 
phenotype

To assess the phenotype of cultured cells,  we 
measured ALP activity and calcification as markers of 
differentiation. ALP activity was determined using an 
ALP Staining Kit (Primary Cell Co., Ltd., Hokkaido, 
Japan). Mineralization from the Poly(P)-treated cells 
was quantified using an Alizarin red S (ARS) assay 
(Sigma-Aldrich, St. Louis, MO, USA). ARS staining 
was quantified using a previously reported method (31) 
and photographed under the BZ-9000 microscope and/
or an IN Cell Analyzer 2000 (GE Healthcare UK Ltd., 
Buckinghamshire, England).

2.5. Real-time quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) analysis

qRT-PCR was performed on all samples and standards 
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Whitney U-test. A p-value of less than 0.05 was 
considered statistically significant. 

3. Results

3.1. Poly(P) alters hAT-MSC proliferation

We first analyzed the effect of Poly(P) on the cell 
proliferation of hAT-MSCs using the BrdU-cell 
proliferation ELISA. As a result, we found that Poly(P) 
increased cell proliferation in a dose-independent 
manner. Poly(P) at a concentration of 0.2 mM was 
optimal to enhance cell growth (p < 0.05) (Figure 
1). Both 0.1 and 0.5 mM Poly(P) resulted in potent 
inhibition of cell proliferation. 

3.2. Poly(P) induces osteogenic differentiation of hAT-
MSCs 

We previously analyzed the effect of Poly(P) on cell 
proliferation of rat DPFCs, and found that 0.2 mM 
Poly(P) is an optimal concentration to enhance the cell 
growth, whereas more or less than 0.2 mM Poly(P) 
results in potent inhibition of cell proliferation (10).
 To examine whether Poly(P) induced osteogenic 
characteristics in hAT-MSCs, the cells were cultured in 
the presence of 0.2 mM Poly(P) for 7 days. Both qRT-
PCR and Western blotting revealed higher expression 
of osteogenic differentiation markers ALPL, BGLAP, 
SPP1, OSX, and BSP (Figure 2A-a, b).
 The majority of Poly(P)-treated hAT-MSCs 
showed strong ALP expression, whereas control cells 
had undetectable ALP expression (Figure 2B-a, b). 
Extensive deposits of calcified matrix were observed in 
Poly(P)-treated hAT-MSC cultures, whereas calcified 
matrix was not apparent in control cell cultures (Figure 
2C-a, b). Consistently, Poly(P) treatment induced a 
marked increase in ARS signals (Figure 2C-a, b). Taken 

in triplicate with approximately 25 ng RNA, 0.25 
mL Quantitect RT Mix (Qiagen Inc., Valencia, CA, 
USA), and 1.25 mL of 20× Primer/Probe Mix (human 
alkaline phosphatase[ALP; ALPL]: Hs01029144_
m1; human osteocalcin [OC; BGLAP]: Hs00609452_
g1; human osteopontin [OP; SPP1]: Hs00959010_m1; 
human osterix [OSX]: Hs00931793_m1; human bone 
sialoprotein [BSP]: Hs00173720_m1; human MMP-
1: Hs00899658_m1; human MMP-2: Hs01548727_
m1; human MMP-3: Hs00968305_m1; human MMP-
9: Hs00234579_m1; human MMP-13: Hs0023392_
m1). The standard curve method was used for relative 
quantification of gene expression with glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) and 18S rRNA 
as controls. Analysis was performed by the ΔΔCt 
method. 

2.6. Western blot analysis

Cells were cultured for 6 h with or without Poly(P) 
and then lysed using cell lysis buffer (Cell Signaling 
Technology Japan, K.K., Tokyo, Japan). Proteins 
were separated on 12% SDS-polyacrylamide gels 
for Western blot analysis using anti-ALP, -OC, -OP, 
-OSX, -BSP, -MMP-13 and -β-tubulin polyclonal 
antibodies (sc-271431, sc-30044, sc-10593, sc-22538, 
sc-73634, sc-30073, and sc-9935, respectively; Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, USA). 
Visualization of blotted protein bands was performed 
using a Multi Gauge-Ver3.X (Fujifilm, Tokyo, Japan). 

2.7. Measurement of MMP-13 activity

The protocol for measurement of MMP-13 activity 
has been described previously (32,33) and is now a 
commercially available MMP-13 activity assay kit 
(SensoLyte™ 520 MMP-13 assay kit; AnaSpec, San 
Jose, CA, USA).

2.8. Silencing of the MMP-13 gene by small interfering 
RNA (siRNA) transfection

Commercially available MMP-13 siRNA (sc-41559, 
Santa Cruz Biotechnology, Inc.) was transfected into 
cultured cells using an siRNA reagent system (sc-
45064, Santa Cruz Biotechnology, Inc.) according 
to the manufacturer's protocol. GAPDH siRNA and 
a control siRNA without known homology to any 
vertebrate sequence (Thermo Scientific, Lafayette, 
CO, USA) were used as positive and negative controls, 
respectively.

2.9. Statistical analysis

Data presented in bar graphs are the means ± standard 
deviation (SD) of four to six independent experiments. 
Statistical significance was assessed using the Mann-

Figure 1. Optimization of Poly(P)-induced proliferation of 
hAT-MSCs. A BrdU-cell proliferation ELISA was employed 
to evaluate the proliferation of Poly(P)-treated cells and 
untreated (control) cells for up to 7 days. Cells were cultured 
in the absence or presence of the indicated concentrations 
of Poly(P) in triplicate wells. Data are the means ± SD. 
Differences between control and Poly(P)-treated groups were 
assessed by the Mann-Whitney U-test. *p < 0.05 and **p < 0.01 
vs. control.
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together, Poly(P) induced osteoblast-like cells from 
hAT-MSCs.

3.3. Poly(P) induces expression of MMP-13 mRNA and 
activity of MMP-13 in hAT-MSCs 

MMP-13 induction by 0.2 mM Poly(P) was assessed 
using qRT-PCR to measure changes in MMP-13 mRNA 
expression. The levels of MMP-13 mRNA expression 
in Poly(P)-treated cells were significantly increased 
(p < 0.05) at days 3, 5, and 7 of culture (Figure 3A). 
Bone-associated cells also express other MMPs 
including MMP-1, MMP-2, MMP-3, and MMP-9 (34-
36). However, we found no significant changes in their 
expression levels in hAT-MSCs treated with 0.2 mM 
Poly(P) (Figure 3B). Furthermore, MMP-13 activity 
was significantly increased (p < 0.01) at days 3, 5, and 
7 following treatment of hAT-MSCs with Poly(P) for 
24 h (Figure 3C), and no significant differences were 
found between Poly(P) treatments for 12 or 24 h.
 MMP-13 activity is precisely regulated at the post-
translational level as a precursor zymogen and by 
endogenous tissue inhibitors of metalloproteinases 
(TIMPs) (37). Although TIMP-2 and TIMP-3 are 

known to be induced by cytokines (37), we found that 
TIMP-1–3 proteins were constitutively expressed in all 
experimental conditions (data not shown). 

3.4. siRNA silencing of MMP-13 blocks osteogenic 
differentiation

To examine whether the up-regulation of MMP-
13 expression was associated with osteogenic 
differentiation, hAT-MSCs were transfected with MMP-
13 siRNA or a control scrambled siRNA, and then 
treated with Poly(P) as described above. Transfection of 
MMP-13 siRNA abrogated the induction of osteogenic 

Figure 2. Expression of differentiation markers during 
osteogenic differentiation induced by Poly(P). (A-a) hAT-
MSCs were treated with Poly(P) for 7 days. Expression of 
osteogenic differentiation markers was assessed by qRT-
PCR, including ALPL, BGLAP, SPP1, OSX, and BSP (**p < 
0.01 vs. control). Data are presented as the means ± SD and 
are representative of at least three independent experiments. 
Similar changes in the protein expression levels of these 
markers were observed in Western blot analyses (A-b). 
ODM: osteogenic differentiation medium. ALP activity was 
measured in hAT-MSCs treated with or without Poly(P) (B-a, 
b). ALP activity was measured by absorbance at 405 nm and 
normalized against total protein (**p < 0.01 vs. control). Scale 
bar: 100μm. (C-a, b) ARS staining of hAT-MSCs treated with 
Poly(P) (**p < 0.05 vs. control). Scale bar: 100 μm.

Figure 3. Evaluation of Poly(P)-induced MMP-13 mRNA 
expression and MMP-13 activity in hAT-MSCs. (A) qRT-
PCR analysis of Poly(P)-induced MMP-13 mRNA in hAT-
MSCs at 24 h. (B) Expression of other MMP mRNAs and 
proteins in hAT-MSCs. hAT-MSCs were treated with 0.2 mM 
Poly(P) prior to qRT-PCR analysis of MMP-1, MMP-2, MMP-
3, and MMP-9 mRNA expression compared with the control 
(18S rRNA). Data are the means ± SD of four independent 
experiments. (C) Measurement of active MMP-13 released 
from cultured hAT-MSCs following treatment with 0.2 mM 
Poly(P). Cells were incubated in serum-free medium in the 
absence or presence of 0.2 mM Poly(P) for 12 or 24 h. Data are 
the means ± SD of at least three independent experiments (*p < 
0.05; **p < 0.01).
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differentiation markers ALPL, BGLAP, SPP1, OSX, 
and BSP (p < 0.05, Figure 4A). Similar changes in the 
protein levels of each marker were observed in Western 
blot analyses (Figure 4B). Furthermore, MMP-13 
siRNA blocked induction of ALP activity in Poly(P)-
treated cells (p < 0.01, Figure 5A-a, b). Similarly, the 
induction of calcification was markedly suppressed 
(p < 0.05) by Poly(P) treatment of MMP-13-depleted 
cells (Figure 5B-a, b). Collectively, these data show 
that expression of MMP-13 is required for osteoblast-
specific functions in hAT-MSCs.

4. Discussion

First, this study is the first report of Poly(P)-induced, 
MMP-13-mediated responses in the differentiation of 
hAT-MSCs. We demonstrated that Poly(P)-treated hAT-
MSCs could be a novel in vitro model of bone tissue 
regeneration. Poly(P) at a concentration of 0.2 mM 
induced MMP-13 expression in hAT-MSCs (Figure 
2A) and led to enhanced hAT-MSC differentiation 
into osteoblast-like cells (Figure 2A-C), although 
we were unable to precisely determine how many 
hAT-MSCs had differentiated. However, phenotypic 

characterization based on calcification and the levels 
of ALPL, BGLAP, SPP1, OSX, and BSP suggested that 
a large proportion of the hAT-MSCs had differentiated 
into osteoblast-like cells (Figure 2A-a, b).
 We have previously demonstrated that  the 
inflammatory cytokine IL-1β or a cytokine mixture 
induces MMP-3-regulated cell proliferation and 
suppresses apoptosis in rat DPFCs (38,39). Moreover, 
we previously reported that Poly(P)-induced, MMP-3-
mediated proliferation in rat DPFCs is mediated by a 
Wnt5 signaling cascade (10). Considering the effect of 
MMP-13 on osteogenic cell differentiation, the present 
findings suggest that targeting the MMP-13 gene in 
these osteogenic cells may have utility in the treatment 
of periradicular lesions. Additionally, Poly(P)-treated 
hAT-MSCs could serve as an effective model to explore 
the pathophysiological mechanisms of wound healing. 
Furthermore, our current evidence suggests that 
Poly(P)-induced MMP-13 has previously unrecognized 
physiological functions in wound healing and bone 
tissue regeneration.
 We showed that Poly(P)-induced cells acquired 
osteoblast-specific functions following differentiation 
from hAT-MSCs. Poly(P)-treated hAT-MSCs appeared 
to be predominantly osteoblasts. A major concern 
is that we were unable to identify the differentiated 
cells as osteoblasts because these cells also expressed 
specific osteoblastic markers including osteocalcin and 
osteopontin.

Figure 4. Effect of siRNA silencing on induction of 
osteogenic markers. (A) The expression of osteogenic marker 
mRNAs (ALPL, BGLAP, SPP1, OSX, and BSP) in Poly(P)-
treated hAT-MSCs was assessed by qRT-PCR following culture 
in the presence of MMP-13 siRNA. Data are the means ± SD (n 
= 4). **p < 0.01 vs. control; †p < 0.01 as indicated. (B) Western 
blot analysis of osteogenic marker protein expression in these 
cells at 24 h after siRNA transfection. Poly(P)-treated hAT-
MSCs were treated with MMP-13 siRNA, and then expression 
of ALP, OC, OP, OSX, BSP, and MMP-13 proteins was 
measured. No significant cross-reactivity with other proteins 
was observed for the antibodies used in the analyses. Images 
are representative of at least three independent experiments.

Figure 5. siRNA silencing of MMP-13 blocks osteogenic 
differentiation. (A-a, b) Effect of MMP-3 siRNA on the 
functional activities of hAT-MSCs. ALP activity was measured 
in control and MMP-13-depleted hAT-MSCs treated with 0.2 
mM Poly(P). Data are presented as the means ± SD (n = 4) 
normalized against total protein, (**p < 0.01 vs. control; †p < 
0.05 as indicated). Scale bar: 100 μm. (B-a, b) Effect of MMP-
13 siRNA on the mineralization capacity of hAT-MSCs. Cells 
were prepared and mineralization was assessed by ARS staining 
with quantification performed by measuring absorbance at 405 
nm. Data are the means ± SD (n = 4). *p < 0.05 vs. control; †p 
< 0.05 as indicated. Scale bar: 100 μm.
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 In conclusion, the current findings presented here 
support our previous reports (38,39) and indicate 
that MMP-13 may have a previously unrecognized 
physiological function in wound healing and bone 
tissue regeneration. Because Poly(P) induces MMP-13-
regulated hAT-MSC differentiation into osteoblast-like 
cells, the use of Poly(P) represents a potentially superior 
therapeutic approach for treatment of periradicular 
lesions combined with root canal treatment.
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MicroRNA-613 regulates the expression of brain-derived 
neurotrophic factor in Alzheimer's disease

Wei Li, Xu Li, Xin Xin, Peng-Cheng Kan, Yan Yan*

Department of Clinical Laboratory, Tianjin Huan Hu Hospital, Tianjin, China.

1. Introduction

Alzheimer's disease (AD) is a progressive neurodegenerative 
disease leading to deteriorating cognitive and memory 
function, immobility, and eventually death in affected 
patients (1). It is predicted that AD will affect 1 in 85 
people globally by 2050 (2), thus AD has become a 
global health problem, and will bring a heavy burden to 
society. Until now, the etiology and pathogenesis of AD 
have not been elucidated. 
 Brain-derived neurotrophic factor (BDNF) is a 
member of the neurotrophic factor family and is known 
to protect against neurotoxicity of the Aβ peptide and 
neural cell death by aggregation of Aβ and tau proteins 
(3,4). Previous research suggested that BDNF was 
decreased in the frontal cortex and hippocampus of 
patients with AD (5), and DNA methylation of BDNF 

promoter is associated with the manifestation and clinical 
presentation of AD (6). 
 MicroRNAs (miRNAs) are small non-coding 
RNA molecules that regulate gene expression at the 
post transcriptional level. Recently, several miRNAs 
have been found to be related to AD pathogenesis by 
affecting the expression of function of AD-relevant 
molecules such as amyloid precursor protein (APP) 
(7), β-site amyloid precursor protein cleaving enzyme 1 
(BACE1) (8) or Tau (9,10). Measurements of miRNAs 
in blood and cerebrospinal fluid (CSF) have become a 
novel diagnostic tool for various neurological diseases, 
including AD. miR-613, which was predicted to target 
BDNF in our study has neither been detected in patients 
with AD, nor been reported to be associated with AD. 
 In this study, we found that BDNF was significantly 
decreased in serum and CSF of patients with mild 
cognitive impairment (MCI) and dementia of Alzheimer's 
type (DAT), and also in hippocampus in APP/PS1 
transgenic mice compared to the controls. Conversly, 
the expression of miR-613, which was predicted and 
confirmed to target 3'-UTR of BDNF, was increased in 
patients and APP/PS1 mice. This finding demonstrates 
that miR-613 may be a new biomarker for diagnosis of 
AD and helpful to explore new treatment strategies.

Summary Alzheimer's disease (AD) is a neurodegenerative disorder characterized by progressive 
loss of memory and other cognitive functions and presents an increasing clinical challenge 
in terms of diagnosis and treatment. Brain-derived neurotrophic factor (BDNF) plays an 
important role in neuronal survival and proliferation. In the present study, the mRNA and 
protein expression level of BDNF was detected in serum, and cerebrospinal fluid (CSF) of 
patients with mild cognitive impairment (MCI), dementia of Alzheimer's type (DAT), and 
hippocampus in APP/PS1 mice. A significant decrease of BDNF mRNA and protein expression 
was observed in serum and CSF of patients and hippocampus in APP/PS1 mice compared 
with the corresponding controls. miR-613, which is predicted to target the 3'-UTR of BDNF, 
was also detected in patients and the mouse model. Opposite to the alteration of BDNF, miR-
613 expression in serum, CSF and hippocampus were obviously increased compared to the 
controls. In conclusion, these findings showed that miR-613 may function in the development 
of AD and may provide new insights in diagnosis and treatment of AD.
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2. Materials and Methods

2.1. Study population

The present study was approved by the ethics committee 
of Huan Hu Hospital (Tianjin, China), and written 
informed consent was received from all the patients. 
Patients were diagnosed and characterized based on the 
National Institute of Neurological and Communicative 
Disorders and Stroke and the Alzheimer's Disease and 
Related Disorders Association (NINCDS-ADRDA) 
diagnostic criteria amendment, which was published 
by the National Institute on Aging and the Alzheimer's 
Association (NIA-AA) in April 2011 (11). A total of 
32 MCI (22 females, 20 males, mean age 64.8 ± 7.2) 
and 48 DAT patients (26 females, 22 males, mean age 
65.5 ± 6.8) were selected for the following study. 40 
healthy individuals (22 females, 18 males, mean age 
63.2 ± 6.3) were obtained from Physical examination 
center of Huan Hu Hospital and informed consent was 
also received from the participants. The serum and CSF 
samples were extracted from the patients, centrifuged at 
12,000× g for 5 min at 4°C. Serum was stored at -80°C, 
and CSF samples were stored at -20°C for further 
analysis.

2.2. Animals

The 3-,  6-  and 9-month-old APP/PS1 double-
transgenic mice with C57BL/6J genetic background 
were purchased from Zhongke Biotechnology Co., Ltd 
(Beijing, China). The study protocols of animals were 
approved by Ethics Committee of Huan Hu Hospital of 
Tianjin in China. Non-transgenic mice (wild-type mice) 
were used as controls. Mice were anesthetized with 
ether and blood was taken by removing the eyes. After 
the mice were sacrificed, their brains were moved into a 
35-mm dish. The cranial cavity and cerebral ventricles, 
which include lateral, third and fourth ventricles, were 
rinsed with PBS, and CSF was harvested with PBS, the 
washing solution was CSF-like fluid. 
 The hippocampus was isolated for further detection. 
There were 6 mice in each group. All the samples were 
stored in liquid nitrogen until required.

2.3. Cell culture and transfection

SH-SY5Y cells were cultured in Dulbecco's Modified 
Eagle Medium (DMEM, Gibco, USA) which contains 
10% fetal bovine serum (FBS) at 37°C with 5% CO2. 
Oligonucleotides and plasmids were transfected using 
LipofectamineTM 2000 reagent (Invitrogen, USA) 
according to the manufacturer's instructions.

2.4. Plasmid construction and oligonucleotides

The miR-613 sequence was amplified and inserted into 

pcDNA3 vector. miR-613 antisense oligonucleotides 
(ASO-miR-613) was used as the inhibitor of miR-
613 and ASO-NC was used as control. EGFP coding 
region from the pEGFP-N2 vector was cloned into 
pcDNA3. The fragment of the 3'-UTR of BDNF (wild-
type or mutant-type) was amplified and cloned into the 
pcDNA3-EGFP vector.

2.5. Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR)

Total RNA and miRNAs were isolated using Trizol 
reagent (Invitrogen) and mirVana miRNA isolation 
kit (Ambion, Austin, TX, USA). Then cDNA was 
obtained by using oligo-dT primers or stem-loop 
reverse transcriptase (RT) primers, respectively. β-actin 
and U6 were used as controls for BDNF and miR-613, 
respectively. PCR was performed under the following 
conditions: 94°C for 4 min followed by 40 cycles at 
94°C for 1 min, 56°C for 1 min and 72°C for 1 min. 
Relative expression levels of the genes were calculated 
using the 2-∆∆Ct method.

