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COVID-19 vaccine research focusses on safety, efficacy, 
immunoinformatics, and vaccine production and delivery: a 
bibliometric analysis based on VOSviewer

Yamin Chen1,2,§, Luying Cheng2,§, Rongna Lian3, Ziwei Song2, Jinhui Tian1,4,*

1 Key Laboratory of Evidence-based Medicine and Knowledge Translation of Gansu Province, Lanzhou University, Lanzhou, China;
2 Evidence-Based Nursing Center, School of Nursing, Lanzhou University, Lanzhou, China;
3 The First Clinical Medical College, Lanzhou University, Lanzhou, China;
4 Evidence-Based Medicine Center, School of Basic Medical Sciences, Lanzhou University, Lanzhou, China.

1. Introduction

Coronavirus Disease 2019 (COVID-19), caused by the 
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), has affected tens of millions of people globally 
since it was declared a pandemic by the World Health 
Organization (WHO) on March 11, 2020 (1). The clinical 
manifestations of COVID-19 usually include fever, dry 
cough and fatigue, often accompanied by lung infections 
(2). As of 28 February 2021, the number of confirmed 
cases has exceeded 110 million, with 2,512,272 reported 
deaths, indicating this pandemic's significant global 
impact (3). The high transmission rate of the COVID-19 
has led to the current heavy burden on public health and 
the global economy, highlighting the need for a fast and 
effective method to prevent or treat deadly infections 

(4). An effective treatment strategy is to reduce the 
symptoms of patients (4). Simultaneously, many 
therapeutic treatments such as antiviral drugs (nucleotide 
analogue) (5,6), antimalarial drugs (those inhibit viral 
cell entry and its replication) (7,8), immunomodulators 
(9), and cell and plasma-based therapy (10) have shown 
therapeutic effects. Despite the various treatment 
approaches, there are no potential drugs available to treat 
COVID-19. Some studies reported reinfection in patients 
who have been declared clinically recovered (11). Thus, 
there is an urgent need for safe and effective preventive 
vaccines to curb this pandemic. More and more research 
teams, and pharmaceutical companies are committed 
to vaccine research and development, which has led to 
numerous articles about vaccines published in a short 
time. However, the status of COVID-19 vaccine research 

DOI: 10.5582/bst.2021.01061

SUMMARY

Keywords COVID-19, vaccine, bibliometric analysis, VOSviewer

Coronavirus Disease 2019 (COVID-19), caused by the severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2), has affected tens of millions of people globally since it was declared a 
pandemic by the World Health Organization (WHO) on March 11, 2020. There is an urgent need for 
safe and effective preventive vaccines to curb this pandemic. A growing amount of related research 
has been published. This study aimed to provide the current status of COVID-19 vaccine using 
bibliometric analysis. We searched Embase.com and MEDLINE comprehensively and included 
articles, articles in press, reviews, short surveys, conference abstracts and conference papers about 
COVID-19 vaccine. VOSviewer1.6.11 (Leiden University, Leiden, Netherlands) was applied to 
perform the bibliometric analysis of these papers. A total of 1,312 papers were finally included. The 
BMJ has been the most popular journal in this field. The United States maintained a top position 
worldwide and has provided a pivotal influence, followed by China, India and United Kingdom. 
Among all the institutions, Harvard University was regarded as a leader for research collaboration. We 
analyzed the keywords and identified seven COVID-19 vaccine research hotspot clusters. COVID-19 
vaccine research hotspots focus on clinical trials on vaccine safety and efficacy, research on vaccine 
immunology and immunoinformatics, and vaccine hesitancy. Our analysis results demonstrated that 
cooperation between countries, institutions, and authors were insufficient. The results suggested that 
clinical trials on vaccine safety, efficacy, immunology, immunoinformatics, production and delivery 
are research hotspots. Furthermore, we can predict that there will be a lot of research focusing on 
vaccine adverse reactions.
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is still unclear.
	 Bibliometric analysis is a quantitative analysis 
combining mathematics and statistics, which focuses on 
the bibliometric characteristics of research in a particular 
field, and helps investigators grasp the development 
priorities and trends in the field and guides their follow-
up work (12,13). Bibliometric methods have expanded 
the focus on topics, publications, countries, authors, 
institutions and journals in many research fields (14,15). 
Bibliometrics can assess the research reputation of 
a large number of units, because individual experts 
are not capable of handling so much information in a 
single evaluation procedure (16). To a certain degree, 
bibliometric analysis can systematically estimate the 
trend of future research hotspots (17). A large number 
of studies have applied bibliometric analyses to identify 
research trends in various fields (14). There are a few 
published studies about COVID-19 using bibliometric 
analysis to explore the activity and trends (18-20). 
However, no bibliometric study on recent scientific 
output and future research trends of COVID-19 vaccine 
was reported. In order to access the current status and 
provide a reference for later research of COVID-19 
vaccines a bibliometric analysis was performed.