2.6. Western blot analysis

Total proteins in serum and CSF samples were 
extracted with protein lysis solution (Tiangen 
Biotech). Cell lysates were obtained with RIPA 
lysis buffer after transfection. Protein samples were 
separated by sodium dodecyl sulfate-polyacrylamide 
gel  e lectrophoresis  (SDS-PAGE),  t ransferred 
to nitrocellulose membranes and blocked with 
5% skimmed milk for 1 h at room temperature. 
The membranes were incubated with rabbit anti-
human monoclonal anti-BDNF antibody (1:500, 
Abcam, Cambridge, MA, USA) or antibody against 
glyceraldehyde phosphate dehydrogenase (GAPDH) 
overnight at 4°C. A goat anti-rabbit polyclonal IgG 
secondary antibody (1:1,000, Abcam) was added for 
incubation with the membrane at room temperature 
for 2 h. Protein expression level was assessed by 
enhanced chemiluminescence and exposure to film 
(Fujifilm, Tokyo, Japan). The relative expression was 
determined as the ratio to the GAPDH.

2.7. EGFP reporter assay

SH-SY5Y cells were plated in 24-well plates. Cells 
were transiently transfected with pcDNA3-pri-613, 
pcDNA, ASO-miR-613, ASO-NC and reporter vectors 
bearing either BDNF 3'-UTR wild-type or BDNF 3'-
UTR mutant-type. The RFP expression vector was 
used as the corresponding control. The intensity of 
fluorescence was detected with an F-4500 fluorescence 
spectrophotometer (Hitachi, Tokyo, Japan). EGFP 
fluorescence intensity was normalized to the RFP 
fluorescence intensity. 

373



www.biosciencetrends.com

BioScience Trends. 2016; 10(5):372-377.374

maybe related to the development of AD.

3.2. Expression levels of BDNF mRNA and protein were 
reduced in the serum, CSF-like fluid and hippocampus 
of transgenic mice

To further determine the crucial role of BDNF, we 
used APP/PS1 transgenic mice and also detected 
mRNA and protein levels of BDNF in the serum, CSF-
like fluid and hippocampus of the animal model. The 
results suggested that the relative mRNA and protein 
expression of BDNF were significantly decreased in 
3-, 6- and 9-month transgenic mice compared to the 
wild-type (WT) mice, respectively. Furthermore, the 
expression level of BDNF in the serum, CSF-like fluid 
and hippocampus of 6- and 9-month transgenic mice 
were much lower than that of the 3-month mice (Figure 
2).

3.3. Bioinformatics prediction

We used miRanda, Targetscan and PicTar to predict 
the miRNAs which may target BDNF. Combining the 
results from these three bioinformatics softwares, we 

2.8. Statistical analysis

Data are expressed as the mean ± standard deviation. 
A two-tailed Student's t-test was performed for group 
comparisons and p < 0.05 was considered to be 
statistically significant.

3. Results

3.1. BDNF mRNA and protein expression levels were 
decreased in the serum and CSF of patients with MCI 
and DAT

BDNF was reported to be associated with cognitive 
impairment, especially immediate memory (12). To 
explore the role of BDNF in the pathogenesis of AD, 
RT-qPCR and Western blot analysis were performed 
to detect the mRNA and protein expression levels of 
BDNF. The experimental groups were divided into the 
MCI (n = 32) and DAT (n = 48) groups, and healthy 
participants (n = 40), respectively. Data demonstrated 
that BDNF mRNA expression in the serum and CSF 
of MCI and DAT groups were significantly reduced 
compared to the control group (Figure 1A and 1B). 
Relatively, the expression levels of BDNF were much 
lower in the DAT group compared to the MCI group. 
Similarly, the protein expression of BDNF in serum 
and CSF were significantly decreased in the MCI and 
DAT groups compared to that in the control group. 
Moreover, the expression levels of BDNF protein were 
lower in the DAT group than in the MCI group (Figure 
1C and 1D). All of these findings suggest that BDNF 
mRNA and protein expression are reduced in the serum 
and CSF of patients with MCI and DAT and BDNF is 

Figure 1. Alterations of BDNF mRNA and protein levels 
in the serum and CSF of patients with MCI and DAT. RT-
qPCR was used to detect the mRNA expression of BDNF in 
the serum and CSF (A and B) and Western blot was used to 
detect the protein levels of BDNF (C and D). Compared to the 
control group, *p < 0.05 and **p < 0.01. The expression levels 
of control group were normalized to 1. MCI, mild cognitive 
impairment; DAT, dementia of Alzheimer's type.

Figure 2. BDNF mRNA and protein expression were 
reduced in the serum, CSF-like fluid, and hippocampus 
tissues of APP/PS1 transgenic mice. Expression levels of 
BDNF in the serum (A and B), CSF-like fluid (C and D), and 
hippocampus tissues (E and F) of mice. Compared to the WT 
group, *p < 0.05 and **p < 0.01. The expression levels of WT 
group were normalized to 1. WT, wild type mice; transgenic, 
transgenic mice.
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selected 12 miRNAs. Considering that miR-613 has 
never been determined as a regulator in AD, then miR-
613 was finally chosen for further study (Figure 3).

3.4. BMiR-613 directly targets the 3'-UTR of BDNF

To further determine whether or not miR-613 directly 
targets BDNF, an EGFP reporter analysis was 
performed. EGFP vectors bearing wild-type or mutant-
type BDNF 3'-UTR were transfected into SH-SY5Y 
cells when miR-613 was over-expressed or inhibited. 
As shown in Figure 4, over-expression of miR-613 

decreased the intensity with wild-type 3'-UTR by 
almost 61%. While the EGFP intensity with mutant-
type 3'-UTR was increased approximately 2.5-fold 
when miR-613 was inhibited (Figure 4A). However, 
the EGFP intensity with the mutant-type 3'-UTR was 
not affected when altering the expression level of miR-
613 (Figure 4B). These data indicate that miR-613 can 
directly target BDNF by binding to the 3'-UTR.
 We then explored whether or not miR-613 affects 
the expression of BDNF. RT-qPCR and Western blot 
analysis were examined and showed that miR-613 
significantly reduced the mRNA and protein expression 
by 55% and 67%, respectively. However, the expression 
levels of BDNF were increased by 3.5- and 4.2-fold 
when miR-613 was inhibited (Figure 4C and 4D). This 
finding suggests that miR-613 negatively regulates the 
expression of BDNF in SH-SY5Y cells.

3.5. Expression levels of miR-613 were increased in 
patients with MCI and DAT, and also in APP/PS1 
transgenic mice

Since miR-613 can directly target BDNF and down-
regulates its expression both at the mRNA and 

Figure 3. miR-613 could target the 3'-UTR of BDNF. The 
predicted sites of miR-613 binding to the 3'-UTR of BDNF 
are shown.

Figure 4. miR-613 could directly target BDNF and down-
regulate its mRNA and protein expression in SH-SY5Y 
cells. (A) EGFP analysis was performed to detect the intensity 
of the wild-type 3'-UTR of BDNF when miR-613 was over-
expressed or inhibited. (B) The intensity of the mutant-type 
3'-UTR of BDNF when the expression level of miR-613 was 
changed. (C) RT-qPCR analysis was used to detect the mRNA 
expression of BDNF when miR-613 expression was altered. 
(D) Western blot analysis was used to detect the protein 
expression level of BDNF. **p < 0.01. miR-613, pcDNA3-
pri-miR-613; ASO-miR-613, miR-613 inhibitor; WT, wild-
type; MT, mutant-type. pcDNA3 and ASO-NC groups are the 
corresponding controls. The mRNA and protein expression of 
BDNF in control groups were normalized to 1.

Figure 5. The expression level of miR-613 was significantly 
increased in the patients and animal models. (A and B) 
miR-613 expression level in the serum and CSF of patients 
with MCI and DAT. (C) miR-613 expression in the serum of 
transgenic mice and wild type mice. (D) The expression of 
miR-613 in the CSF-like fluid in animal models. (E) miR-613 
expression level in the hippocampus tissues in transgenic and 
wild-type mice. Compared to the corresponding controls, *p < 
0.05 and **p < 0.01.
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protein level, we then investigated whether or not the 
expression level of miR-613 was changed in patients 
or transgenic mice. Accordingly, RT-qPCR was used 
and showed that miR-613 expression levels were 
significantly increased in serum and CSF of patients 
with MCI and DAT compared to healthy individuals, 
respectively (Figure 5A and 5B). Moreover, miR-613 
mRNA expression was also remarkably increased in 
serum, CSF-like fluid, and hippocampus of APP/PS1 
transgenic mice compared to wild-type mice (Figure 
5C, 5D, and 5E).

4. Discussion

Accumulated evidence has shown that miRNAs are 
related to various diseases, including cancer, immune 
diseases, inflammation, and neurodegenerative diseases 
(13-16). Furthermore, numerous miRNAs have been 
determined to be associated with AD, such as miR-
512 (17), miR-29c (18), and miR-155 (19). miR-613 
is also reported to play a role in the pathogenesis and 
development of various cancers (20-22). However, 
there has been no data to suggest a link between miR-
613 and AD. In the present study, we first detected a 
significant increase of miR-613 in body fluid of patients 
with MCI and AD and also in APP/PS1 transgenic 
mice. We also determined that miR-613 directly targets 
the 3'-UTR of BDNF and down-regulates its mRNA 
and protein expression. 
 BDNF is one of the neurotrophic factors that 
support differentiation (23), maturation (24), and 
survival of neurons in the nervous system (25) and 
shows a neuroprotective effect. Previous studies have 
indicated that the level of BDNF was reduced in many 
neurodegenerative diseases, such as Huntington's 
disease (26), multiple sclerosis (27), and Parkinson's 
disease (28). In this research, we found that BDNF 
is also significantly decreased in the body fluid of 
patients and an animal model. Biomarkers, which are 
the objective indicators of biological and pathological 
processes, were utilized to assess the risk or prognosis 
of disease, to guide clinical diagnosis or to monitor the 
intervention effect. CSF is in direct contact with the 
extracellular space of the brain and can directly reflect 
biochemical changes. Therefore, CSF is the preferred 
source of AD biomarkers. Because the process of 
obtaining CSF is traumatic, serum is also suitable for 
study. We detected BDNF and miR-613 expression 
levels in serum and CSF both in patients with MCI and 
DAT and transgenic mice, and also in hippocampus of 
an animal model. Results showed significant alterations 
of BDNF and miR-613 expression. 
 Furthermore, we identified that miR-613 directly 
targets BDNF. This conclusion is based on several 
experimental results. First, EGFP reporter assay showed 
that miR-613 significantly decreased the fluorescence 
intensity of wild-type 3'-UTR of BDNF, while miR-613 

inhibitor increased the relative intensity of the 3'-UTR. 
However, the intensity of mutant-type 3'-UTR was not 
affected by alteration of miR-613 expression. Second, 
miR-613 decreased the expression of BDNF both at 
the mRNA and protein levels in SH-SY5Y cells. Third, 
both in body fluid of patients and the animal model, the 
expression of BDNF was negatively correlated to that 
of miR-613. 
 Moreover, we also found that the changes of BDNF 
and miR-613 were more obvious in patients with 
DAT than those with MCI. Meanwhile, the alteration 
of BDNF and miR-613 expression levels was more 
significant in 6- and 9-month transgenic mice than that 
in 3-month mice. These data suggested that BDNF and 
miR-613 may be related to the severity and progression 
of AD.
 In conclusion, the present results indicated that 
BDNF mRNA and protein expression levels were 
decreased in patients with AD and transgenic mice. miR-
613, which could directly target the 3'-UTR of BDNF, 
was inversely increased in patients and animal models. 
These findings demonstrated that miR-613 may be a 
new biomarker of AD pathogenesis and development, 
and may provide novel insights into the diagnosis and 
therapy of AD.
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1. Introduction

Hepatocellular carcinoma (HCC) is the most common 
neoplasms, accounting for approximately 90% of liver 
cancer, and liver cancer is currently the second leading 
cause of cancer-related death worldwide (1,2). The main 

risk factors for developing HCC are well-known and 
include cirrhosis, hepatitis B virus (HBV) or hepatitis 
C virus (HCV) infection, alcohol abuse, aflatoxin B1 
ingestion, and non-alcoholic steatohepatitis. Major 
pathways with frequent mutations in HCC include the 
telomere maintenance pathway, the cell cycle pathway, 
the WNT-β-catenin pathway, the epigenetic remodeling 
pathway, and the chromatin remodeling pathway (3-9). 
Despite progress in the diagnosis and treatment of HCC, 
its prognosis still remains unfavorable. The median 
survival rate for curative therapy remains approximately 
50% for 5 years. Recent studies have sought to ascertain 
the mechanisms underlying the initiation, propagation, 
and development of HCC in order to identify potential 
diagnostic biomarkers and therapeutic targets (10-13). 
Important work is to identify novel biomarkers for early 
diagnosis and evaluation of the prognosis of patients 
with HCC.

Summary Hepatocellular carcinoma (HCC) is the most common neoplasms. Little progress has been 
made in the diagnosis and treatment of HCC and its prognosis remains poor. Studies have 
increasingly found that long non-coding RNA (lncRNA) is involved in the regulation of the 
occurrence and development of HCC. To investigate the diagnostic and prognostic value of 
lncRNA in HCC, the current study examined 25 lncRNAs with differing levels of expression 
(according to the fold change) in microarray databases. Expression of LINC RP1130-1 was 
found to be markedly down-regulated in 51 HCC tissues compared to matching adjacent non-
tumor liver tissues. The pattern of expression and clinical significance of LINC RP1130-1 were 
examined in HCC. The area under the receiver operating characteristic (ROC) curve was 0.74 
for LINC RP1130-1. The expression of LINC RP1130-1 was associated with clinical stage, the 
number of tumors, portal vein tumor thrombus (PVTT), and microvascular invasion (MVI). 
More importantly, patients with a low level of LINC RP1130-1 expression had a shorter 
recurrence-free survival (RFS) (n = 51, p < 0.05) than those with a high level of LINC RP1130-
1 expression. Taken together, these findings indicate that a low level of LINC RP1130-1 
expression in patients with HCC may be a powerful tumor biomarker, with potential clinical 
use in diagnosing and predicting the prognosis for patients with HCC.
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 Long non-coding RNA (lncRNA) is RNA that 
is longer than 200 nucleotides in length and that 
does not code for proteins, although lncRNA can 
interact with proteins (14,15). lncRNA is not as well 
characterized as other small non-coding RNA such 
as microRNA, but lncRNAs play important roles 
in the regulation of a variety of cellular processes, 
including stem cell pluripotency, cell growth, cell 
proliferation, apoptosis, metabolism, and cancer cell 
migration(16-21). Functional lncRNA may be useful 
in cancer diagnosis and evaluation of prognosis and 
it may serve as a potential therapeutic target. Studies 
have reported that aberrant lncRNA expression affects 
tumor cell growth, apoptosis, invasion, and metastasis. 
The lncRNA MALAT1, a highly conserved LncRNA 
expressed in the nucleus, should allow prediction of 
lung cancer development, metastasis of prostate cancer, 
and presenting signs of esophageal squamous cell 
carcinoma (22-24). The lncRNA UCA1 plays a key role 
in human bladder cancer growth and tumorigenesis; 
UCA1may have crucial biological activity and it may 
serve as a new therapeutic target for bladder cancer (25). 
The lncRNA BANCR has been found to offer potential 
as a diagnostic marker of lung cancer (26), Zfas1 offers 
potential as a marker of breast cancer (27), and TUG1 
offers potential as a diagnostic marker of bladder cancer 
(28). In addition, the lncRNAs PVT1 (29), HULC (30), 
HEIH (31), ATB (32), DANCR (33), and LINC00152 
(34) have been found to be dys-regulated in conditions 
like HCC.
 The present study examined microarray data from 
human lncRNA in public databases. The datasets 
GSE55191 (www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE55191) and GSE58043 (www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GSE58043) were obtained 
to analyze differences in levels of lncRNA expression 
in HCC and paired non-tumor tissues. Twenty-five 
lncRNAs with differing levels of expression (according 
to the fold change) in the datasets were examined (Figure 
1A). The level of expression of these lncRNAs was 
determined in a normal human liver cell line LO2 and 
the HCC cell lines HepG2 and SMMC-7721 (Figure 
1B). Four 4 lncRNAs that varied the most in their fold 
change in the HepG2 and SMMC-7721 cell lines and the 
LO2 cell line were consistent with the results from the 
microarray. As shown in Figure 1B, lncRNA L12, L17, 
L18, and L24 exhibited an impressive fold change (﹥10-
fold). Expression of these lncRNAs was examined in 18 
paired adjacent non-cancerous hepatic tissues (Figure 
2). Results indicated that LINC RP1130-1 had the 
greatest difference in expression among the 4 lncRNAs. 
LINC RP1130-1 is located on gene RP11-30J20.1 
(ENSG00000254101), which is the source of numerous 
lncRNA transcripts. The correlation between levels of 
LINC RP1130-1 expression and clinicopathological 
characteristics and recurrence-free survival (RFS) was 
examined in patients with HCC to determine whether 

LINC RP1130-1 could be a useful diagnostic and 
prognostic indicator in HCC.

2. Materials and Methods

2.1. Clinical specimens and cell lines

Data on 51 consecutive patients (42 males and 9 females) 
who underwent surgery for HCC at Hospital 302 in 
Beijing between August 2013 and April 2016 were 
collected from the records of the hospital's Department 
of Hepatobiliary Surgery. None of the patients had 
received preoperative chemotherapy or radiation therapy. 
All HCC diagnoses were confirmed histopathologically 
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Figure 1. Twenty-five lncRNAs with differing levels of 
expression were identified from datasets (GSE55191 and 
GSE58043) and (A) the level of their expression in a normal 
human liver cell line (LO2) and HCC cell lines (HepG2 and 
SMMC-7721) and human HCC tissues was determined (B). 
L01-L25 respectively represent ASHG19A3A-012552, 018493, 
054627, 006377, 051778, 024516, 054629, 054311, 054103, 
053906, 015954, 040795, 014006, 021193, 025198, 033235, 
043138, 044877, 047009, 053783, 054945, 027421, 044247, 
029103, and 010811 in the datasets. "↓" represents 4 lncRNAs 
that were chosen to measure their level of expression. L12 
represents LINC RP1130-1 (a positive control) and CCAT1 
represents lncRNA CCAT1 (another positive control) that is 
reported to be consistently up-regulated in HCC cell lines. Gene 
numbers L17, L18, and L24 in the Ensembl database were 
respectively ENSG00000255723.1, ENSG00000251138.2, and 
ENSG00000269353.1.
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system (Applied Biosystems, Foster City, CA, USA) 
using Maxima SYBR Green qRT-PCR master mix 
(Thermo Fisher Scientific, Waltham, MA, USA) 
according to the manufacturers' protocols. GAPDH 
expression was monitored as the endogenous control, 
and all samples were normalized to human GAPDH. 
All reactions were run in triplicate, using LINC 
RP1130-1-specific primers designed and synthesized 
by Sangon Biotech (Sangon, Shanghai, China). 
Their sequences were as follows: LINC RP1130-1 
forward: 5'-ACCTCCCCACAAGCTGA-3', reverse: 
5 ' -  AACCGAATATTTGATGTCT-3 ' ;  GAPDH 
forward: 5'-CAGCCTCAAGATCATCAGCA-3' and 
reverse: 5'-TGTGGTCATGAGTCCTTCCA-3'. The 
amplification profile was 95˚C for 5 min, followed by 
40 cycles of denaturation at 95˚C for 15 s, and annealing 
at 60˚C for 30 s. The median of three reactions was 
used to calculate relative lncRNA expression (ΔCt = Ct 
median lncRNA - Ct median GAPDH). Fold changes in 
expression were calculated using the 2-ΔΔCt method.

2.3. Statistical Analysis

All experiments were performed in triplicate and 
repeated at least three times. Data are expressed as the 
mean ± S.D. Statistically significant differences between 
HCC tissues and adjacent non-tumor tissue samples 
were determined using the Wilcoxon signed-rank test, 
and differences between cell lines were determined 
using the Student's t test. A receiver operating 

by a clinical pathologist. Tumor tissues and adjacent 
non-tumor tissue specimens were collected from the 
patients after obtaining informed consent, in accordance 
with the institutional guidelines of the hospital's Ethics 
Committee. Resected tumor tissue and adjacent normal 
tissue specimens were immediately snap-frozen in 
liquid nitrogen and stored in a tissue bank until use. The 
experimental operators were blinded to the clinical data. 
The human cell lines used in this study were obtained 
from the Experimental Research Support Center of 
Hospital 302 in Beijing (Beijing, China) and included 
HepG2, LO2, Huh7, and SMMC-7721 cells. All of the 
cell lines were maintained in an atmosphere of 5% CO2 
and grown in DMEM medium (Thermo, Beijing, China) 
supplemented with 10% fetal bovine serum (Gibco, 
Beijing, China).

2.2. RNA preparation, reverse transcription, and 
quantitative real-time RT-PCR (qRT-PCR)

Total RNA from frozen HCC tissues and adjacent 
non-tumor tissue samples (n = 51) was extracted 
using TRIZOL reagent (Invitrogen Life Technologies, 
Carlsbad, CA, USA) according to the manufacturer's 
protocol. RNA integrity was evaluated using a 
NanoDrop ND-1000 spectrophotometer (NanoDrop 
Products, Wilmington, DE, USA), and cDNAs 
were synthesized from 50 ng of total RNA of each 
sample. Levels of LINC RP1130-1 expression were 
quantified with qRT-PCR performed on an ABI7500 

Figure 2. Relative expression of 4 lncRNAs in 18 HCC tissues and paired adjacent non-cancerous hepatic tissues. *: p < 0.05, 
***: p < 0.001.
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characteristic (ROC) curve was plotted to determine 
how well the level of LINC RP1130-1 expression 
differentiated between HCC tissues and adjacent non-
tumor tissues, and the cutoff value of 0.01 served as the 
level of expression sensitivity + specificity considered 
to be maximal. Associations between LINC RP1130-
1 expression and clinicopathological characteristics 
were analyzed using a chi-squared test. Kaplan-Meier 
analyses were performed on the correlations between 
levels of LINC RP1130-1 expression and RFS. All 
statistical analyses were performed using SPSS for 
Windows software (ver. 16.0; SPSS Inc., Chicago, IL, 
USA). p values < 0.05 were considered significant.

3. Results

3.1. The level of LINC RP1130-1 expression decreased in 
HCC relative to that in adjacent non-tumor tissues

To assess the potential clinical significance of LINC 
RP1130-1, its level of expression in both HCC tissues 
and adjacent non-tumor tissue specimens was analyzed 
with qRT-PCR. LINC RP1130-1 expression decreased 
significantly relative to that in adjacent non-tumor 

tissues (p < 0.001, Figure 3A, B, horizontal lines 
represent the median). LINC RP1130-1 expression was 
also examined with qRT-PCR in three HCC cell lines 
and the normal liver cell line. Results indicated that 
LINC RP1130-1 expression was lower in the HCC cell 
lines than in LO2 (p < 0.05, Figure 3C). ROC analysis 
was used to evaluate the ability of LINC RP1130-
1 expression to differentiate between the tumor and 
control samples. The total area under the curve (AUC, 
representing accuracy of differentiation) was 0.74 for 
LINC RP1130-1 (Figure 3D), suggesting that the level 
of LINC RP1130-1 level has adequate sensitivity and 
specificity to differentiate between HCC tissues and 
adjacent non-tumor tissues.

3.2. LINC RP1130-1 expression is correlated with clinical 
stage, the number of tumors, PVTT, liver cirrhosis, and 
microvascular invasion in patients with HCC

To determine whether LINC RP1130-1 expression in 
HCC tissues is associated with clinicopathological 
parameters, the clinical stage, the number of tumors, 
and the presence of microvascular invasion were 
examined in samples from patients with HCC. As 

Figure 3. Relative level of LINC RP1130-1 expression in patients with hepatocellular carcinoma (HCC). (A). Relatively lower 
levels of LINC RP1130-1 expression were detected in HCC tissues than in adjacent non-tumor tissues from patients. (B). Here, 
positive values for LINC RP1130-1 expression indicate a higher level of LINC RP1130-1 expression in tumor tissue than in non-
tumor tissue and negative values indicate a lower level of LINC RP1130-1 expression in tumor tissue than in non-tumor tissue. 
(C). The level of LINC RP1130-1 expression was lower in HCC cell lines than in LO2 (p < 0.05). (D). The area under the receiver 
operating characteristic (ROC) curve was 0.74, distinguishing HCC from adjacent normal tissues. *: p < 0.05
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shown in Figure 4A, the level of LINC RP1130-1 
expression was lower in tissue samples of clinical stage 
I and II HCC (p < 0.001) and clinical stage III and 
IV (p < 0.05) than in adjacent tissues. However, there 
was no significant difference in the level of expression 
in stage I, II, III, and IV. The level of LINC RP1130-
1 expression was also lower in patients with multiple 
tumors than in those with solitary tumors (Figure 4B). 
In addition, the level of LINC RP1130-1 expression 

differed markedly in patients with PVTT or MVI 
than in those without PVTT or MVI (Figure 4C, D). 
The level of LINC RP1130-1 expression also varied 
significantly in patients with liver cirrhosis and those 
without liver cirrhosis (Figure 4E). The level of LINC 
RP1130-1 expression in patients with PVTT, MVI, or 
cirrhosis was higher than that in patients without PVTT, 
MVI, or cirrhosis, but that level was still lower than the 
average level of expression in adjacent tissues.

Figure 4. LINC RP1130-1 expression is associated with clinical stage, the number of tumors, PVTT, microvascular invasion, 
and liver cirrhosis. (A) LINC RP1130-1 expression in patients with stage I, II, III, or IV HCC was lower than in adjacent tissues. (B) 
LINC RP1130-1 expression was significantly higher in solitary HCC compared to multiple HCC. (C) LINC RP1130-1 expression 
changed markedly in patients with PVTT compared to patients without PVTT. (D) LINC RP1130-1 expression in patients with 
microvascular invasion differed significantly from that in patients without microvascular invasion. (E) Levels of LINC RP1130-1 
expression in patients with liver cirrhosis were higher than those in patients without liver cirrhosis. 
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3.3. Relationship between LINC RP1130-1 expression 
and RFS in patients with HCC

Patients were divided into 2 groups, those with a 
level of LINC RP1130-1 expression below the 50th 
percentile who were classified as having lower LINC 
RP1130-1 levels (n = 26). Patients with a level of 
LINC RP1130-1 expression above the 50th percentile 
were classified as having higher LINC RP1130-

1 levels (n = 25). A second analysis yielded similar 
results, i.e. the level of LINC RP1130-1 expression 
was related to clinical stage, multiple tumors, and the 
presence of PVTT, MVI, or liver cirrhosis, but there 
was no significant correlation between LINC RP1130-
1 expression and other clinicopathological features, 
including age, gender, tumor size, histological grade, 
alcohol consumption, smoking status, hepatitis B virus 
(HBV), and recurrence (Table 1). However, Kaplan-
Meier analysis of the relationship between the level 
of LINC RP1130-1 expression and RFS indicated 
that patients with lower levels of LINC RP1130-1 
expression had a significantly shorter RFS than patients 
with higher levels of expression (p < 0.05) (Figure 5).

4. Discussion

This study noted dys-regulation of LINC RP1130-1 
in HCC tissues compared to matching adjacent non-
tumor tissues. Results indicated that LINC RP1130-
1 expression in HCC decreased significantly in both 
stage I and II (p < 0.0001) and in stage III and IV 
(p < 0.05). The AUC was 0.74 for LINC RP1130-1, 
indicating its specificity and sensitivity in the diagnosis 
of HCC, and patients with HCC and low levels of 
LINC RP1130-1 expression had a significantly shorter 
RFS (p = 0.047) than did patients with high levels of 
expression. Expression of LINC RP1130-1 differed 
significantly depending on the presence of PVTT or 
cirrhosis (p < 0.05), the number of tumors (p < 0.05), 
and microvascular invasion (p < 0.001). This suggests 
the prognostic value of LINC RP1130-1. Overall, 
LINC RP1130-1 may play an important role in the 
development and progression of HCC.
 Numerous studies have found that factors, including 
the stage of HCC, the presence of PVTT or cirrhosis, and 
the number of tumors, have considerable significance in 
tumor recurrence. MVI is a sign of the invasive nature 
of HCC and is the most important predictor of HCC 
recurrence after surgery. Angiogenesis in tumor tissues 

Table 1. Association between LINC RP1130-1 and clinic 
pathological characteristics of patients with HCCa

Parameters

Gender
     Male
     Female
Age (years)
     < 60
     ≥ 60
Tumor size (cm)
     <5 cm
     ≥5 cm
AFP
     < 20
     ≥ 20
Histological grade 
     Well/moderate
     Poorly
Clinical stage
     Ⅰ and Ⅱ
     Ⅲ and Ⅳ
Number of tumors
     Solitary
     Multiple
Alcohol consumption
     Yes
     No
Smoking status
     Yes
     No
HBV
     Yes
     No
Recurrence
     Yes
     No
PVTT
     Yes
     No
Microvascular invasion
     Yes
     No
Liver cirrhosis
     Absence
     Presence

Total

42
9

36
15

23
28

21
30

2
49

40
11

44
7

23
28

19
32

37
14

20
29

33
18

19
32

21
30

a: Table 1 summarizes the association between LINC RP1130-1 
expression and the clinic pathologic features of patients with HCC. 
A low level of LINC RP1130-1 expression was found to significantly 
correlate with clinical stage (p = 0.021), the number of tumors (p = 
0.048), PVTT (p = 0.014), liver cirrhosis (p = 0.035), and microvascular 
invasion (p < 0.001). However, LINC RP1130-1 expression was not 
significantly related to gender, age, tumor size, histological grade, 
alcohol consumption, smoking status, HBV, or recurrence (p ﹥ 0.05). 
The median level of LINC RP1130-1 expression served as the cutoff. *: 
p < 0.05, ***: p < 0.001.

Low

22
3

19
6

11
14

9
16

2
23

23
2

24
1

12
13

9
16

16
9

9
15

12
13

18
7

14
11

High

20
6

17
9

12
14

12
14

0
26

17
9

20
6

11
15

10
16

21
5

11
14

21
5

1
25

7
19

p value

0.3

0.406

0.877

0.461

0.141

0.021*

0.048*

0.683

0.856

0.180

0.644

0.014*

< 0.001***

0.035*

LINC RP1130-1
expression

Figure 5. Kaplan-Meier curves for recurrence-free 
survival (RFS) in patients with HCC and a low or high 
level of LINC RP1130-1 expression
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can lead to microvascular thrombus formation, which 
is a critical risk factor associated with intrahepatic 
metastasis of HCC. Recent studies have found that MVI 
is an independent risk factor for HCC recurrence and 
that microvascular thrombi tend to express different 
levels of lncRNA compared to tumor tissues. MVI 
has clinical significance in monitoring recurrence and 
guiding adjuvant therapy. Microvascular thrombi were 
difficult to detect in imaging tests and were always 
confirmed via a pathological examination after surgery. 
Thus, identifying a biomarker of MVI would greatly 
facilitate prediction of HCC recurrence. However, the 
current data indicated that levels of LINC RP1130-
1 expression in patients without PVTT or MVI were 
lower than those in patients with PVTT or MVI, which 
was contrary to expectations. Samples were selected 
randomly instead of pairing patients with certain 
clinical indicators, which may have caused an uneven 
distribution of samples with specific characteristics and 
thus account for this unexpected result. As an example, 
only 7 patients had multiple tumors while the rest had 
solitary tumors. That said, the extent of intratumor 
heterogeneity may also account for this result. A recent 
study has shown that different subtypes of tumor cells 
with unique expression profiles were distributed within 
the same tumor lesions and that this distribution may 
change depending on the progression of tumor (35). 
The size of the clinical sample should be increased in 
subsequent experiments in order to verify the level of 
LINC RP1130-1 expression, especially in patients with 
PVTT or MVI. However, the level of LINC RP1130-
1 expression consistently decreased in HCC, and it still 
should be able to serve as a potential biomarker of HCC.
 HCC develops frequently when fibrosis is in an 
advanced stage, so eradicating HBV or HCV infection 
is a promising prophylactic therapy to prevent the 
occurrence of liver fibrosis and HCC (36). Numerous 
lncRNAs have been found to participate in the 
development and progression of liver cancer, but few 
studies have reported on the role of lncRNAs in the 
process of cirrhosis. Human hepatic stellate cells (HSCs) 
are closely related to cirrhosis. A recent study has 
reported that more than 3,600 lncRNAs are expressed 
at different levels in HSCs and that 400 lncRNAs are 
specifically expressed in HSC (37), suggesting that 
lncRNAs may play a key role in the progression of 
cirrhosis. The lncRNA HULC was found to be up-
regulated in plasma samples from patients with HBV-
related cirrhosis (38). The current study indicated that 
LINC RP-1130 tends to be expressed at lower levels in 
patients with cirrhosis than patients without cirrhosis, 
suggesting that some LncRNA expression profiles may 
change in patients with HCC and cirrhosis.
 In conclusion, the current results are the first to 
indicate that LINC RP1130-1 levels were significantly 
lower in HCC tissues and that dysregulation of LINC 
RP1130-1 was correlated with PVTT and MVI in 

patients with HCC. Patients with HCC and low levels of 
LINC RP1130-1 expression had a significantly shorter 
RFS than did patients with high levels of expression. 
These findings indicate that LINC RP1130-1 may have 
potential as a diagnostic and prognostic biomarker for 
HCC.
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1. Introduction

The rhizome of  Dioscorea bulbi fera  Linn.  is 
traditionally used to treat thyroid disease and cancer 
in China (1). However, D. bulbifera can cause severe 
hepatotoxicity in clinical practice, which seriously 
limits the anti-tumor activity of this medicinal herb (2). 
Our previous studies demonstrated that intake of D. 
bulbifera could result in severe liver injury such as liver 
swelling, fatty degeneration, and even animal death (3-

5). Diosbulbin B (DB), a diterpene lactone, was isolated 
from D. bulbifera, and showed significant antitumor 
activity in our previous reported study (6). However, 
our previous studies also showed that DB was the main 
hepatotoxic compound in D. bulbifera, and it caused 
oxidative stress-associated liver injury (4,7).
 Ferulic acid (FA) is found in many Chinese medicinal 
herbs such as Angelica sinensis (Oliv) Diels (Angelica) 
and Ligusticum chuanxiong Hort. (Ligusticum) (8). FA 
exerts multiple biological activities such as antioxidant, 
and anti-inflammation (9,10) and it is known for 
treatment of Alzheimer's disease (11), cardiovascular 
disease (12), and cancer (13). In addition, FA is reported 
to have hepato-protective activity (14,15). Previous 
study in our lab has demonstrated that A. sinensis root 
prevented liver injury induced by D. bulbifera rhizome 
(16). As the main active compound in A. sinensis, we 
think that FA may prevent DB-induced liver injury 

Summary The rhizome of Dioscorea bulbifera Linn, traditionally used to treat thyroid disease 
and cancer in China, is reported to induce serious liver injury during clinical practice. 
Diosbulbin B (DB), a diterpene lactone, has been found to be the main toxic compound 
in D. bulbifera. The present study aims to investigate the protection of ferulic acid (FA) 
against DB-induced acute liver injury and its engaged mechanism. Mice were orally 
administered FA (20, 40, 80 mg/kg) once daily for 6 consecutive days; and then orally given 
DB (250 mg/kg) on the last day. Daily FA (40, 80 mg/kg) decreased DB (250 mg/kg)-induced 
increase in serum levels of alanine/aspartate aminotransferase (ALT/AST) and alkaline 
phosphatase (ALP). Histological evaluation showed that FA (80 mg/kg) ameliorated DB-
induced hepatocellular degeneration and lymphocyte infiltration. Results of terminal dUTP 
nick-end labeling (TUNEL) staining assay showed that FA (80 mg/kg) decreased the DB-
increased number of apoptotic hepatocytes. FA (40, 80 mg/kg) reduced DB-increased liver 
malondialdehyde (MDA) amount. FA (40, 80 mg/kg) decreased DB-increased serum levels 
of tumor necrosis factor alpha (TNF-α) and interferon-γ (IFN-γ), and liver myeloperoxidase 
(MPO) activity. FA (80 mg/kg) reversed the DB-induced decrease in expression of inhibitor 
of kappa B (IκB) and the increase in nuclear translocation of the p65 subunit of nuclear 
factor kappa B (NFκBp65). Taken together, our results demonstrate that FA prevents DB-
induced acute liver injury via inhibiting intrahepatic inflammation and liver apoptosis.
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in mice. In addition, our previous study has already 
demonstrated that FA attenuated DB-induced liver injury 
in S180 tumor-bearing mice and further augmented DB-
induced inhibition of tumor growth in vivo (17). The 
present study is designed to investigate protection by FA 
against acute liver injury induced by DB in mice and the 
potential underlying mechanism.

2. Materials and Methods

2.1. Drugs and reagents

DB (Figure1A) and FA (Figure 1B) were purchased from 
Shanghai Tauto Biotech Co., Ltd (Shanghai, China). 
Antibodies against inhibitor of kappa B (IκB), p65 
subunit of nuclear factor kappa B (NFκBp65) and β-actin 
were all purchased from Cell Signaling Technology 
(Danvers, MA, USA). Peroxidase-conjugated goat 
anti-Rabbit IgG (H+L) was purchased from Jackson 
ImmunoResearch (West Grove, PA, USA). Nitrocellulose 
membranes were purchased from Bio-Rad (Hercules, 
CA, USA). Enhanced chemiluminescence detection 
system was obtained from Millipore Corporation 
(Billerica, MA, USA). Nuclear/Cytosol fractionation 
Kit was obtained from BioVision (Palo Alto, CA, USA). 
Enzyme linked immunosorbent assay (ELISA) Kits for 
determining tumor necrosis factor alpha (TNF-α) and 
interferon-γ (IFN-γ) were purchased from RapidBio 
(West Hills, CA, USA). Kits for detecting the activity of 
alanine/aspartate aminotransferase (ALT/AST), alkaline 
phosphatase (ALP), myeloperoxidase (MPO) and 
malondialdehyde (MDA) were purchased from Nanjing 
Jiancheng Bioengineering Institute (Nanjing, China).

2.2. Experimental animals

Specific pathogen free male ICR mice (18-22 g body 
weight) were obtained from the Shanghai laboratory 
animal center of Chinese Academy of Sciences 
(Shanghai, China). Animals were fed a standard 
laboratory diet and given free access to tap water, kept 
in a controlled room temperature (22 ± 1°C), humidity 
(65 ± 5 %), and a 12:12-h light/dark cycle. All animals 
received humane care in compliance with the institutional 
animal care guidelines approved by the Experimental 
Animal Ethical Committee of Shanghai University of 
Traditional Chinese Medicine.

2.3. Treatment protocol

Mice were divided into 6 groups. Mice in group 1 were 
used as control group. Mice in group 2 were orally 
administered DB (250 mg/kg, suspended in 0.5% 
sodium carboxyl methyl cellulose (CMC-Na)) only 
once on the sixth day. Mice in groups 3-5 were orally 
given FA suspended in 0.5% CMC-Na (20, 40 or 80 
mg/kg per day) for six consecutive days, and DB was 

orally given two hours after the final administration of 
FA. Mice in group 6 were given FA only, suspended in 
0.5% CMC-Na (80 mg/kg per day), for six consecutive 
days. Twenty-four hours later after administration of 
DB, blood and liver samples were collected for further 
research (16-18). 

2.4. Assay for serum ALT, AST and ALP

The blood samples collected from all groups of mice 
were kept at room temperature to coagulate for 2 h. 
Serum was then isolated and transferred to new tubes 
after centrifugation at 840 × g for 15 min. Serum ALT, 
AST and ALP levels were detected with kits according 
to the manufacturer's instructions.

2.5. Histological observation

The liver tissues were soaked in 10 % formalin, and 
embedded in paraffin. Samples were cut into five 
micrometer sections and stained with hematoxylin-
eosin for further histological assessment of tissue 
damage.