2. Methods

2.1. Data source and collection

We  s e a r c h e d  E m b a s e . c o m  a n d  M E D L I N E 
comprehensively and included articles, articles in 
press, reviews, short surveys, conference abstracts 
and conference papers about COVID-19 vaccines. To 
avoid bias caused by frequent database renewal, all the 
literature retrieval and data download were completed 
in a single day, February 18, 2021. There was no 
restriction on language and data category. The search 
terms were "coronavirus disease 2019", "severe acute 
respiratory syndrome coronavirus 2", "COVID-19", 
"2019-nCov", "SARS-CoV-2", "vaccine", "autovaccine". 
A detailed search strategy of Embase.com is presented 
in Supplementary Data 1 (http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=71).

2.2. Study selection

Two reviewers (YMC and LYC) independently extracted 
data including titles, countries, institutions, journals, 
authors and so on. Differences of opinion were settled by 
consensus or referral to a third review author (JHT).

2.3. Data analysis and visualization

We conducted a bibliometric analysis using VOSviewer 
1.6.11 (Leiden University, Leiden, Netherlands), and 
constructed a map based on a co-occurrence matrix and 
identified clusters from the keywords network (21,22). 

We standardized the data before performing analysis. To 
be specific, different expressions of the same keywords 
were standardized into Medical Subject Heading (MeSH) 
terms in order to avoid bias. The standardizations 
were carried out manually by the authors (23,24). The 
interpretation of a visualization map produced was based 
on three characteristics: size, distance, and colors (25). A 
node means a specific element, such as author, country, 
or keyword, and the size of the node shows the number 
of publications or frequency (24). The larger threshold 
means the more times it occurs, and the smaller threshold 
indicates the fewer occurrences. The link between the 
nodes means that they are connected, and the distance 
between two terms indicates the affinity and sparseness 
of the relationship. In other words, the smaller the line, 
the closer the relationship is, and vice versa. In terms of 
the cluster analysis of keywords, each color represents a 
cluster (25). In this study, the parameters of VOSviewer 
were as follows: counting method (fractional counting) 
and ignore documents with a large number of authors 
(maximum number of authors per document is 25). We 
regarded the Emtree Medical Index Terms (Major Focus) 
as keywords.

3. Results

3.1. Search results, journals, and date of publication

A total of 6,018 records were derived from Embase.
com and MEDLINE. After two reviewers' independent 
screening, 1,312 papers were finally included, which 
were published in 576 journals. The number of journals 
that published more than five papers and only one 
study was 7.64% (44/576) and 70.14% (404/576). We 
have listed the top 20 journals, among them, the top 
five published journals were BMJ (64/1,312), Vaccines 
(Basel) (44/1,312), Vaccine (36/1,312), Human Vaccines 
and Immunotherapeutics (33/1,312), and New England 
Journal of Medicine (30/1,312) (Table 1). Publication 
dates of included articles are 2020 and 2021. Since 331 
papers have no specific publication information, we only 
drew a histogram for the remaining 981 papers, as shown 
in Figure 1. Research on vaccines is increasing month by 
month, with the most in January 2021 (210/981). Limited 
by our search until February 18, so it does not mean 
that there are fewer studies in February and following 
months.