2.6. TdT-mediated biotin–dUTP nick-end labelling 
(TUNEL) assay

For the detection of apoptosis, paraffin-embedded 
sections were stained with the TUNEL detection kit 
according to the manufacturer's protocol. The cells 
showing nuclear dark-brown staining were considered 
to be positive staining (apoptotic cells). The apoptotic 
hepatocytes were counted manually in at least nine 
randomly selected fields from each group using a light 
microscope at a magnification of ×200.

2.7. Analysis of MDA amount

MDA amount in liver was determined using an MDA 
detection kit according to the manufacturer's instructions. 
MDA amount is expressed as nmol/mg of protein.

2.8. ELISA analysis

Serum contents of TNF-α and IFN-γ were measured with 
ELISA kits according to the manufacturer's instructions.

2.9. Analysis of MPO activity

Liver MPO activity was determined using a MPO 
detection kit according to the manufacturer's instructions. 
MPO activity is expressed as units/g of protein.

2.10. Extracting cytosol and nuclear proteins

Cytosol and nuclear proteins were extracted according 
to the manufacturer's instructions. Protein concentration 
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compared with control. After treatment with FA (40, 80 
mg/kg), DB-induced an increase in serum levels of ALT, 
AST and ALP, which were all decreased (p < 0.05, p < 
0.01, p < 0.001). In addition, there were no significant 
differences in the serum levels of ALT, AST and ALP 
between control and FA (80 mg/kg)-treated mice (p > 
0.05).

3.2. Histological evaluation of liver

As compared to control, the liver from the mice treated 
with DB showed serious liver damage, indicated by 
hepatocellular degeneration and lymphocyte infiltration 
(Figure 2B). After treatment with FA (20, 40, 80 mg/
kg), all these phenomena were ameliorated (Figure 
2C, 2D, and 2E), and FA at 80 mg/kg was the most 
effective. Livers from control (Figure 2A) and FA 
(80 mg/kg)-treated (Figure 2F) mice showed normal 
histology.

3.3. FA alleviated DB-induced cell apoptosis

As shown in Figure 3A-a and 3A-b, there were 
an increased number of brown (TUNEL-positive) 
apoptotic hepatocytes in DB (250 mg/kg)-treated mice 
as compared with control. After treatment with FA (80 
mg/kg), the increased number of apoptotic cells was 
reduced (Figure 3A-c), but FA (80 mg/kg) alone had no 
effect on liver apoptosis. After counting the apoptotic 
hepatocytes, the results showed that FA (80 mg/kg) 
decreased the increased apoptotic hepatocytes induced 
by DB (p < 0.01) (Figure 3B).

3.4. FA decreased DB-induced increase of liver MDA 
amount

As shown in Figure 3C, DB increased liver amount of 
MDA (p < 0.01), whereas FA (40, 80 mg/kg) reduced 
the increased amount of MDA induced by DB (p < 0.01, 
p < 0.001).

3.5. FA reduced DB-induced increase in serum TNF-α 
and IFN-γ levels, and liver MPO activity

As shown in Figure 4A and 4B, DB increased serum 
levels of TNF-α and IFN-γ (p < 0.01, p < 0.001), 
whereas FA (20, 40, 80 mg/kg) reduced the increase 
in serum levels of TNF-α and IFN-γ induced by DB (p 
< 0.05, p < 0.01, p < 0.001). In addition, the results of 
Figure 4C showed that DB-induced increase in liver 
MPO activity was reduced in FA (40, 80 mg/kg)-treated 
mice (p < 0.05).

3.6. FA reversed DB-induced decrease in IκB expression 
and increase in NFκBp65 nuclear translocation

As shown in Figure 5A and 5C, FA (80 mg/kg) increased 

was determined and normalized to equal protein 
concentrations.

2.11. Western blot analysis

Liver tissue was homogenized in ice-cold lysis buffer 
containing 50 mM Tris (pH 7.5), 150 mM NaCl, 1 
mM EDTA, 20 mM NaF, 0.5% NP-40, 10% glycerol, 
1 mM phenylmethylsulfonyl fluoride, 10 g/mL 
aprotinin, 10 g/mL leupeptin, 10 g/mL pepstatin A. The 
homogenate was centrifuged at 10,000 g for 20 min 
at 4°C. The supernatant was transferred to new tubes 
and protein concentration was assayed and normalized 
to equal protein concentrations. Protein samples were 
separated by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and blots were incubated 
with primary and horseradish peroxidase (HRP)-
conjugated secondary antibodies. The protein bands 
were quantified by ratios of integral optic density (IOD) 
following normalization to β-actin, and the results were 
expressed as percentage of control.

2.12. Statistical analysis

All experimental data were expressed as means ± 
standard error (S.E.). Significant differences were 
determined by One-Way ANOVA. p < 0.05 was 
considered as statistically significant difference.

3. Results

3.1. FA decreased DB-induced increase in serum levels 
of ALT, AST and ALP

Shown in Figure 1C and 1D, DB (250 mg/kg) are 
increased serum levels of ALT, AST and ALP as 

Figure 1. FA decreased the increased serum levels of ALT, 
AST and ALP induced by DB. Chemical structure of DB 
(A) and FA (B); (C) ALT and AST; (D) ALP. Data are shown 
as means ± S.E. (n = 10). **p < 0.01, ***p < 0.001 versus 
control group, #p < 0.05, ##p < 0.01, ###p < 0.001 versus DB-
treated group. ALP, alkaline phosphatase; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; DB, 
Diosbulbin B; FA, Ferulic acid.
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Figure 2. Histological evaluation of liver. (a) Vehicle control; 
(b) DB (250 mg/kg); (c) DB (250 mg/kg) + FA (20 mg/kg); 
(d) DB (250 mg/kg) + FA (40 mg/kg); (e) DB (250 mg/kg) + 
FA (80 mg/kg), (f) FA (80 mg/kg). Liver sections were stained 
with hematoxylin-eosin (original magnification 100 ×). DB, 
Diosbulbin B; FA, Ferulic acid.

Figure 3. FA alleviated DB-induced liver apoptosis and DB-
increased liver MDA amount. (A) Apoptosis was determined 
by TUNEL staining assay. Typical images were chosen from 
each group. (a) Vehicle control, (b) DB (250 mg/kg), (c) DB 
(250 mg/kg) + FA (80 mg/kg), (d) FA (80 mg/kg). (original 
magnification 200 ×). (B) Data are shown as means ± S.E., (n 
= 4). *p < 0.05 versus control, ##p < 0.01 versus DB-treated 
group. (C) FA decreased the increased liver MDA amount 
induced by DB. Data are shown as means ± S.E., (n = 9-10). 
**p < 0.01 versus control, ##p < 0.01, ###p < 0.001 versus DB-
treated group. DB, Diosbulbin B; FA, Ferulic acid.

Figure 4. FA decreased DB-increased serum TNF-α and 
IFN-γ levels, and liver MPO activity. (A) Serum TNF-α; 
(B) Serum IFN-γ; (C) Liver MPO activity. Data are shown as 
means ± S.E., (n = 8-10). *p < 0.05, **p < 0.01, ***p < 0.001 
versus control, #p < 0.05, ##p < 0.01 versus DB-treated group. 
DB, Diosbulbin B.

Figure 5. FA reversed DB-induced the decreased IκB 
expression and increased NFκBp65 nuclear translocation. 
(A) The expression of IκB in cytoplasm; (B) The expression 
of cytosol and nuclear NFκBp65 protein; (C) Quantitative 
densitometric analysis of IκB protein; (D) Quantitative 
densitometric analysis of NFκBp65 protein. The bands were 
normalized to basal β-actin expression and the vehicle control 
is set as 100%. Data are shown as means ± S.E., (n = 3-4). **p 
< 0.01, ***p < 0.001 versus control, #p < 0.05, ###p < 0.001 
versus DB-treated group. DB, Diosbulbin B.
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the decreased expression of IκB protein induced by DB 
(p < 0.05). After treatment with DB (250 mg/kg), the 
nuclear expression of NFκBp65 protein was increased (p 
< 0.05) (Figure 5B and 5D). In contrast, FA (80 mg/kg) 
inhibited this increase of NFκBp65 protein in nucleus 
induced by DB (p < 0.01) (Figures 5B and 5D).

4. Discussion

The increased levels of serum ALT, AST and ALP are 
commonly used to indicate liver injury (19). Our results 
of ALT, AST and ALP analysis demonstrate that FA 
can prevent DB-induced liver injury. In addition, such 
protection is further evidenced by histological evaluation 
of liver. Previous reports demonstrate that FA can 
attenuate ischemia/reperfusion or carbon tetrachloride-
induced liver injury (14,15). Meanwhile, in our 
previous study, FA can not only ameliorate DB-induced 
liver injury in tumor-bearing mice, but also increase 
the anticancer effect of DB (17). The present study 
further evidenced the detoxification of FA against DB-
induced acute liver injury, and the present and previous 
studies indicate the potential value for development 
of the combined application of DB with FA for cancer 
treatment. 
 Apoptosis is the process of programmed cell death, 
which may occur in various organisms including 
liver (20). In situ detection of apoptosis by using 
TUNEL assay is a commonly used method to analyze 
the existence of apoptosis (21). Our present results 
demonstrate that DB can induce hepatocyte apoptosis, 
whereas FA can prevent DB-induced apoptosis in liver. 
Our previous studies have already demonstrated that DB 
and D. bulbifera induced oxidative liver injury (3,4,7), 
and the present study is the first report concerning DB-
induced liver apoptosis. 
 Oxidative stress plays an important role in drug-
induced liver injury (22). Reactive oxygen species (ROS) 
are very active and can react with lipid, and MDA is one 
of the main end products, thus MDA is often used as an 
indicator to assess oxidative injury (23). Our previous 
studies have already demonstrated that DB and D. 
bulbifera can induce oxidative liver injury (3,4,7). The 
present results demonstrate that FA can alleviate DB-
induced liver oxidative injury in vivo.
 TNF-α is a pro-inflammatory cytokine produced 
principally by activated macrophages, and previous 
reports demonstrated that TNF-α was involved in 
alcoholic hepatitis (24), and ischemia/reperfusion-
induced liver injury (25). IFN-γ is a cytokine that is 
critical for regulating innate and adaptive immunity, 
and it is also reported to be involved in various toxins-
induced liver injuries such as acetaminophen and carbon 
tetrachloride (26,27). MPO exists in neutrophils and 
its activity is generally used to assess the infiltration of 
neutrophils (28). The increased MPO activity is found 
in carbon tetrachloride, α-naphthylisothiocyanate, and 

trauma-hemorrhagic shock-induced liver injury (29-
31). The present study demonstrates that DB increases 
serum levels of TNF-α and IFN-γ, and elevates liver 
MPO activity, which indicates the occurrence of 
hepatic inflammation. Furthermore, FA can decrease 
those increased TNF-α, IFN-γ, and MPO activities, 
which suggests that FA can ameliorate DB-induced 
immunological liver injury.
 It is well known that transcription factor NFκB 
plays a critical role in regulating host immune and 
inflammatory responses (32,33). In un-stimulated cells, 
NFκB exists in cytoplasm associated with the inhibitory 
protein IκB (34). The predominant form of NFκB is a 
heterodimer composed of p50 and p65 (Rel A) subunits, 
and NFκB is activated in response to primary (viruses, 
bacteria, UV) or secondary (inflammatory cytokines) 
pathogenic stimuli (32,35). Stimulation induces the 
release of NFκB from IκB and translocation to the 
nucleus, where it binds to the DNA at specific κB sites, 
and thus initiates the expression of target genes such as 
TNF-α (36,37). Our results demonstrate that FA reverses 
DB-induced translocation of p65 into the nucleus and 
decreased expression of cytosol IκB. Those results 
suggest that FA attenuates DB-induced immunological 
liver injury via inhibiting NFκB activation. 
 In conclusion, the present study demonstrates that 
FA, the major compound in A. sinensis, can prevent 
DB-induced liver injury, which may contribute to the 
detoxification of A. sinensis against liver injury induced 
by D. bulbifera, and provides strong experimental 
evidence of potential combined application of A. 
sinensis and D. bulbifera in the clinic. In addition, the 
amelioration of FA against DB-induced immunological 
liver injury via inhibiting NFκB activation may be the 
main mechanism involved in the protection of FA against 
DB-induced acute liver injury.
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1. Introduction

Acquired multidrug resistance (MDR) has emerged 
as a major obstacle to effective chemotherapy (1). 
P-glycoprotein (P-gp) is encoded by multidrug 
resistance gene 1 (MDR1) and is a member of the ATP-
binding cassette (ABC) superfamily (2). High levels 
of P-gp expression have been linked to the efflux of 

chemotherapeutic drugs in cancer cells. Inhibition 
of P-gp-mediated drug efflux is an effective way to 
overcome cancer drug resistance (3). However, no agents 
targeting P-gp have been approved for clinical use (4). 
Therefore, agents to overcome drug resistance must be 
promptly identified in order to treat malignancies.
	 Acetyl-11-keto-β-boswellic	 acid	 (AKBA),	 a	
pentacyclic triterpene extracted from the fragrant gum 
resin of the Boswellia serrata tree, has been found 
to be effective against inflammatory diseases such 
as rheumatoid arthritis (5), ulcerative colitis (6), and 
trinitrobenzene sulphonic acid-induced colitis (7). 
Recently,	AKBA	was	reported	to	exhibit	antitumor	action	
in several human cell lines, including malignant glioma 
(8), colon cancer (9), prostate cancer (10), and leukemia 
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(11)	cell	 lines.	 In	addition,	AKBA	has	been	found	 to	
suppress	nuclear	factor-κB	and	STAT3-related	pathways	
(12,13).	However,	whether	AKBA	can	modulate	acquired	
MDR in tumors has yet to be determined.
 The current study examined the reversal of MDR in 
HCT-8/VCR	cells	by	AKBA.	HCT-8/VCR	is	a	human	
ileocecal adenocarcinoma cell line with vincristine-
induced	resistance.	The	ability	of	AKBA	to	reverse	MDR	
is evident in an increase in the intracellular accumulation 
of VCR and inhibition of the expression of P-gp. 
Therefore,	AKBA	might	be	a	potential	agent	to	reverse	
MDR in human ileocecal adenocarcinoma.

2. Materials and Methods

2.1. Drugs

AKBA	(Sigma-Aldrich,	St.	Louis,	USA)	was	dissolved	
in dimethylsulfoxide (DMSO, Sigma-Aldrich) at 20 
mM as a stock solution. Dilutions of all of the reagents 
were freshly prepared before each experiment.

2.2. Cell lines and cell culture

The human ileocecal adenocarcinoma cell line HCT-8 
and its MDR counterpart HCT-8/VCR were purchased 
from	Keygen	Biotech	(Nanjing,	China).	Cancer	cells	
were	maintained	 in	RPMI-1640	(GIBCO,	NY,	USA)	
supplemented with 10% (v/v) heat-inactivated fetal 
bovine serum (GIBCO) and penicillin-streptomycin 
(100	 IU/mL	 to	100	μg/mL)	at	37°C	 in	a	humidified	
atmosphere (5% CO2-95% air). Cells were harvested 
by brief incubation in trypsin 0.25% (w/v) and 0.53mM 
EDTA in PBS. HCT-8/VCR cells were maintained in 
a	complete	RPMI-1640	medium	containing	1	mg/mL	
of	vincristine	(VCR,	Wanle,	Shenzhen,	China)	at	37°C	
in a humidified atmosphere of 5% CO2. The cells were 
cultured for 2 weeks in drug-free medium prior to their 
use in experiments.

2.3. Determination of P-gp

P-gp expression was determined with a Western 
blot analysis as described elsewhere (14). A mouse 
monoclonal antibody against amino acids 1040-1280 
of MDR1 of human origin (sc-13131, Santa Cruz, CA, 
USA) was used to determine the expression of P-gp 
in HCT-8 and HCT-8/VCR cells. P-gp bands were 
quantified with densitometry using an electrophoresis 
image analysis system (FR980, Furi Science & 
Technology, China).

2.4. Assay of cytotoxicity and reversal of MDR

To	test	for	reversal	of	P-gp-mediated	MDR	by	AKBA,	
the	cytotoxicity	of	AKBA	to	HCT-8/VCR	and	HCT-8	
cells was first measured with an MTT assay (15). Briefly, 

HCT-8/VCR and HCT-8 cells (1 × 104/well) were seeded 
in 96-well plates. After incubation for 12 h, the cells 
were	treated	with	various	concentrations	of	AKBA	for	24	
h,	48	h,	and	72	h.	Cell	viability	was	assessed	by	adding	
20	μL	of	MTT	reagent	(5	mg/mL,	Sigma-Aldrich)	and	
incubating	cells	for	4	h.	Light	absorbance	of	the	solution	
was	measured	at	570	nm	on	a	plate	 reader	(TECAN,	
Austria).
	 The	reversal	of	MDR	by	AKBA	was	then	detected	
using the same method. Cells seeded in 96-well plates 
were treated with varying concentrations of VCR in the 
absence	or	presence	of	various	concentrations	of	AKBA	
(1.25	µM,	2.5	µM,	and	5	µM)	 for	72	h.	 IC50 values 
(the concentration resulting in 50% inhibition of cell 
growth) were calculated for VCR. The "fold reversal"of 
MDR (FR) was calculated by fitting data for ¼ the 
IC50 of VCR alone/the IC50 of VCR in the presence of 
AKBA.	Experiments	were	performed	in	triplicate	with	
three samples. Control cultures included an equivalent 
amount of DMSO (as the solvent control), which does 
not modulate the growth or drug sensitivity of these 
cells at the concentrations used in this study. In all of the 
experiments, verapamil (Wanle, Shenzhen, China) served 
as a positive control agent.

2.5. Annexin V/FITC and 7-AAD staining analysis

HCT-8/VCR and HCT-8 cells were seeded in 6-well 
plates (1.5 × 105 per well) and treated with VCR alone 
or	 treated	with	 a	 combination	of	AKBA	and	VCR	
for 24 h. Cells were harvested and washed with cold 
PBS. The cell surface phosphatidylserine in apoptotic 
cells was quantitatively estimated using Annexin V/
FITC	and	7-AAD	apoptosis	detection	kits	according	
to manufacturer's instructions (Becton Dickinson, CA, 
USA). Cell apoptosis was analyzed on a FACScan flow 
cytometry system (Becton Dickinson) (16). Experiments 
were performed in triplicate with three samples.

2.6. Rh123 accumulation

The	effect	of	AKBA	on	P-gp	activity	was	assessed	by	
measuring the intracellular accumulation of Rh123 (17). 
HCT-8/VCR cells were seeded into 96-well plates at 
a density of 1 × 104/well. Cells were pretreated with 
AKBA	(1.25	µM,	2.5	µM,	or	5	µM)	for	90	min	and	
were then incubated with 200 nM of Rh123 in culture 
medium	 in	 the	dark	at	37°C	 in	5%	CO2 for another 
90 min. The cells were washed twice with ice-cold 
PBS. The MFI associated with Rh123 was measured 
using a multilabel counter with excitation/emission 
wavelengths of 485/535 nm.

2.7.	Real-time RT-PCR for MDR1 mRNA detection

Real-time RT-PCR was performed to determine the 
level	of	 expression	of	MDR1	mRNA.	HCT-8/VCR	
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expression of P-gp in multidrug-resistant HCT-8/
VCR and parental HCT-8 cells (Figure 1A). Results 
indicated that drug-sensitive HCT-8 cells had markedly 
lower levels of P-gp when probed using an anti-P-gp 
monoclonal antibody, while drug-resistant HCT-8/VCR 
cells exhibited a stronger signal corresponding to P-gp 
(Figure 1B). These results indicated that HCT-8/VCR 
was an MDR cell line characterized by over-expression 
of P-gp.

3.2. Effects of AKBA on proliferation of HCT-8 and 
HCT-8/VCR cells

The	effects	of	AKBA	on	HCT-8/VCR	and	parental	HCT-
8 cell proliferation were examined. As shown in Figures 
2A	and	2B,	AKBA	at	concentrations	ranging	from	2.5	
μM	to	5	μM	weakly	inhibited	HCT-8/VCR	and	HCT-8	
cell	proliferation,	but	significant	differences	in	inhibition	
of cell proliferation were noted at higher concentrations 
(10	μM	to	60	μM).	Therefore,	lower	concentrations	of	
AKBA	(2.5	μM	to	5	μM)	were	selected	and	short	periods	
of incubation in were used in experiments to examine 
reversal of MDR.

3.3. Effects of AKBA on sensitivity to VCR

To	assess	 the	synergistic	effects	of	AKBA	on	VCR-
induced cytotoxicity, an MTT assay was performed 
first to determine the "fold reversal"of MDR in HCT-
8/VCR and HCT-8 cells. Incubation with VCR at 
concentrations	ranging	from	8	 to	256	μg/mL	weakly	
inhibited HCT-8/VCR cell proliferation, but HCT-8 
cells were sensitive to VCR at all concentrations. As 
shown in Table 1, VCR-induced cytotoxicity drastically 

cells were seeded in 6-well plates and treated with 
various	concentrations	of	AKBA	for	24	h.	Total	RNA	
was	extracted	using	the	RNAeasy	kit	according	to	the	
manufacturer's instructions (Sangon, Shanghai, China). 
RNA	quality	was	determined	based	on	the	ratio	of	A260/
A280	 (1.8-2).	The	concentration	of	 total	RNA	was	
measured by detecting absorbance at 260 nm (A260) 
(18). Then, reverse transcription (RT) was performed 
with	2	μg	of	extracted	RNA	using	the	First	Strand	cDNA	
Synthesis	Kit	(Toyobo,	Osaka,	Japan)	according	to	the	
supplied	protocol.	A	25-μL	mixture	for	PCR	included	
2×	SYBR	Green	real-time	PCR	Master	Mix	(Toyobo,	
Japan),	2	μg	of	 the	cDNA	 template,	 and	0.3	μM	of	
each	primer.	The	thermal	profile	of	the	reaction	was	as	
follows:	3	min	at	95°C,	followed	by	40	cycles	consisting	
of	20	s	at	95°C,	30	s	at	60°C,	and	30	s	at	70°C.	The	fold-
change	in	the	level	of	expression	of	MDR1	mRNA	was	
calculated using the 2−ΔΔCT method. Experiments were 
performed in triplicate with three samples.
 The following primers (Genecore Biotech, Guangzhou, 
China) were used for the specific amplification of MDR1 
(forward:	 5′-AGACATGACCAGGTATGCCTAT-3′	
and	reverse:	5′-AGCCTAT	CTCCTGTCGCATTA-3′).	
T h e  e x p r e s s i o n  o f  G A P D H  ( f o r w a r d : 
5′-GAGGGGCCATCCACAGTCTT-3′	 and	 reverse:	
5′-TTCATTGACCTCAACTACAT-3′)	 served	 as	 an	
internal control.

2.8. Western blot analysis

HCT-8/VCR cells were treated with 1.25 µM, 2.5 µM, or 
5	µM	AKBA	in	cell	growth	medium	for	48	h.	Cells	were	
harvested, lysed, and centrifuged as described previously. 
Supernatants were collected and protein concentration 
was determined using the Bradford assay (19). Samples 
containing 50 µg of protein were subjected to 10% 
SDS-PAGE and electro-transferred to nitrocellulose 
membranes that were blocked with 3% non-fat milk/0.1% 
Tween	20/TBS,	100	mM	NaCl	in	10	mM	Tris,	pH	7.5,	
incubated with anti-P-gp antibody (sc-13131, Santa 
Cruz, CA, USA) for 1 h at room temperature followed by 
horseradish-peroxidase-conjugated secondary antibody 
for another 1 h at room temperature. Protein bands were 
detected	with	ECL.

2.9. Statistical analysis

Data are expressed as the mean ± S.D. Data were 
analyzed using the Student's t-test. p-values below 0.05 
were	considered	to	be	statistically	significant.

3. Results

3.1. High levels of P-gp expression in the HCT-8/VCR 
cell line

Western blot analysis was used to determine the 

Figure 1. The expression of P-gp in HCT-8 and HCT-8/VCR 
cells. (A) Levels	of	P-gp	in	HCT-8	and	HCT-8/VCR	cells	were	
estimated using Western blot analysis. (B) P-gp bands were 
quantified using densitometry. Bars indicate the mean ± S.D. n 
= 3). **p < 0.01 compared to HCT-8 cells.
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increased and the IC50 of VCR in HCT-8/VCR cells 
decreased	 in	 the	 presence	 of	AKBA.	AKBA	 at	 a	
concentration	of	2.5	μM	had	a	"fold	reversal"of	MDR	
(FR)	of	8.20-fold	and	AKBA	at	a	concentration	of	5	μM	
had an FR of 9.19-fold.
	 The	 synergistic	 effects	of	AKBA	on	VCR	were	
also evident in the induction of apoptosis. As indicated 
by the flow cytometry results shown in Figure 2, 
annexin V-positive cells increased significantly with 
24	h	of	incubation	in	the	presence	of	VCR	and	AKBA	
compared	to	VCR	alone.	At	AKBA	concentrations	from	
2.5-5	μM,	 the	percentage	of	 apoptotic	HCT-8/VCR	

cells	 increased	from	7.24%	to	a	maximum	of	22.22%	
(Figures	3B-3D).	However,	2.5-5	μM	of	AKBA	alone	
had almost no effect on apoptosis of HCT-8/VCR cells. 
The percentage of apoptotic HCT-8/VCR cells was 
0.23% and 0.31% (Figures 3E and 3F).

3.4. Increased accumulation of Rh123

To	further	assess	the	role	of	AKBA	in	regulating	P-gp	
expression, the transport activity of P-gp was examined 
by measuring the intracellular accumulation of Rh-123. 
As	shown	in	Figure	4A,	 the	fluorescence	 intensity	of	
Rh-123 increased markedly in HCT-8/VCR cells treated 
with	AKBA	in	comparison	to	cells	in	the	control	group.	
The average Rh123 accumulation MFI in 1.25µM 
AKBA	group	was	1,627	±	82,	compared	to	536	±	26	in	
control group. Incubation of HCT-8/VCR cells with 2.5 
µM	of	AKBA	resulted	in	Rh123	accumulation	of	2,071	
±	67.	AKBA	at	a	concentration	of	5	µM	completely	
restored Rh123 accumulation in HCT-8/VCR cells, 
with an MFI 2,514 ± 92. The intracellular accumulation 
of Rh-123 increased significantly in the presence of 
AKBA	in	comparison	to	the	control	group	(Figure	4B,	
**p < 0.01).

3.5. AKBA decreased P-gp expression in HCT-8/VCR 
cells

Levels	of	P-gp	and	MDR1	mRNA	in	HCT-8/VCR	cells	
were also examined. As shown in Figure 5A, the level 
of	MDR1	mRNA	decreased	significantly	after	24	h	of	
treatment	with	AKBA	according	 to	RT-PCR.	Further	
examination indicated that the level of P-gp expression 
also	markedly	decreased	as	a	result	of	AKBA	and	was	
accompanied by a notable decrease in P-gp in HCT-
8/VCR	cells	 treated	with	2.5	μM	or	5	μM	of	AKBA	
(Figure 5B, ##p < 0.01).

4. Discussion

The development of resistance to chemotherapeutic 
agents remains a major challenge to chemotherapy 
to treat ileocecal adenocarcinoma. Chemotherapeutic 
agents such as vincristine sulphate, 5-fluorouracil, and 

Figure 2. Effects of P-gp on the proliferation of HCT-8 and 
HCT-8/VCR cells. HCT-8 (A) and HCT-8/VCR (B) cells were 
treated	with	various	concentrations	of	AKBA	for	24,	48,	 and	
72	h.	Viable	cell	numbers	were	evaluated	with	an	MTT	assay	
and were denoted as a percentage of untreated controls at the 
corresponding time point. Data are expressed as the mean ± S.D. 
from three independent experiments.

Table 1. Effects of AKBA on the sensitivity of HCT-8/VCR and HCT-8 cells to VCR

Treatment

VCR alone
VCR	+	5	μg/mL	of	verapamil
VCR	+	1.25	μM	of	AKBA
VCR+2.5	μM	of	AKBA
VCR+5	μM	of	AKBA

IC50	(μg/mL)	

99.2 ± 3.58
15.2 ± 1.34**

21.4 ± 0.89**

12.1	±	0.75**

10.8 ± 0.56**

FR

6.53
4.63
8.20
9.19

he	effects	of	AKBA	on	 the	sensitivity	of	HCT-8/VCR	cells	 to	VCR	were	examined	using	an	MTT	assay.	Cells	were	 treated	with	varying	
concentrations	of	VCR	in	 the	presence	of	AKBA	for	72	h.	 IC50 values for VCR were calculated and the "fold reversal" of MDR (FR) was 
compared. Data are the mean ± S.D. from three independent experiments. **p <0.01 vs. VCR alone, untreated group.

IC50	(μg/mL)	

18.66	±	1.97
15.37	±	1.25
15.89 ± 1.13
14.23	±	1.07
16.27	±	0.84

FR

1.21
1.17
1.31
1.15

HCT-8/VCR HCT-8
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capecitabine have been used in chemotherapy to treat 
ileocecal adenocarcinoma (20). However, cancer cells 
become resistant when these chemotherapeutic agents 
are used for a prolonged period. MDR has multiple 
causes, including (i) upregulation of drug efflux pumps 
(21), (ii) increased signaling via	AKT	(22), and (iii) 
decreased apoptosis (23,24). A key cause of MDR is 
enhanced	expression	of	drug	efflux	proteins	mediated	

by members of the superfamily of ABC transporters. 
Four	members	of	ABC	family	function	as	drug	efflux	
pumps: P-glycoprotein (P-gp/MDR1/ABCB1), 
multidrug resistance-associated protein 1 (MRP1/
ABCC1), breast cancer resistance protein (BCRP/
ABCG2),	and	lung	resistance	protein	(LRP)	(25). P-gp 
is known to interact with over 300 compounds and 
why it is able to achieve this has not yet been revealed 

Figure 3. Detection of apoptotic cells with flow cytometric analysis after Annexin V/7-AAD staining. HCT-8/VCR cells were 
exposed	to	VCR	and	increasing	concentrations	of	AKBA	for	24	h.	Cells	were	harvested	and	stained	with	AnnexinV/7-AAD.	(A) 
Vehicle control; (B)	VCR	20	μg/mL;	(C)	VCR	20	μg/mL	+	AKBA	2.5	μM;	(D)	VCR	20	μg/mL	+	AKBA	5	μM;	(E)	AKBA	2.5	
μM (F)	AKBA	5	μM.

Figure 4. Effect of AKBA on accumulation of Rhodamine 123 (Rh-123) in HCT-8/VCR cells. HCT-8/VCR cells were 
cultured	in	RPMI	1640	supplemented	with	200	nm	of	Rh-123	for	30	min	at	37°C.	At	the	end	of	incubation,	the	cells	were	washed	
twice with PBS to remove the free Rh-123 and kept in dye-free medium. (A)	The	fluorescence	intensity	of	Rhodamine	123	in	
cells was measured with FACS. (B)	Quantification	of	Rh-123	fluorescence	intensity.	Data	are	expressed	as	the	mean	±	S.D.	from	
three independent experiments. **p < 0.01 compared to the control group.
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(26). P-gp prevents the intracellular accumulation of 
anticancer	drugs	by	an	efflux	mechanism.	Furthermore,	
a range of agents have been developed to reverse the 
MDR phenotype and restore drug sensitivity to cancer 
cells (27). However, most agents to reverse MDR 
have proven to be intrinsically toxic or to decrease the 
pharmacokinetic effects of accompanying anticancer 
drugs (28). Therefore, new effective compounds 
that can increase the sensitivity of resistant cells to 
chemotherapeutic agents must quickly be identified.
 Previous studies by the current authors indicated 
that	orally	administered	AKBA	resulted	in	an	inhibition	
of intestinal tumorigenesis in APCMin/+	mice.	AKBA	
treatment	 significantly	 reduced	polyp	number	 and	
size and the degree of cytological dysplasia in the 
small intestine and colon (29). These effects might 
be	produced	by	 the	 inhibition	of	 the	Wnt/β-catenin	
and	NF-κB/cyclooxygenase-2	 signaling	pathways.	
Moreover,	numerous	studies	have	indicated	that	NF-κB	
plays a critical role in resistance to chemotherapeutic 
agents (30). Inhibition of the transcription activity of 
NF-κB	causes	a	decrease	in	the	anti-apoptotic	proteins	
Bcl-2	and	Bcl-(XL),	and	this	appears	to	be	a	synergistic	
effect.	Combining	NF-κB	inhibitors	with	conventional	
chemotherapeutics might overcome the drug resistance 
of cancer cells. In addition, previous Western blotting 
results	have	 indicated	a	decrease	 in	NF-κB-p65RelA	
and	its	active	form	p-NF-κB	Ser536	in	intestinal	polyps	
from	mice	treated	with	AKBA.	AKBA	reduced	levels	
of	NF-κB-p65RelA	by	51.8%	and	p-NF-κB	Ser536	by	
48.6% in the small intestine and colon. The inhibitory 
effect	 of	AKBA	on	COX-2,	 5-LO,	 and	TNF-α	 in	
intestinal polyps is also evident in Western blotting. 
Therefore,	 the	hypothesis	was	 that	AKBA	could	be	a	
potential agent to reverse MDR.
	 In	the	current	study,	AKBA	markedly	reversed	MDR	
in HCT-8/VCR, a human ileocecal adenocarcinoma cell 
line with vincristine-induced resistance, according to an 
MTT	assay	and	flow	cytometry.	AKBA	had	a	maximum	
FR of MDR of 9.19-fold. In addition, the reversal 
of	MDR	by	AKBA	was	 evident	 in	 an	 intracellular	
increase in Rh123, indicating that the activity of 
P-gp	was	blocked.	Furthermore,	AKBA	inhibited	 the	
expression of P-gp and decreased the levels of MDR1 
gene expression in HCT-8/VCR cells. These results 
indicated	 that	AKBA	might	be	a	potential	 agent	 to	
reverse MDR in human ileocecal adenocarcinoma. The 
mechanism	of	AKBA	as	a	P-gp	inhibitor	has	yet	to	be	
studied. In the current study, the inhibition of P-gp was 
evident both at the level of biosynthesis and also at 
the level of activity. Accumulating evidence suggests 
that P-gp, a member of the ATP-binding cassette 
superfamily, exports structurally diverse hydrophobic 
compounds from cells through a process driven by 
ATP hydrolysis (31). Efflux occurs depending on the 
energy produced by ATP hydrolysis when substrates 
bind	with	nucleotide-binding	domains	 (NBDs)	 (32). 

Figure 5. RT-PCR (A) and Western blot (B) analysis of 
P-gp in HCT-8/VCR cells after treatment with different 
concentrations of AKBA. Total cell proteins were separated 
with	10%	SDS-PAGE,	transferred	to	nitrocellulose	filters,	and	
incubated with anti-P-gp antibody. Immunoreactive proteins 
were	visualized	using	ECL.	Decreases	in	Mdr1	levels	(A) and 
P-gp expression (B) in HCT-8/VCR cells after treatment with 
different	concentrations	of	AKBA	were	detected.	HCT-8/VCR	
cells	were	 exposed	 to	AKBA	 for	 the	 indicated	 time.	Total	
RNA	or	 proteins	was	 extracted	 for	P-gp	or	MDR1	analysis.	
(A)	Decrease	in	MDR1	mRNA	in	HCT-8/VCR	cells	exposed	
to	AKBA	 for	 24	h.	Levels	 of	MDR1	mRNA	were	detected	
with a real-time PCR assay. Data are expressed as the mean 
± S.D. from three independent experiments. *p < 0.05, **p < 
0.01 compared to untreated controls. (B) Decrease in P-gp 
expression	 in	HCT-8/VCR	cells	exposed	 to	AKBA	for	48	h.	
Data are expressed as the mean ± S.D. from three independent 
experiments. #p < 0.05, ##p < 0.01 compared to the untreated 
controls.



www.biosciencetrends.com

BioScience Trends. 2016; 10(5):392-399.398

In	 the	 current	 study,	AKBA	probably	 blocked	 the	
activity of P-gp by inhibiting ATPase. That said, the 
exact regulatory mechanism is unclear and warrants 
further	 study.	Furthermore,	AKBA	has	been	studied	
for	its	inhibition	of	Wnt/β-catenin	signaling	pathways.	
Previous	studies	 found	 that	 the	Wnt/β-catenin	signal	
pathway was constitutively activated in cancer cells 
with doxorubicin-induced MDR. Specific knockdown 
of	β-catenin	by	RNAi-mediated	depletion	eliminated	
MDR1 transcription and expression, resulting in a 
complete reversal of P-gp-dependent efflux function 
and restoration of sensitivity to doxorubicin-induced 
cytotoxicity (33). Therefore, the suppression of Wnt/
β-catenin	signaling	by	AKBA	might	be	related	 to	 the	
inhibition of P-gp activity and function. However, the 
precise	mechanisms	by	which	AKBA	reverses	MDR	
need to be explored.
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spleen and bone marrow in ovariectomized mice
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1. Introduction

Postmenopausal osteoporosis (PMO) occurs after 5-7 
years of menopause. Estrogen deficiency is the primary 
reason for the rapid and sustained increase in the rate 
of bone loss. Estrogen replacement therapy (ERT) is a 
widely used therapy to treat PMO. Many studies have 

suggested that estrogen can act directly on bone cells, 
lymphocytes, and may influence bone metabolism 
through immunoregulatory and anti-inflammatory 
activities (1-6). In our previous study, we found 
estrogen enhances the function of CD4+CD25+Foxp3+ 
regulatory T cells (Tregs), which can suppress osteoclast 
differentiation and bone resorption in vitro (7). In the 
present study, estrogen was used as a positive control.
 Bu-Shen-Ning-Xin Decoction (BSNXD) is 
composed of traditional Chinese medicinal compounds 
that are used to treat women with PMO in clinical, and 
the  composition of prescription, the main effective 
components, function of BSNXD was introduced in 
Table 1 (8-18). We have done many researches on 
the effects of BSNXD on bone, previously (19,20). 
BSNXD ameliorated the osteoporotic phenotype of 
ovariectomized mice without affecting the serum 

Summary Osteoimmunology is a new discipline that focuses on the interaction between the bones and 
the immune system. Immune cells play an important role in bone metabolism. The aim of this 
study was to illustrate the effect of Bu-Shen-Ning-Xin Decoction (BSNXD) on lymphocytes 
in the spleen and bone marrow to explore the potential role on the bone. C57BL/6 mice were 
divided into four groups: sham, ovariectomized (OVX), OVX+BSNXD, and OVX+ estrogen. 
The sham and OVX groups were treated with saline, the OVX+BSNXD group was treated 
with BSNXD, and the OVX+ estrogen group was treated with estrogen. After mice were 
sacrificed, the spleens and bones were collected, and the lymphocytes in the spleen and bone 
marrow were analyzed. We found that BSNXD lessened the extent of the increase of CD4+ 
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estrogen concentration or uterus (21); BSNXD 
modulates mesenchymal stem cell differentiation into 
osteoblasts (22); BSNXD inhibits osteoclastogenesis 
by abrogating the RANKL-induced NFATc1 and NF-
κB signaling pathways through selective estrogen 
receptors (23); BSNXD suppresses osteoclastogenesis 
via increasing dehydroepiandrosterone to prevent 
postmenopausal osteoporosis (24). However, how 
BSNXD affects immune cells and whether immune cells 
participate in the effect of BSNXD on bone metabolism 
is still unclear.
 The interaction between immune cells and bone has 
attracted many attentions, and osteoimmunology is a 
new discipline that focuses on the influence of immune 
cells on bone cell function. In the previous work, though 
we have gotten some development on bone metabolism, 
but we know little about immune cells on the process 
of BSNXD treatment. Many immune cells were found 
can influence bone metabolism, for example, Receptor 

activator of NF-kB ligand (RANKL), a tumor necrosis 
factor (TNF) family member that is expressed on 
activated T cells, is one of the key differentiation and 
survival factors for osteoclasts and provides a potential 
link between normal immune responses and bone 
metabolism (25). In the present study, we detected the 
changes of T cells, regulatory T cells, B cells, and even 
innate immune cells, such as NK cells, γδ T cells, and 
monocytes to explore whether immune cells participate 
in the effect of BSNXD on bone metabolism.