3.2. Institutions

More than two thousand institutions have paid attention 
to the research field of COVID-19 vaccine, most 
of them participated in only one study respectively. 
We listed the top 20 institutions in the ranking of 
publications (Table 2). The institutions with more than 
20 publications were Harvard University (37 studies), 
University of Washington (36 studies), University of 
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while the second largest cluster (#2) mainly consisted 
of Baylor College of Medicine, Emory University, New 
York University, Massachusetts Institute of Technology, 
University of Maryland, University of North Carolina, 
and University of Texas. Most of these institutions are 
in the United States and work closely together. The 
third cluster (#3) was Chinese Academy of Sciences, 
Peking University, Fudan University, National Institute 
for Food and Drug Control, and National Institutes of 
Health, which are in China and the United States. The 
fourth cluster (#4) was Duke University, Icahn School 
of Medicine at Mount Sinai, University of California, 
University of Michigan and University of Pennsylvania. 
Among the remaining clusters (#5, #6, #7), each 
cluster contained three institutions, most of which are 
universities.

3.3. Countries

In total, 95 countries have engaged in relevant research 
on COVID-19 vaccine, of them, 28 countries published 
one study, and 67 countries participated in two studies 
at least. We presented the top 20 countries in the ranking 
in Table 3. The United States ranked first, with 424 
publications, followed by China (149 publications), India 
(145 publications), United Kingdom (145 publications), 
and Canada (57 publications). Figure 3 contains 44 
countries with a frequency more than five, which had 
a connection with others, and seven clusters. It can be 
said that the United States and China have close ties 
with other countries. The largest cluster (#1) contained 
Australia, Germany, Greece, Israel, Italy, Netherlands, 
Romania, Russian Federation, Spain, and Switzerland. 
The second largest cluster (#2) contained Bangladesh, 
China, India, Indonesia, Iran, Japan, Nepal, South 
Korea, Sudan, and Turkey. The third largest cluster (#3) 

Oxford (31 studies), Johns Hopkins University (26 
studies), National Institutes of Health (26 studies), 
Stanford University (18 studies), University of North 
Carolina (18 studies), University of Toronto (17 
studies), Emory University (16 studies), and University 
of Maryland (16 studies), which demonstrated that most 
of the contributions came from universities. Network 
map of institutions with frequency more than seven are 
shown in Figure 2, which contains 34 nodes and seven 
clusters. The largest cluster (#1) consisted of Harvard 
University, Stanford University, University of Florida, 
University of Kwazulu-Natal, University of Toronto, 
University of Washington, and University of Yalu, 

Table 1. Top 20 productive journals of papers on COVID-19 
vaccine

Rank

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

13
14
15
16
17
18
19
20

Journal

BMJ
Vaccines (Basel)
Vaccine
Human Vaccines & Immunotherapeutics
New England Journal of Medicine
Frontiers in Immunology
Nature
Science
JAMA 
Annals of Internal Medicine
Cell
International Journal of Environmental Research 
and Public Health
Clinical Infectious Diseases
Journal of Biomolecular Structure and Dynamics
Journal of Medical Virology
Nature Communications
Expert Review of Vaccines
Scientific Reports
The Lancet
PLoS One

Frequency

64
44
36
33
30
26
22
21
17
16
16
13

12
12
12
12
10
10
10
  9

Figure 1. Date of publication of COVID-19 vaccine research.
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Table 2. TOP 20 productive institutions of papers on 
COVID-19 vaccine

Rank

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Frequency

37
36
31
26
26
18
18
17
16
16
16
15
15
15
14
13
13
12
12
12

Institution

Harvard University
University of Washington
University of Oxford
Johns Hopkins University
National Institutes of Health
Stanford University
University of North Carolina
University of Toronto
Emory University
University of Maryland
Yale University
Baylor College of Medicine
Imperial College London
University of California
University of Pennsylvania
Chinese Academy of Sciences
Icahn School of Medicine at Mount Sinai
Peking University
University of Florida
University of Texas

Figure 2. Network map of 19 institutions 
with frequency more than four. 

Table 3. Top 20 countries of papers on COVID-19 vaccine

Rank

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Frequency

424
149
145
145
  57
  56
  52
  52
  38
  36
  32
  31
  28
  25
  24
  19
  18
  18
  18
  17

Country

United States
China
India
United Kingdom
Canada
Germany
Australia
Italy
Spain
France
Switzerland
Iran
Saudi Arabia
South Korea
Netherlands
Russian Federation
Brazil
Israel
South Africa
Pakistan

Figure 3. Network map of 40 countries 
with frequency more than two.
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contained Czech Republic, Denmark, Egypt, Jordan, 
Malaysia, Pakistan, Saudi Arabia, and Sweden.

3.4. Authors

More than five thousand authors contributed to the 
publications of COVID-19 vaccine. 38 authors who 
had a connection with others, constituted seven clusters 
as shown in Figure 4, the threshold is four. The red 
cluster in the right corner of the picture was the largest 
cluster containing ten authors from United States, which 
cooperate closely. The yellow cluster, purple cluster and 
the blue cluster consisted mainly of American authors, 
Indian authors, Chinese authors and British authors. 
The detailed address and nationality of the authors in 
Figure 4 are shown in Supplementary Data 2 (http://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=71).

3.5. Keywords

869 COVID-19 vaccine research hotspots keywords 
were extracted from 1,312 publications. Table 4 shows 
the top 20 keywords, among them, with a frequency 
of occurrence more than 30 is COVID-19 (1,075 
publications), vaccination (212 publications), pandemic 
(153 publications), immunity (101 publications), vaccine 
hesitancy (39 publications), prevention and control (32 
publications), and drug design (30 publications).
	 We presented the main keywords density in Figure 
5, with frequency greater than eight. 55 nodes are shown 
in the map, and the brightest three were COVID-19 
and vaccination in the center of the map. In Figure 6, 
55 keywords that appeared more than eight times are 
included and classified into seven clusters in the map: 

cluster 1 (clinical research about vaccination, in red); 
cluster 2 (immunological research on vaccines, in green); 
cluster 3 (immunoinformatics on the vaccine, in blue); 
cluster 4 (infection prevention, in yellow), cluster 5 
(herd immunity of public health, in purple), cluster 6 
(vaccine delivery in bright blue) and cluster 7 (vaccine 
production, in orange). Circles with a large size represent 
the keywords that appeared at a high frequency. Within 
cluster 1, the following keywords frequently occurred: 
administration and dosage, age, attitude to health, 
clinical trial, controlled study, ethics, health care system, 
influenza vaccination, organization and management, 
practice guideline, pregnancy, prevention and control, 
procedures, psychology, trust, and virus pneumonia. In 

Figure 4. Network map of 29 authors with frequency more than three.