2. Materials and Methods

2.1. Media and reagents

Fetal bovine serum (FBS) and phenol red-free minimum 
essential media (MEM) were purchased from Gibco 
(Grand Island, NY, USA). Minimum essential media and 
17-β-estradiol (E2) were purchased from Sigma-Aldrich 

401

Table 1. The composition of herbal formula Bu-Shen-Ning-Xin Decoction (BSNXD)

Pinyin Name

Gan di huang/
Sheng di huang

Zhi mu

Huang bo

Gou qi zi

Chang pu

Xian ling pi/
Yin yang huo

Suan zao ren

Bu gu zhi

Ze xie

Common name

Dried Rehmannia 
Root

Common
Anemarrhena
Rhizome

Bark of Chinese
Corktree

Barbary Wolfberry 
Fruit

R h i z o m a  A c o r i 
Tatarinowii

Shorthorned 
Epimedium

Spina Date Seed

Malaytea Scurfpea 
Fruit

Oriental 
Waterplantain 
Rhizome

Latin name

Radix Rehmanniae 
Exsiccata

Anemarrhena 
asphodeloides
Bunge

Phellodendron
amurense Rupr

Fructus Lycii barbari

Acorus tatarinowii

Epimedium
brevicornum Maxim 

Zi z iphus  ju juba 
Mill. var. spinosa

Psoralea corylifolia 
Linn.

Alisma plantago-
aquatica Linn

Content

15 g

15 g

  9 g

15 g

12 g

12 g

  9 g

12 g

12 g

Main constituents

iridoid glycosides,
monosaccharides, amino 
acids

x a n t h o n e s ,  s t e r o i d a l 
compound

berberine, jatrorrhizine, 
magnoflorine,
phellodendrine

carotenoids, flavonoids, 
polysaccharides

cal-amendiol, acorenone,
shyobunone, acorone,
acoragermacrone,
acolamone, isoacolamone

icariin, total flavonoids of 
epimedium (TFE)

jujuboside, betulinic acid, 
ascorbic acid 

volatile oil,  coumarin, 
flavones, monoterpene 
phenols, lipid compounds, 
resins, stigmasteroids

alisol, alisol A monoacetate, 
alisol B monoacetate, alisol 
C monoacetate, alismol, 
alismoxide

Biological activity 

Immune regulation, promoting adrenal cortex and 
sex glands functioning, stimulating bone marrow, 
enhancing blood coagulation process, improving 
kidney and heart functioning, diuresis, lowering 
blood pressure, inhibiting gastric secretions, anti-
tumor, inhibiting epithelial cell proliferation, 
anti-oxidative and anti-aging (8).

Resistant to microbial action, sympathetic ‒ 
adrenal function, fall blood sugar function, 
antipyretic, antitumor (9).

Antibacterial, antifungal, suppression of cough, 
lower blood pressure, trichomonad resistance, anti-
hepatitis, anti-ulcer, immunomodulatory (10).

Immunomodulatory, anti-oxidant, anti-stress, 
neuro-protective, anti-tumor, liver/eyes/male-
fertility/glycemia level and hyperlipidemia/blood 
pressure effects (11-13).

Antifungal, central nervous system/cardiovascular 
system/digestive system effects (14).

Sexual function/cardiovascular system/ immune 
function/respiratory system effect, anti-virus (15).

Sedative and hypnotic, radioprotective, protection 
from anoxia and reoxygenation damage, central 
nervous system, protective effects on cardiac 
cells, anti-neoplastic, enhancing immunity, 
protective against ischemic cerebral damages, 
tonify liver, sedative heart, restrain sweat, 
generate saliva (16).

Cardiovascular system/white blood cells/skin 
conditions effects, anti-cancer, estrogen-like 
effects (17).

Lipid- lowering, liver protection, cardiovascular/
diuretic/lipid metabolism effect (18).
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2.5. Regulatory T cell's separation and purification

Spleens were harvested from mice 6 to 8 weeks 
old, gently cut into small pieces and passed through 
cell strainers. Red blood cells were lysed. To purify 
CD4+CD25+ T cells, cells were labelled with magnetic-
activated cell sorting (MACS) beads by CD4 negative 
selection and CD25 positive selection. CD4+CD25+ 
T cells were selected on an LS column in a magnetic 
field, and flushed out by a plunger. The purity of the 
CD4+CD25+ T cells population varied from 90% to 95%.

2.6. Osteoclast culture and TRAP staining in vitro

Bone marrow-derived monocyte/macrophage precursor 
cells (BMMs) of 10-week-old mouse femurs were 
cultured in MEM without phenol red supplemented 
with FBS in the presence of 10 ng/mL M-CSF for 2 
days and then differentiated into osteoclasts using 50 
ng/ml RANKL and 10 ng/mL M-CSF for 3 days. 
 To estimate the effect of Tregs on osteoclastogenesis 
in vitro, the cells were exposed to BSNXD (10% serum) 
or estrogen (10-9 M) or solvent control with or without 
Tregs in presence of RANKL stimulation for 72 hours.
 Then, osteoclastogenesis was calculated by TRAP 
staining by means of the Leukocyte Acid Phosphatase 
Kit. TRAP-positive multinucleated cells (TRAP+ MNCs; 
more than five nuclei) were counted under microscope. 
Results from at least six independent experiments are 
shown.

2.7. Statistical analysis

All values are expressed as the mean ± standard error 
of the mean (S.E.M.). Data were analyzed by using 
SPSS and the variance was evaluated by using one-
way analyses of variance (ANOVA). p < 0.05 was 
considered statistically significant.

3. Results

3.1. BSNXD improves the proportion of T cells in the 
spleen of ovariectomized mice

Activated T cells participate in osteoclast maturation 
by secreting RANKL. In this study, we assessed the 
proportion of CD4+ and CD8+ T cell subsets. We found 
that both CD4+ and CD8+ T cells were increased in the 
OVX group, but the cells were both decreased in the 
OVX+BSNXD and OVX+ estrogen groups (p < 0.05, 
Figure 1).

3.2. BSNXD increases CTLA-4+ Tregs in the spleen of 
ovariectomized mice

Foxp3+ Tregs are a T cell subset that inhibits immune 
responses. We assessed the percentage of Foxp3+ and 

Co (Saint Louis, MO, USA). Flow cytometry antibodies 
fluorescein isothiocyanate (FITC)-conjugated anti-CD4, 
PE-conjugated anti-CD19/CD14/CD62L/B220/Foxp3/
anti-cytotoxic T lymphocyte antigen-4 (anti-CTLA-4), 
APC-conjugated anti-CD25, and their corresponding 
isotypes were obtained from eBioscience (San Diego, 
CA, USA). E2 and Leukocyte Acid Phosphatase Kit 
were purchased from Sigma-Aldrich Co (Saint Louis, 
MO, USA). Cell strainers were purchased from Becton 
Dickinson Labware, Franklin Lakes, NJ, USA). 
Regulatory T cell Isolation Kits were from Miltenyi 
Biotec (Bergisch Gladbach, Germany). The M-CSF was 
supplied by R&D Systems (Minneapolis, MN, USA), 
and RANKL was obtained from Peprotech (Rocky Hill, 
NJ, USA).

2.2. BSNXD and BSNXD serum preparation

BSNXD was obtained from the pharmacy of the Hospital 
of Obstetrics and Gynecology, Fudan University, 
Shanghai, China. BSNXD was formulated in accordance 
with traditional Chinese medicine theory and the clinical 
experience of the authors. BSNXD crude herbs were 
taken together, and then dissolved in double distilled 
water. BSNXD solution was intragastric administration 
to C57BL/6 mice, 7 days later, mice were sacrificed and 
heart blood was collected. Heart blood was solidification 
under the normal temperature for a half hour, and blood 
serum was collected for future use.

2.3. Mice

C57BL/6 mice (6-8 weeks) were purchased from the 
Laboratory Animal Facility of the Chinese Academy of 
Sciences (Shanghai, China). Housing and handling was 
in accordance with the guidelines of the Chinese Council 
for Animal Care. The mice were divided into 4 groups 
and treated by oral administration: sham group treated 
with saline (n = 15), OVX (ovariectomized) group 
treated with saline (n = 15), OVX+BSNXD group treated 
with BSNXD (total raw herbs 1 g/mL, n = 15), and 
OVX+ estrogen group treated with 17-β-estradiol (100 
μg/kg/day orally, n = 15). After 12 weeks, the spleens 
and bones were collected for flow cytometry analysis of 
splenocytes and cells in the bone marrow.

2.4. Flow cytometry analysis

Splenocytes and bone marrow cells (1 × 106) were 
incubated for 30 minutes on ice with the indicated 
antibodies, washed, and resuspended in PBS containing 
1% bovine serum albumin and 0.1% sodium azide. The 
non-specific signal was estimated by incubation with rat 
FITC- and PE-conjugated IgG isotype controls. Labeled 
cells were analyzed with a flow cytometer (Becton 
Dickinson, Palo Alto, CA, USA). Data are expressed as 
the percentage of positive cells.
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Figure 1. Proportion of T cells in the spleen of ovariectomized mice. (a) Flow cytometry of CD4+ and CD8+ T cells from each 
group. (b, c) Frequency of CD4+ and CD8+ T cells in mice as in a. *p < 0.05. Data are representative of at least three experiments.

Figure 2. Regulatory T cells in the OVX mice. (a) Expression of CD25 and Foxp3 on CD4+CD25+ T cells from each group. (b) 
Frequency of CD4+Foxp3+ T cells in mice as in a. (c) Expression of CD4 and CTLA-4 on CD4+CD25+ T cells from each group. 
(d) Frequency of CD4+ CTLA-4+ T cells in mice as in c. (e) Analysis of CD62L expression on CD4+ T cells from each group. (f) 
Frequency of CD4+ CD62L+ T cells in mice as in e. *p < 0.05. Data are representative of at least three experiments.



www.biosciencetrends.com

BioScience Trends. 2016; 10(5):400-409.404

CTLA-4+ Tregs. We found that Foxp3+ Tregs were 
decreased in the OVX group, but there was no change 
in the percentage of CTLA-4+ Tregs compared with the 
sham group. Compared with the OVX group, CTLA-4+ 
Tregs were increased, but Foxp3+ Tregs did not change 
in the OVX+BSNXD group (p < 0.05). Compared with 
the OVX group, both CTLA4+ and Foxp3+ Tregs were 
increased in the OVX+ estrogen group (p < 0.05, Figure 
2a, b, c, d).
 CD62L (L-selectin) is a cell adhesion molecule 
expressed on lymphocytes and acts as a "homing 
receptor". CD62L is also expressed on central memory 
T cells that have encountered antigen to enable them 
to localize to secondary lymphoid organs. Compared 
with the sham group, CD62L was decreased in the 
OVX group, while it was increased after treatment with 
BSNXD or estrogen (p < 0.05, Figure 2e, f).

3.3. BSNXD decreases the proportion of B cells in the 
spleen and bone marrow

B cells produce RANKL and OPG, which increases 
after T-cell stimulation, and they are the major source 
of OPG in the bone marrow (26). Compared with the 
sham group, both CD19+ and B220+ B cells in the 
spleen were increased in the OVX group, but the cells 
decreased after BSNXD and estrogen treatments (p < 
0.05, Figure 3a, b, e, f). The same phenomenon was 
found in the lymphocytes of the bone marrow; BSNXD 
and estrogen treatments lessened the extent of the 
increase by ovariectomy (p < 0.05, Figure 3c, d).

3.4. BSNXD has no effect on γδ T cells in the spleen and 
bone marrow

To analyze the influence of γδ T cells on the bone (27), 
we assessed the percentage of γδ T cells in the spleen. 
Compared with the sham group, splenic γδ T cells were 
decreased in the OVX group, but the percentage did 
not change in the OVX+BSNXD and OVX+ estrogen 
groups (p > 0.05, Figure 4a, b).

3.5. BSNXD increases NK cell numbers in the spleen 
and bone marrow

Natural killer (NK) cells are bone marrow-derived cells 
that play a crucial role in the immune defense against 
viral infections. NK cells trigger osteoclast apoptosis 
in a dose-dependent manner that results in decreased 
bone erosion (28). Compared with the sham group, 
the percentage of splenic NK cells decreased in the 
OVX group, but the percentage was increased in the 
OVX+BSNXD and OVX+ estrogen groups (p < 0.05, 
Figure 4c, d). Though there was no difference in the 
numbers of bone marrow lymphocytes in the sham and 
OVX groups, BSNXD and estrogen treatments increased 
the proportion of NK cells (p < 0.05, Figure 4e, f).

3.6. BSNXD decreases the proportion of mononuclear 
cells in the spleen and bone marrow

Osteoclasts originate from mononuclear cells and can 
be induced by M-CSF and RANKL. The proportion of 

Figure 3. Proportion of B cells in the spleen and bone marrow of OVX mice. (a) Expression of CD19 on lymphocytes from 
each group. (b) Frequency of CD19+ B cells in mice as in a. (c) Expression of CD19 on bone marrow lymphocytes from each group. 
(d) Frequency of CD19+ B cells in the bone marrow of mice as in c. (e) Expression of B220 on splenocytes from each group. (f) 
Frequency of B220+ B cells in mice as in e. *p < 0.05. Data are representative of at least three experiments.
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CD14+ cells was increased in the OVX group suggesting 
that there was an increase in osteoclast production. 
However, it was decreased in the OVX+BSNXD 
and OVX+ estrogen groups (p < 0.05, Figure 4g, h). 
Similarly, in the bone marrow, the proportion of CD14+ 
cells was decreased after BSNXD or estrogen treatments 
(p < 0.05, Figure 4i, j).

3.7. Tregs decreases osteoclastogenesis

In order to explore the role of Tregs on osteoclast 
differentiation, we cultured bone marrow monocytes 
with or without Tregs, and estrogen was also used as a 
positive control. Compared with control group, BSNXD 

serum (10%) and estrogen treatment decreased TRAP+ 
multinucleate cells (MNC), and there were less TRAP+ 
MNC when Tregs were added to cell culture system. (p 
< 0.05). There was no difference in osteoclastogenesis 
between BSNXD serum group and estrogen group (p > 
0.05, Figure 5).

4. Discussion

Immune cells participate in many physiological 
activities and their role on the bone has attracted much 
attention. In this study, we analyzed the changes of 
the percentage of immune cells in the spleen and bone 
marrow after BSNXD treatment using estrogen as 

Figure 4. Innate immune cells in the spleen and bone marrow of ovariectomized mice. (a) Analysis of the γδ TCR on 
lymphocytes from the spleen of each group. (b) Frequency of γδ T cells in mice as in a. (c) Analysis of CD3e and panNK on 
splenocytes from each group. (d) Frequency of CD3e+ panNK+ NK cells in mice as in c. (e) Analysis of CD3e and panNK on bone 
marrow lymphocytes from each group. (f) Frequency of CD3e+ panNK+ NK cells in the bone marrow of mice as in e. (g) Expression 
of CD14 on lymphocytes from the spleen of each group. (h) Frequency of CD14+ monocytes in mice as in g. (i) Expression of CD14 
on bone marrow lymphocytes from each group. (j) Frequency of CD14+ monocytes in the bone marrow of mice as in i. *p < 0.05. 
Data are representative of at least three experiments.
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the positive control. We found that both BSNXD and 
estrogen treatments affected the proportion of immune 
cells in vivo. 

4.1. The activation of CD4+ and CD8+ T cells and 
osteoporosis

T cells produce a number of mediators that influence 
osteoclast differentiation. Activated T cells produce factors, 
including RANKL, that strongly stimulate osteolysis, 
consistent with the association between inflammation 
and bone loss. However, T cells (particularly naive T 
cells) also mediate anti-osteoclastogenic activities. T cells 
can be divided into two major functional compartments: 
cytotoxic T cells (CTLs) that express CD8 and T helper 
cells that express CD4. Based on the importance of T 
cells on the bone, we assessed the proportion of T cells in 
the spleen. Lymphocytes express estrogen receptors, and 
in humans, estrogen loss is reported to cause a decline 
in T cell subsets. Conversely, ovariectomy increases 
T cell activation and TNF secretion in mice (29-32). 
In our study, we found that ovariectomy increased the 
proportion of T cells, and BSNXD treatment can reverse 
this effect. We found an increase in the proportion of 
CD8+ T cells in the OVX group, which is consistent with 
the status prior to surgery. Interestingly, Pietschmann et 
al. found that CD8+ T cells bearing markers suggestive 
of cell senescence are significantly increased in 
elderly patients with osteoporotic fractures (33). Some 
investigators focused on the CD4/CD8 T cell ratio, which 
is significantly higher in osteoporotic patients. The total 

lymphocyte and T cell counts are unchanged compared 
with controls, and young normal control subjects have 
CD4/CD8 ratios that are similar to the elderly non-
osteoporotic subjects (34). 

4.2. Protection of Tregs on bone

Tregs suppress immune responses to maintain immune 
homeostasis and tolerance towards self-antigens (35). 
Tregs reduce joint destruction in an arthritis model 
by elevating the production of osteoclast-inhibiting 
cytokines. Tregs directly inhibit osteoclast formation 
through the transmembrane protein CTLA-4. Further 
studies on CTLA-4 activity can help explain the direct 
influence of Tregs on osteoclasts (36). In the present 
study, ovariectomy induced a decrease in CTLA-4+ 
Tregs. However, after BSNXD and estrogen treatments, 
CTLA-4+ Tregs were increased, suggesting a potential 
inhibitory role of BSNXD and estrogen on osteoclast 
maturation. Foxp3 is the transcriptional factor for 
Tregs and many studies have been conducted on the 
interaction between Foxp3+ Tregs and the bone (37,38). 
In this study, we found that estrogen increased the 
numbers of Foxp3+ Tregs. In contrast, BSNXD had no 
effect on the numbers of Foxp3+ Tregs, suggesting that 
BSNXD and estrogen act through different pathways.
 CD62L retains cells in the lymph nodes and its 
downregulation facilitates the emigration of effector 
T cells. In this present study, ovariectomy induced 
a decrease in CD62L. However, BSNXD treatment 
increased CD62L, suggesting that T cell activation 
was inhibited, which is consistent with the data shown 
in Figure 1. BSNXD inhibited T cell activation by 
increasing the proportion of CTLA-4+ Tregs.

4.3. The controversial role of B cells on bone

Ovariectomy, which causes significant bone loss, 
increases B220+ pre-B cell numbers, and estrogen 
deficiency is associated with an increase in bone 
marrow B220+ B cells, which is not found in humans 
(39). In fact, in human males made hypogonadal and 
selectively replaced with either estrogen or testosterone, 
estrogen is associated with an increase in the percentage 
of bone marrow CD19+ B cells (40-43). In our study, we 
found that ovariectomy induced an increase in CD19+ 
and B220+ B cells, but BSNXD treatment decreased B 
cell numbers in the BSNXD+OVX group. Though, the 
influence of B cells on the bone is controversial, their 
abundance in the bone marrow suggests they have some 
influence on the bone mass.

4.4. The participation of γδ T cells, NK cells, and 
monocytes on bone metabolism

The T cell-derived proinflammatory cytokines tumor 
necrosis factor (TNF)-α and interleukin (IL)-17 trigger 

Figure 5. Effect of Tregs on osteoclast differentiation. 
CD4+CD25+ regulatory T cells were collected through magnetic 
cell sorting (MACS) by CD4 negative selection and CD25 
positive selection and then added to the bone marrow monocyte 
monoculture system with or without BSNXD serum/estrogen. 
3days later, osteoclastogenesis was calcuated by TRAP 
staining. Brown: osteoclast. *p < 0.05,  Data are representative 
of at least three experiments.



www.biosciencetrends.com

BioScience Trends. 2016; 10(5):400-409. 407

bone erosion by increasing the stimulation of osteoclast 
formation and activity. Recent studies in animal models 
of rheumatoid arthritis (RA) have implicated that γδ T 
cells are the major producers of pathogenic IL-17, and 
activated γδ T cells inhibit osteoclast differentiation 
and resorptive activity in vitro (27). Though we found 
a decrease in γδ T cells in the OVX group, we did 
not observe a change after BSNXD and estrogen 
treatments. 
 Activated NK cells are present in inflammatory sites 
associated with enhanced bone erosion. NK cells may 
participate in inducing apoptosis of osteoclasts that 
have matured and attached to the bone, which decreases 
bone resorption (44-46). Osteoclast precursors are 
derived from multipotent precursors of the monocyte-
macrophage lineage (47,48). BSNXD and estrogen 
treatments increased the proportion of NK cells and 
monocytes in the OVX group. 

4.5. The difference between BSNXD and estrogen

In the present study, we compared BSNXD with 
estrogen, and we found they are similar in most of 
effects on immune cells, but there are also some 
differences. The most interesting thing is the difference 
on the expression of Foxp3, CTLA-4 in Treg cells, 
of which BSNXD increases CTLA-4 expression, but 
estrogen increases the Foxp3 expression, suggesting 
a different modulation on regulatory T cells. In vitro 
experiment, Tregs decreased osteoclastogenesis, 
especially in BSNXD serum and estrogen group. 
In previous research, we also found there are some 
differences between BSNXD and estrogen on the effect 
of regulating mesenchymal stem cell differentiation: 
BSNXD increases MSCs differentiation to osteoblast 
and decreases  MSCs differentiation to adipocyte; while, 
estrogen increases MSCs differentiation to osteoblast 
without affecting adipocyte differentiation (49).

5. Conclusion

In conclusion,  the present  s tudy showed that 
BSNXD regulates the proportion of immune cells 
in the spleen and bone marrow. Regulatory T cells 
participate in the process of bone protecting. These 
findings place osteoimmunology in a position of 
unique clinical significance. BSNXD plays a different 
role from estrogen on immune cells to regulate the 
bone metabolism of OVX mice. The link between 
ovariectomy-induced bone loss and the change in the 
proportion of immune cells remains to be clarified.
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Tao-Hong-Si-Wu Decoction ameliorates steroid-induced avascular 
necrosis of the femoral head by regulating the HIF-1α pathway 
and cell apoptosis
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1. Introduction

Steroid-induced avascular necrosis of the femoral head 
(SANFH) is an aseptic and ischemic condition that 
may result from long-term use of glucocorticoids. This 
condition is primarily characterized by the necrosis of 
bone marrow and trabecular bones (1). As suggested by 
a Chinese epidemiologic study, SANFH accounts for 
approximately 24.1% of all cases of osteonecrosis of 
the femoral head (ONFH) (2). Thus far, the mechanism 
underlying SANFH has not been not clear (3), but 

the general consensus is that several pathways may 
interrupt the bone microcirculation process and affect 
the supply of essential nutrients. As a result, deaths 
of both osteocytes and fat cells may occur, resulting 
in further damage to bone structures (4). As SANFH 
progresses, bone collapse and osteoarthritis may also 
occur, and patients are likely to experience intolerable 
pain and ankylosis (4,5). SANFH affects patients with 
the condition directly and it also has a long-term impact 
on the health care system (6). An estimated four out of 
five patients may experience femoral head collapse if 
osteonecrosis occurs due to inappropriate treatment (1).
 Most approaches used to preserve the joint focus 
on preventing collapse primarily by supporting the 
underlying subchondral bone (7) and there is debate 
as to whether these approaches are effective over the 
long term (8). Since a large proportion of patients with 
SANFH are adolescents who usually need additional 
surgery, identifying molecular and genetic pathways 
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that are associated with SANFH may assist clinicians to 
determine the optimal timing of surgery and to devise 
preventive interventions for articular surface collapse (4).
 Hypoxia-inducible factors (HIFs) are a class of 
DNA-binding transcription factors that is able to 
activate a series of hypoxia-related genes under certain 
circumstances and trigger an adaptive response in 
order to decrease oxygen tension. Researchers have 
identified approximately 100 HIFs, including vascular 
endothelial growth factor (VEGF), hemexygenase-1, and 
glucose transporter protein-1 (9). As previous studies 
have suggested, VEGF promotes the development 
of new blood vessels and activated VEGF stimulates 
angiogenesis, erythropoiesis, and cell proliferation and 
survival (10,11). Furthermore, Riddle et al. reported 
that VEGF plays significant roles in angiogenic-
osteogenic coupling in the process of osteanagenesis as 
a target of HIF-1α (12). A study by Li et al. found that 
deferoxamine stimulates angiogenesis and bone repair 
in SANFH by up-regulating the expression of HIF-1α 
(8). All of these findings indicate that activated HIF-
1α pathways have positive effects on angiogenesis, 
osteanagenesis, and cell protection. Therefore, HIF-1α 
pathways could presumably be targeted in patients with 
SANFH. Caspase-3 is an apoptosis-related protein that 
may cleave cellular substrates and lead to apoptosis (13). 
Recent studies have suggested that the pathophysiology 
of SANFH is likely to be associated with the apoptosis 
of osteoblasts and osteocytes, which is mediated by 
nitric oxide (NO) (14,15). In addition, Weinstein et al. 
noted the marked apoptosis of osteocytes in specimens 
obtained from patients with SANFH (16). 
 Tao-Hong-Si-Wu Decoction (THSWD) is a 
traditional Chinese medication that consists of four 
basic herbs: Radix Rehmanniae Praeparata (shu di 
huang), Radix Angelicae Sinensis (dang gui), Rhizoma 
Ligustici (Chuan xiong), and Radix Paeoniae Alba (bai 
shao). THSWD also contains two additional ingredients, 
Semen Prunus and Flos Carthami Tinctorii. A wide range 
of benefits of THSWD have been identified since its 
introduction, including stimulation of blood circulation, 
neuroprotection, and facilitation of angiogenesis (17-19). 
A combination of a recombinant tissue-type plasminogen 
activator and THSWD resulted in a decreased infarct 
size, it stimulated cerebral blood circulation, and it 
enhanced neuron function in patients who had suffered a 
cerebral embolic stroke (20). THSWD has been used to 
treat rabbits in a model of SANFH, resulting in reduced 
blood viscosity, increased regeneration of local micro-
vessels, improved local blood supply, and facilitation 
of the recovery of the necrotic femoral head (21,22). 
THSWD appears to be closely associated with regulation 
of HIF-1α, and HIF-1α is reported to prevent the 
occurrence of SANFH (1,23). However, few systematic 
studies have consolidated the aforementioned findings, 
and whether THSWD affects SANFH via the HIF-1α 
signaling pathway is still debated.

 The current study sought to explore the effects of 
THSWD in a model of SANFH by detecting the level 
of VEGF expression and clarifying the role of the HIF-
1α pathway. This study also detected the rate of cell 
apoptosis and it examined the level of expression of the 
apoptosis-related proteins caspase-3 and Bcl-2 in order to 
determine whether THSWD influences cell apoptosis in 
a model of SANFH. This study represents an intriguing 
approach that links HIF-1α to SANFH and it also reveals 
potential clues to managing patients with SANFH in 
clinical practice.

2. Materials and Methods

2.1. Lentivirus transduction and creation of a model of 
SANFH

A fragment containing HIF-1α was cloned into a 
pCDH vector. This vector was, together with other 
packaging plasmids, co-transfected into cells using the 
Lipofectamine LTX kit (Invitrogen, CA), and the viral 
particles therein were collected 48 h after transfection.
 A total of 48 healthy New Zealand rabbits weighing 
between 2.0 and 2.5 kg were housed at the Experimental 
Animal Center of The First People's Hospital of 
Lianyungang at a temperature of 25 ± 3°C and all rabbits 
were fed normally. All experimental protocols were 
approved by the Medical Animal Studies Committee of 
The First People's Hospital of Lianyungang, China.
 Rabbits ate and drank freely with a normal 12 h-light 
and 12 h-dark cycle. After rabbits were given an initial 
adaptation period of seven days, they were randomly 
divided into 4 groups: a SANFH group (n = 12), a 
THSWD group (n = 12), a vector group (n =12), and an 
HIF-1α group (n = 12). Rabbits in the SANFH group 
were injected with horse serum (Sigma, USA) via the 
ear vein at a dose of 10 mg/kg. After 3 weeks, horse 
serum was injected again via the ear vein at a decreased 
dose of 6 mg/kg. After 2 weeks, methylprednisolone 
(Sigma) was injected into rabbits intraperitoneally at a 
daily dose of 45 mg/kg for 3 consecutive days. Penicillin 
was also injected intraperitoneally accompanied with 
the injection of hormones in order to prevent infection. 
Rabbits in the THSWD group were gavaged with 
THSWD at a concentration of 0.75 g/mL, 20 μg/g once 
a day in addition to receiving the same treatment as 
the SANFH group. Rabbits in the vector group were 
injected with Lentivirus, and an empty vector (5.5 ×1011 
vp/mL, 25 μL per side) was injected into the collapsed 
portion of the femoral head in addition to receiving the 
same treatment as the SANFH group. Rabbits in the 
HIF-1α group were injected with Lentivirus, and an 
HIF-1α fragment (5.5 × 1011 vp/mL, 25 μL per side) was 
injected into the collapsed portion of the femoral head in 
addition to receiving the same treatment as the SANFH 
group.
 No rabbits died during creation of the model and 
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ligated. One tube used to infuse ink was inserted into 
the distal abdominal aorta and another tube for drainage 
was inserted into the inferior vena. Heparinized saline 
(25,000 units in 250 mL 0.9% sodium chloride) was 
used to wash the inferior vena, and then the abdominal 
aorta was infused with 10% gelatin/Indian ink (20 g 
gelatin in 100 mL Indian ink and 100 mL water) using 
a pressure of 90 mmHg. The above procedures were 
continued until the toes and lower legs were uniformly 
black. Samples were harvested and stained using HE. 
The ratio of perfusion was calculated with the software 
Image-Pro Plus 6.0 (Media Cybernetics, Silver Spring, 
MD), and the ratio of perfusion was defined as the area 
of the inked artery with respect to the area of the entire 
artery.

2.5. Quantification of microvessel density (MVD)

MVD was used to determine the state of angiogenesis, 
which was quantified by IHC with anti-CD31 antibody 
as previous described (24). A single endothelial cell 
or endothelial cell cluster that was clearly separated 
from adjacent microvessels was considered to be a 
microvessel.

2.6. Transferase-mediated dUTP nick end labeling 
(TUNEL) assay

A TUNEL detection kit (Promega, China) was used 
to evaluate apoptosis according to the manufacturer's 
instructions. Cells that were colored brown or that 
contained brown-yellow nuclei or brown-yellow 
granules in their cytoplasm were classified as TUNEL-
positive cells. TUNEL-positive cells were observed 
under a fluorescent microscope (Nikon, Japan) at 200×. 
The corresponding rate of apoptosis was calculated as 
the number of TUNEL-positive cells divided by the 
total number of cells. Calculations were obtained by 
three independent researchers.

2.7. Statistical analysis

All statistical analysis was performed with the software 
SPSS 21.0 (Chicago, USA). Continuous data are 
expressed as the mean ± standard deviation (S.D.). A t-test 
or one-way analysis of variance (ANOVA) was used 
to compare groups and a p-value of less than 0.05 was 
considered to indicate statistical significance.

SANFH was verified using hematoxylin and eosin (HE) 
staining. Rabbits in each group were sacrificed after 
eight weeks and their femoral heads were examined 
using both RT-PCR and immunohistochemical analysis.

2.2. Immunohistochemistry (IHC)

IHC was performed to detect the expression of HIF-
1α, VEGF, caspase-3, and bcl-2 proteins. IHC was 
performed in triplicate for each sample and femoral head 
tissues in the NC control group served as controls. All 
tissue samples were incubated with primary antibodies 
against HIF-1α (1:500), VEGF (1:400), caspase-3 
(1:500), and bcl-2 (1:500) overnight at 4°C and then 
incubated with a secondary antibody biotinylated with 
goat anti-mouse IgG (1:900) for 30 minutes. Phosphate 
buffer saline (PBS) solutions served as the negative 
controls in order to replace the primary antibodies and 
all antibodies were purchased from Santa Cruz. Six 
random fields were chosen for each sample (× 200) in 
order to record the number of positive cells. Another 10 
random fields were then chosen and positive staining 
was determined based on the integrated optical density 
(IOD). IHC results were analyzed by two independent 
researchers using the software Image-Pro Plus 6.0.

2.3. RNA isolation and RT-PCR

Total RNA from tissues was isolated using the TRIzol 
reagent (Invitrogen, Germany) according to the 
manufacturer's instructions. The ReverTra Ace qPCR 
RT Kit (Toyobo, Japan) was used to transcribe total 
RNA into cDNA, and RT-PCR was performed with the 
THUNDERBIRD SYBR® qPCR Mix (Toyobo, Japan) 
using the CFX96 Touch Real-Time PCR Detection 
System (Bio-Rad). The corresponding primer sequences 
are listed in Table 1. The level of expression of the 
target gene was normalized to that of β-actin and was 
calculated using the 2-∆∆CT method. The corresponding 
experiment was replicated three times.

2.4. Intra-artery ink perfusion

Intra-artery ink perfusion assay was performed to 
visualize and assess the blood supply in the femoral 
head of rats. Rats were intraperitoneally administered 
pentobarbital sodium and then the inferior vena cava 
and abdominal aorta were immediately exposed and 

Table 1. HIF-1α, VEGF, and β-actin primers for RT-PCR

Gene

HIF-1α
VEGF
β-actin

Forward

5'-GCTTGCTCATCAGTTGCC-3'
5'-TGCACCCACGACAGAAGGGGA-3'
5'-CCCATTGAACACGGCATT-3'

Reverse

5'-GCCTTCATTTCATCTTCAATATCC-3'
5'-TCACCGCCTTGGCTTGTCACAT-3'
5'-GGTACGACCAGAGGCATACA-3'

HIF-1α: Hypoxia-inducible factor 1α; VEGF: vascular endothelial growth factor; RT-PCR: reverse transcription-polymerase chain reaction.

Length

706 bp
360 bp
250 bp
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3. Results

3.1. THSWD and HIF-1α played protective roles in the 
process of SANFH

As shown in Figure 1A-E, rats in the SANFH and 
vector groups displayed obvious osteonecrosis, which 
was evident as pyknosis and empty lacunae in bone 
cells. The ratio of empty lacunae in the THSWD and 
HIF-1α groups was significantly lower than that in the 
SANFH and vector groups (p < 0.05). In addition, the 
cellular structure of some fat cells collapsed, whereas 
the diameter of fat cells in the THSWD and HIF-1α 
groups was significantly smaller than the diameter of 
those cells in the SANFH and vector groups (p < 0.05, 
Figure 1F-J).

3.2. THSWD promoted HIF-1α and VEGF expression in 
femoral head tissues

Levels of HIF-1α and VEGF expression were measured 
using IHC and RT-PCR in order to assess whether 
THSWD was able to affect the HIF-1α pathway. As 
suggested by the eight-week IHC analysis (Figure 2), 
the HIF-1α group exhibited higher levels of HIF-1α and 
VEGF expression than the other groups. The THSWD 
group had increased levels of HIF-1α and VEGF 
expression in comparison to the SANFH and vector 
groups (p < 0.05). Similarly, RT-PCR results indicated 
that the level of expression of HIF-1α mRNA in the 
THSWD and HIF-1α groups was markedly higher than 
that in the SANFH and vector groups (p < 0.05; Figure 
3A). A similar trend in VEGF expression is shown in 

Figure 1. Histopathological observations (200×). Empty lacunae were observed in the SANFH group (A), THSWD group (B), 
vector group (C), and HIF-1α group (D). Comparison of the ratio of empty lacunae among the four groups (E). The diameter of 
fat cells was measured in the marrow of the SANFH group (F), THSWD group (G), vector group (H), and HIF-1α group (I). 
Comparison of the diameter of fat cells among the four groups (J). SANFH: avascular necrosis of the femoral head, THSWD: Tao 
-Hong-Si-Wu Decoction. Data are presented as the mean ± S.D. *p < 0.05 vs. the SANFH group, #p < 0.05 vs. the THSWD group, 
○p < 0.05 vs. the vector group.

Figure 2. Immunohistochemical staining of HIF-1α and VEGF (200×). Immunohistochemical staining of HIF-1α in the SANFH 
group (A), THSWD group (B), vector group (C), and HIF-1α group (D). Semi-quantitative analysis of HIF-1α in the four groups 
(E). Immunohistochemical staining of VEGF in the SANFH group (F), THSWD group (G), vector group (H), and HIF-1α group (I). 
Semi-quantitative analysis of VEGF in the four groups (J). Data are presented as the mean ± S.D. *p < 0.05 vs. the SANFH group, 
#p < 0.05 vs. the THSWD group, ○p < 0.05 vs. the vector group.
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Figure 3B (p < 0.05). Therefore, results indicated that 
the HIF-1α pathway is regulated by THSWD.

3.3. Angiogenesis was regulated by THSWD and HIF-1α

The results of intra-arterial ink perfusion are shown in 
Figure 4. Few capillaries that formed a sparse network 

were identified in the medullary cavity of rats in the 
SANFH and vector groups. The perfusion ratios in the 
THSWD and HIF-1α groups were significantly higher 
than those in the SANFH and vector groups (p < 0.05). 
MVD is shown in Figure 5, indicating immunostaining 
for CD31. Both the THSWD and HIF-1α groups 
exhibited significantly larger numbers of microvessels 
in subchondral bone in comparison to the SANFH and 
vector groups (p < 0.05).

3.4. THSWD inhibited the apoptosis of osteocytes, 
chondrocytes, and bone marrow cells

The average rate of apoptosis in the four groups was 
calculated once the corresponding treatment had been 
administered for eight weeks. Apoptosis of osteocytes, 
chondrocytes, and bone marrow cells was examined. As 
shown in Figure 6, the number of TUNEL-positive cells 
in the THSWD and HIF-1α groups was significantly 
lower than the number of those cells in the SANFH and 
vector groups (p < 0.05). These findings suggested that 

Figure 4. Results of intra-arterial ink perfusion in the SANFH group (A), THSWD group (B), vector group (C), and HIF-1α 
group (D), and a comparison of the perfusion ratio among the four groups (200×). Data are presented as the mean ± S.D. *p < 
0.05 vs. the SANFH group, #p < 0.05 vs. the THSWD group, ○p < 0.05 vs. the vector group.

Figure 5. Immunohistochemical staining using antibodies against CD31 in the SANFH group (A), THSWD group (B), 
vector group (C), and HIF-1α group (D) and a comparison of microvessel density among the four groups (200×). Data are 
presented as the mean ± S.D. *p < 0.05 vs. the SANFH group, #p < 0.05 vs. the THSWD group, ○p < 0.05 vs. the vector group

Figure 6. The apoptosis of osteocytes, chondrocytes, and bone marrow cells in the SANFH group (A), THSWD group (B), 
vector group (C), and HIF-1α group (D) was determined with a TUNEL assay, and the quantitative results were analyzed 
(200×). Data are presented as the mean ± S.D. *p < 0.05 vs. the SANFH group, #p < 0.05 vs. the THSWD group, ○p < 0.05 vs. the 
vector group.

Figure 3. Levels of expression of HIF-1α (A) and VEGF (B) 
mRNA were measured in femoral head tissues using RT-
PCR. Data are presented as the mean ± S.D. *p < 0.05 vs. the 
SANFH group, #p < 0.05 vs. the THSWD group, ○p < 0.05 vs. 
the vector group.
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both THSWD and HIF-1α can suppress early apoptosis 
in steroid-associated osteonecrosis.

3.5. THSWD inhibited caspase-3 expression and 
induced bcl-2 expression in femoral head tissues

IHC was performed to assess the levels of expression 
of apoptosis-related proteins such as caspase-3 and 
bcl-2 in femoral head tissues. Figure 7A-E shows 
that immunoreactivity to caspase-3 was weak in 
the THSWD and HIF-1α groups but significantly 
stronger in the SANFH and vector groups (p < 0.05). 
The THSWD and HIF-1α groups exhibited strong 
immunoreactivity to bcl-2 while the SANFH and vector 
groups exhibited relatively weak immunoreactivity (p 
< 0.05, Figure 7F-J). Therefore, THSWD and HIF-1α 
were able to suppress the progression of SANFH by 
influencing the expression of apoptosis-related proteins.

4. Discussion

SANFH is a condition often found in young and middle-
aged populations, and excessive or long-term usage 
of steroids accounts for most cases of SANFH (25). 
Steroid hormones regulate the metabolism of sugar, 
fat, and proteins and also affect oxidative stress, cell 
proliferation, and apoptosis (26). The current study 
attempted to establish a link between THSWD and HIF-
1α/VEGF pathways in order to clarify whether THSWD 
is able to regulate the apoptosis of bone cells.
 Although the mechanisms SANFH are unclear, the 
consensus view is that the final result of SANFH is 
an interruption of bone microcirculation (27), mainly 
through disruption of angiogenesis and limiting of the 
penetration of new vessels into necrotic bone (1). Regular 
angiogenesis is thus crucial to ameliorating SANFH, 

since angiogenesis is closely correlated with increased 
circulation of oxygen and nutrients in bone tissues 
(28). HIF-1α is a key regulatory factor that restores the 
intracellular oxygen concentration, and HIF-1α has been 
found to play a critical role in manipulating angiogenesis 
in stem cells (29). The significance of HIF-1α is also 
evident from the fact that administration of ethyl 
3,4-dihudroxybenzoate (EDHB) deters the progression 
of SANFH because it inhibits the functioning of HIF 
prolyl hydroxylase and it stabilizes HIF-1α expression 
(1,30,31). A target gene of HIF-1α, VEGF, also plays a 
major role in encouraging the angiogenesis-osteogenesis 
coupling process (32-34). VEGF improves angiogenesis 
by activating a variety of signal pathways. One such 
pathway is the MEK/ERK pathway, which is crucial to 
the proliferation of endothelial cells (35). 
 In addition, steroids may accelerate osteonecrosis by 
facilitating the apoptosis of osteoblasts and osteocytes, 
thereby partially contributing to bone cell death 
(14,36-38). Bcl-2 and caspase-3 are typical apoptosis-
related factors. Bcl-2 was found to be up-regulated and 
caspase-3 was found to be down-regulated during the 
development of SANFH (39). Intriguingly, HIF-1α 
appears to regulate numerous pro-apoptotic proteins (e.g. 
BNIP3 and NOXA) and anti-apoptotic proteins (e.g. 
Bcl-2, Bcl-xl and Bid) as well (40,41). Since the HIF-
1α signaling pathway has been found to be involved in 
regulation of the morphology/function of bone cells and 
osteoblasts (42), HIF-1α presumably plays a major role 
in the progression of SANFH.
 THSWD was first described in the traditional Chinese 
medical text "YiZongJinJian" (The Golden Mirror of 
Medical Orthodoxy). In response to the negative effects 
of SANFH, THSWD excels at limiting the aggregation 
of platelets, increasing blood viscosity, and altering 
blood stasis (43,44). Three components of THSWD, i.e. 

Figure 7. Immunohistochemical staining of caspase-3 and bcl-2 (200×). Immunohistochemical staining of caspase-3 in the 
SANFH group (A), THSWD group (B), vector group (C), and HIF-1α group (D). Semi-quantitative analysis of caspase-3 in the 
four groups (E). Immunohistochemical staining of bcl-2 in the SANFH group (F), THSWD group (G), vector group (H), and 
HIF-1α group (I). Semi-quantitative analysis of bcl-2 in the four groups (J). Data are presented as the mean ± S.D. *p < 0.05 vs. 
SANFH group, #p < 0.05 vs. THSWD group, ○p < 0.05 vs. vector group.
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danggui, chuan xiong, and bai shao, have been found to 
improve microcirculation and to facilitate microvessel 
regeneration. These effects are specifically evident in the 
form of increased blood/plasma viscosity, repair/limited 
aggregation of blood cells, and a decrease in plasma 
fibrinogen levels (45). THSWD is adept at restoring a 
necrotic femoral head, and this restoration starts at the 
interface between the necrotic bone and normal bone. 
The new bone tissues that form cover the surface of 
necrotic bone trabeculae and thereby form a dense mass. 
Fibrous granulation tissues form within this mass and 
bone resorption spreads to the necrotic portion of bone. 
Despite restoration reaching a certain stage, collapse 
of the femoral head can occur because of poor blood 
circulation (46). A key potential action of THSWD is 
that it may improve blood flow in microcirculation, and 
this action has been enhanced by modifying both HIF-1α 
and TNF-α (23). These contentions ultimately imply that 
THSWD might promote osteogenesis and angiogenesis 
by elevating HIF-1α.
 The current study used the traditional Chinese 
medicine THSWD to specifically treat SANFH, and this 
study filled a gap in research with solid evidence that 
THSWD molecularly modified HIF/VEGF signaling to 
ameliorate symptoms of SANFH. Moreover, this study 
lifted the mysterious veil surrounding traditional Chinese 
medicine and it suggested that THSWD is beneficial to 
patients with SANFH by facilitating angiogenesis and 
suppressing cell apoptosis. These findings suggest that 
certain molecules within THSWD might play a crucial 
role in alleviation of micro-circulatory disturbances, and 
extraction of these molecules should be the next priority. 
The extracts can be concentrated and made into pills, 
since pills would be a convenient and highly efficient 
form of administration. 
 In conclusion, levels of HIF-1α and VEGF expression 
were elevated when THSWD was given. THSWD 
inhibited the apoptosis of bone cells and the transference 
of HIF-1α in order to regulate the transcription of 
VEGF. These findings suggest that THSWD might 
ameliorate SANFH by regulating HIF-1α signaling and 
inhibiting the apoptosis of bone cells. Nevertheless, these 
conclusions should be investigated further in clinical 
trials in order to justify use of THSWD as an effective 
treatment for SANFH.
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1. Introduction

In China, non-governmental organizations (NGOs) have 
played an irreplaceable role in HIV/AIDS prevention 
and control. They act as service providers and are 
involved in education, service delivery, and provision of 
other services (1,2). There are two main types of NGOs 

in China, namely, actual NGOs and "government-
organized" NGOs (GONGOs). Actual NGOs are 
organizations created at the grassroots level and tend to 
be small, lack capacity, and lack political and financial 
resources. GONGOs are government sponsored and 
tend to be large, with more professional staff, and a 
bureaucratic structure; examples of GONGOs include 
the Family Planning Associations, Women's Federation, 
Red Cross, Youth League, trade unions, and various 
academic associations (3). Recognized as an important 
social force to promote health (4-6), NGOs have 
increasingly filled a positive and significant role in the 
response to AIDS (7-9). Specifically, their flexibility 
and favor among HIV/AIDS patients has made them a 
more accessible provider for HIV/AIDS services, and 
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has helped the Chinese government meet their demands 
(10). Despite their active involvement, many challenges 
lay ahead for the future development of NGOs. HIV/
AIDS-related NGOs face challenges in terms of human, 
financial, and technical resources (11). An absence of 
good relationships among members of an organization 
and a lack of external resources have threatened the 
development of NGOs and diminished their successful 
response to HIV/AIDS (12,13).
 Understood as "features of a social organization, 
such as networks, norms, and trust, that facilitate 
coordination and cooperation for mutual benefit" (14), 
social capital can be an individual or a collective asset 
that resides in the relationships among individuals, 
groups, or organizations. NGOs serve as places for 
the generation of social capital. Most of the studies on 
social capital in NGOs have focused either on the role 
of NGOs in fostering civic engagement (15) or on the 
ways that NGOs build social capital for individuals 
associated with the organization (16). Previous studies 
seldom focused on the development of organizational 
social capital in NGOs (17-19). Intra-organizational 
social capital (ISC) represents the relationships among 
members of the organization that can serve as a basis 
to improve the capacity of the organization, perform 
committed actions, and create value (20-22), and these 
relationships can be simply understood as relationships 
among members of an organization. Several studies 
have found that drawing on ISC can promote the 
development of an organization and they have explained 
the role of ISC in resource mobilization, resulting in an 
improved and more effective organization (20-23). 
 The Joint United Nations Program on HIV/AIDS 
(UNAIDS) recommends creating regional policies 
tailored to multiple and varying epidemics of HIV/
AIDS (24). HIV/AIDS-related NGOs in China need 
to be surveyed in order to determine what is needed 
to implement those policies and to provide evidence 
for decision-makers. This paper describes the basic 
information on NGOs and ISC residing in these NGOs. 
This paper also compares actual NGOs and GONGOs. 
ISC could be used to provide a brand new view and 
frame of reference for the study of NGOs taking part in 
HIV/AIDS prevention and control.

2. Methodology of a cross-sectional survey of Chinese 
NGOs involved in HIV/AIDS

Identification and selection of the study sample. NGOs 
working on HIV/AIDS were chosen based on the 
prevalence of HIV/AIDS and availability of resources. 
NGOs were selected from eight provinces in China: 
Hunan, Sichuan, and Yunnan were considered areas 
of high prevalence; Anhui, Hubei, Shandong, and 
Jilin were considered areas of moderate prevalence; 
and Gansu was considered an area of low prevalence 
(25). NGOs were included in the study if they were: 

i) organizations listed as social organizations working 
on HIV/AIDS according to the local CDC and ii) the 
organization had been in operation for a year or longer.
 Participants in this study. To conveniently and 
rapidly obtain information, core members of the 
organizations were surveyed. Core members would 
have extensive knowledge of the organization's 
operation and management procedures. Core members 
were defined as the founder, chief, or administrator 
of the organization or a member playing a leading 
role in the organization. Respondents consisted of 
327 core members from 212 organizations in eight 
provinces. Organizations were allowed to have 
multiple core members participate in the survey. 
Ninety-one organizations had multiple members (206 
members in total) participate in the survey and 121 
organizations had only one member (121 members 
in total) participate. Responses from multiple core 
members of one organization were averaged to provide 
a single response for analysis, resulting in a total of 212 
responses. 
 Survey components. The survey consisted of two 
parts: a questionnaire asking about basic information on 
the NGO and the 16-item ISC Tool. The questionnaire 
consisted of six questions: the organization's name, 
the number of years it was in operation, the number of 
core members, the amount of organizational funding 
it received in the past year, the type of organization, 
and the scope of its work. The ISC Tool was developed 
by the current authors based on previous research 
(26,27). ISC was defined as networks, trust, support, 
and a shared vision among members of an NGO. Social 
capital may enable people and institutions to gain 
access to resources like social services, volunteers, 
or funding. The 16-item ISC Tool consisted of four 
dimensions (social networks, trust, support, and a 
shared vision) (Table 1). Responses were measured on a 
5-point Likert scale ranging from 1 (strongly disagree) 
to 5 (strongly agree). 

3. Organizational characteristics and social capital 
of HIV/AIDS-related NGOs

Validity and reliability of the ISC Tool. Four factors were 
extracted with eigenvalues above 1.0: trust (EV = 7.04), 
a shared vision (EV = 2.31), social networks and ties 
(EV = 1.30), and support (EV = 1.05). After a promax 
(oblique) rotation was performed, the four factors 
explained 73.07% of the total variance. This finding 
indicates that the four specific factors closely coincided 
with the original dimensions. The coefficient of reliability 
(Cronbach's α) was used to evaluate internal reliability. 
The internal consistency had an overall Cronbach's α of 
0.89, and Cronbach's α for the four factors ranged from 
0.68 to 0.91. The ISC Tool is a valid and reliable scale 
to measure ISC for civil society organizations (CSOs) 
involved in HIV/AIDS programs in China. 
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≤ 0.1. There were no statistically significant differences 
between actual NGOs and GONGOs in terms of the 
other dimensions of social capital. The staff of GONGOs 
received more support from their organization than the 
staff of actual NGOs. In conclusion, almost half of the 
NGOs had a low level of trust and lacked a shared vision, 
networks, and support. The staff of GONGOs received 
more support from their organizations than the staff of 
actual NGOs.

4. Lessons and issues for practice and development

Many NGOs form spontaneously in China (1). Of 
the organizations studied here, 63.2% were actual 
NGOs. Most actual NGOs do not have legal status 
while GONGOs do. Before legally registering with 
the Ministry of Civil Affairs, an "NGO" must obtain 
sponsorship from a relevant government ministry or 
bureau, the leader of which will be personally responsible 
for any misconduct by the NGO (12). Legal status as 

 Organizational characteristics of NGOs. A total 
of 327 core members from 212 organizations in 8 
provinces participated in the survey (Table 2). The 
212 NGOs included 134 actual NGOs (63.2%) and 
78 GONGOs (36.8%). Results for the 212 NGOs 
indicated that the organizations had been in operation 
an average of 7 years (interquartile range (IQR): 
5-9), organizations had an average of 4 core members 
(IQR: 3-5), and received an average of $7,670 (IQR: 
$3,068-$18,408) in funding in the past year (2014). 
One hundred and ninety-nine NGOs (93.9%) provided 
educational services, 165 (77.8%) provided delivery 
services, 71 (33.5%) provided antiretroviral treatment, 
82 (38.7%) built capacity, 129 (60.9%) provided care 
and support to people living with HIV/AIDS (PLWHA), 
and 175 (82.6%) implemented interventions (Table 
3).There were significant differences between actual 
NGOs and GONGOs in the number of core members, 
funding, and the percentage of organizations that built 
capacity. Compared to actual NGOs, GONGOs had 
more core members, received more funding, and built 
more capacity.
 Amount of social capital in NGOs. The mean 
component score was used as the cut-off point to divide 
social capital into a large amount of social capital 
(component score ≥ 0) and a small amount of social 
capital (component score < 0) (26). Based on the cut-
off points for the four dimensions of social capital, 125 
NGOs (59.0%) had a high level of trust, 116 (54.7%) 
had a shared vision, 112 (52.8%) had extensive social 
networks, and 120 (56.6%) had a high level of support. 
Compared to actual NGOs, GONGOs had a greater 
amount of support from higher organizations, with a p 

Table 1. The Intra-organizational Social Capital Tool (ISC Tool)

Items

Social networks and ties
1. Core members contact each other frequently in private.
2. Core members and general staff contact each other frequently in private.
3. General members contact each other frequently in private.

Trust
4. You believe that members of the organization will keep their promises.
5. You believe that members of the organization are honest.
6. You believe that the volunteers will cooperate and work effectively.
7. You believe that the core members can lead the organization effectively.
8. If you were busy and needed to re-allocate your work, you would be able to entrust it to your colleagues.

Support
9. The organization offers training for members.
10. The organization provides material support when members need it.
11. The organization provides emotional support when members need it.

Shared vision
12. The members of the organization know the meaning of HIV/AIDS-related terminology they routinely encounter.
13. The members of the organization readily communicate.
14. The members of the organization share a set of norms.
15. The members of the organization approve of the way the organization operates.
16. The members of the organization identify with the strategies and aims of the organization.

1
1
1

1
1
1
1
1

1
1
1

1
1
1
1
1

5
5
5

5
5
5
5
5

5
5
5

5
5
5
5
5

2
2
2

2
2
2
2
2

2
2
2

2
2
2
2
2

3
3
3

3
3
3
3
3

3
3
3

3
3
3
3
3

4
4
4

4
4
4
4
4

4
4
4

4
4
4
4
4

Disagree                          Agree

Table 2. HIV/AIDS-related NGOs and participants in this 
study

Province

Hunan
Sichuan
Yunnan 
Anhui 
Hubei 
Shandong 
Jilin 
Gansu
Overall 

No. of participants (%)

  13 (4.0)
  61 (18.7)
103 (31.5)
  39 (11.9)
  22 (6.7)
  21 (6.4)
  34 (10.4)
  34 (10.4)
327 (100)

No. of NGOs (%)

  13 (6.1)
  28 (13.2)
  63 (29.7)
  30 (14.2)
  13 (6.1)
  16 (7.5)
  25 (11.8)
  24 (11.3)
212 (100)
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an NGO is important because unregistered NGOs are 
typically unable to manage their own finances and bank 
accounts, making it difficult for them to mobilize large-
scale resources (28). Over the past few years, registration 
restrictions for NGOs have been loosened in China (13). 
However, without reform of the registration process most 
NGOs will face difficulties functioning as professional 
organizations and will be unable to structurally and 
financially increase the scale of the services they provide 
(1). The current study's findings indicate that GONGOs 
with legal status and governmental backing are likely 
to have more annual funding and more core members. 
Unsurprisingly, more GONGOs focus on capacity 
building than actual NGOs. Since they are not registered 
with the Ministry of Civil Affairs, true NGOs have 
difficulty applying for grants and thus often encounter 
financial difficulties when providing regular services, 
much less building capacity (12).
 According to a previous study, NGOs working on 
HIV/AIDS receive financial support from three places: 
i) the government; ii) international programs; and iii) 
corporate or individual donations. A previous study in 
China revealed that NGOs working on HIV/AIDS had 
an annual budget of $7,000 in 2009 (1). The current 
study found that most of the organizations studied 
lacked adequate funding, and the average amount of 
financial support received in 2014 was only about 
50,000 RMB ($7,670), so funding has not increased 
in five years. In June 2014, the Global Fund to Fight 
AIDS concluded its support for operations in China and 
a project entitled the "Fund for Social Organizations 
Participating in HIV/AIDS Prevention and Control" 
was established by the Chinese Government in June 
2015 (2). These particular events explain why the 
studied NGOs had such a low annual budget in 2014. In 
2014, the Chinese NGOs working on HIV/AIDS were 
faced with an absence of previous funds and no new 

funds to replace them.
 The shortage of professional social workers and 
public health specialists in NGOs is also an important 
obstacle to the development of NGOs (12). Sufficient 
numbers of paid, professional staff are essential to the 
effective long-term functioning and stability of NGOs 
(29). The staff of NGOs varies in composition, so the 
current study examined the number of core members 
in these NGOs instead of full-time/part-time members 
and volunteers. In a study by Kelly et al., NGOs in 
Africa had an average of 5 full-time staff, those in 
Central/Eastern Europe & Central Asia had an average 
of 5, those in Latin America had an average of 5, and 
those in the Caribbean had an average of 2.5 (11). The 
current study found that NGOs only had an average 
of 4 core members. The current authors developed a 
scale to assess social capital in NGOs involved in HIV/
AIDS prevention programs in China. The social capital 
assessed was ISC, which represents relationships based 
on networks, trust, support, and a shared vision among 
members of an NGO. Social capital may enable people 
and institutions to gain access to resources like social 
services, volunteers, or funding. ISC is one factor 
that influences how NGOs function and the ISC Tool 
is an important instrument with which to study and 
enhance the third sector (16). The ISC Tool had good 
internal consistency and construct validity. This Tool 
will facilitate the study of NGOs' specific strategies to 
build capacity to respond to the Chinese HIV/AIDS 
epidemic.
 The current results indicated that i) Chinese NGOs 
working on HIV/AIDS are short of funding and core 
members. GONGOs had more core members, received 
more funding, and built more capacity than actual 
NGOs; ii) Almost half of the NGOs had a low level 
of trust and lacked a shared vision, networks, and 
support. The staff of GONGOs received more support 

Table 3. Characteristics and social capital among HIV/AIDS-related NGOs (n = 212)

Variables

Characteristic
    No. of years in operation
    No. of core members
    Funding (USD) 

Scope of work 
    Education (Yes)
    Service delivery (Yes)
    Antiviral treatment (Yes)
    Capacity building (Yes)
    Care and support (Yes)
    Interventions

Social capital
    Trust (High)
    Shared vision (High)
    Social networks and ties (High)
    Support (High)

Overall (n = 212)

7 (5-9)
4 (3-5)

$7,670; $ (3,068-18, 408)

199 (93.9%)
165 (77.8%)
  71 (33.5%)
  82 (38.7%)
129 (60.9%)
175 (82.6%)

125 (59.0%)
116 (54.7%)
112 (52.8%)
120 (56.6%)

Grass-roots (n = 134)

7 (5-9)
3 (2-5)

$5,296; $ (1,182-12,716)

124 (92.5%)
105 (78.4%)
  45 (33.6%)
  39 (29.1%)
  76 (56.7%)
111 (82.8%)

  82 (61.2%)
  72 (53.7%)
  71 (53.0%)
  70 (52.2%)

GONGOs (n = 78)

7 (4-9)
5 (3-6)

$13,389; $ (4,862-37,773)

75 (96.2%)
60 (76.9%)
26 (33.3%)
43 (55.1%)
53 (67.9%)
64 (82.1%)

43 (55.1%)
44 (56.4%)
41 (52.6%)
50 (64.1%)

Z/χ2

- 0.28
- 2.57
- 4.77

0.58
0.06
0.00
14.08
2.61
0.02

0.75
0.14
0.00
2.83

p value

0.78
0.01

< 0.01

0.45
0.81
0.97

< 0.01
0.11 
0.89

0.39
0.71
0.95
0.09
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from their organization than the staff of actual NGOs. 
These results indicate the potential benefit of increasing 
the existing social capital among the staff of NGOs, 
perhaps by fostering relationship through joint activities 
or further training in teamwork for an organization's 
staff. Capacity building and policymaking should 
differentiate actual NGOs and GONGOs. NGOs have 
long-term, reciprocal, trust-based relationships with 
communities and other organizations that extend 
beyond the networks of their individual staff (16). 
Further studies are need to evaluate trust, cooperation, 
and reciprocity between NGOs and the government, 
the private sector, and media organizations and to 
identify deep-rooted opposition and ways to deal with 
it. Another topic for future study is the relationship 
between social capital and organizational performance. 
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