Table 4. Top 20 keywords of papers on COVID-19 vaccine

Rank

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Frequency

1,075
   212
   153
   101
     39
     32
     30
     29
     28
     27
     24
     22
     21
     21
     20
     20
     18
     18
     17
     17

Keywords

coronavirus disease 2019
vaccination
pandemic
immunity
vaccine hesitancy
prevention and control
drug design
drug efficacy
public health
antibody response
immunogenicity
middle east respiratory syndrome
drug safety
receptor binding
spike
t lymphocyte
drug development
virus pneumonia
ethics
vaccine production
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cluster 2, relevant keywords included antibody response, 
b lymphocyte, cellular immunity, computer model, 
coronavirus disease 2019, humoral immunity, innate 
immunity, middle east respiratory syndrome (MERS), 
nonhuman, preclinical study, prediction, protein domain, 
receptor binding, spike, and t lymphocyte. Similarly, in 
cluster 3, the main keywords are bioinformatics, drug 
design, drug efficacy, drug safety, immunogenicity, 
immunoinformatics, and vaccine immunogenicity. In 
cluster 4, the primary keywords are BCG vaccination, 
epidemic, health care personnel, infection prevention, 
mortality, and vaccine hesitancy. In cluster 5, they 
are communicable disease, health care policy, herd 
immunity, immunity, and public health. In cluster 6, 

the keywords are drug delivery system, nanomedicine, 
and vaccination. The keywords of the last cluster are 
drug development, pandemic, and vaccine production. 
To sum up, COVID-19 vaccine research hotspots 
can be classified as clinical trials on vaccine safety 
and efficacy, research on vaccine immunology and 
immunoinformatics, herd immunity of public health and 
vaccine production and delivery.

4. Discussion

As we all know, the pandemic of COVID-19 has caused 
high alarm worldwide because of its morbidity and 
mortality. The battle against COVID-19 is still going on, 

Figure 5. Density map of main keywords.

Figure 6. Network map of 44 keywords with frequency more than four.
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and there are still new cases of COVID-19 in China (18). 
The most urgent task for medical doctors or scientists 
is to control COVID-19, including the development 
of a safe and effective vaccine. Many diverse studies 
addressing COVID-19 vaccine have sprung up owing to 
the urgent necessity of prevention and control. Global 
efforts should continue on vaccines for COVID-19.
	 In this study, we analyzed the journals, date of 
publication, institutions, countries, authors, and 
keywords of published studies on COVID-19 vaccine 
based on bibliometric and visualization methods, in 
order to reveal the current status of COVID-19 vaccine 
worldwide.
	 Based on the results of the analysis about journals, 
the BMJ was the top journal with publications on the 
COVID-19 vaccine up to February 18, 2021. Medical 
journals with high impact such as the BMJ, JAMA, 
Science, Cell, Nature, Lancet and the New England 
Journal of Medicine have also published papers for 
COVID-19 vaccine, which means that the vaccine 
received extensive attention from researchers around 
the world and had a crucial role in the prevention of 
COVID-19. Studies with high impact factors have 
involved COVID-19 vaccine development, safety and 
immunogenicity of the vaccine, vaccine hesitancy, 
and COVID-19 vaccine trials (26-29). Variations in 
the number of academic papers on a certain research 
field are important indicators for the developing 
trend. Plotting the number of publications over time 
and conducting multivariate statistical analysis help 
to comprehend the research level and future trends 
(19). As for 981 publications with specific dates, the 
quantity increased month by month from January 2020 
to January 2021. Since our search was completed on 
February 18, 2021, the publications of February and 
the following months are incomplete. We predict that 
the publications will be more than that shown in Figure 
1, according to the fact that some vaccines have been 
widely introduced. Thus, vaccines will be a research 
hotspot in the future until COVID-19 is controlled.
	 Our observations indicate that multiple institutions 
published studies about COVID-19 vaccines, attributed 
to the fact that COVID-19 has affected more than 200 
countries or regions around the world. After analyzing 
the top 20 institutions, we realized that most of the 
institutions are universities and located in the United 
States. The network map illustrated that research teams 
are formed between different institutions, which were 
connected but not close to each other. Regarding the 
contributions of countries, both the United States and 
China have played important roles in COVID-19 vaccine 
research, and their total numbers of studies ranked first 
and second, respectively. The United States seems to 
have superior conditions for basic medical research 
or clinical trials, which include adequate funding, 
advanced equipment, and professional researchers. All 
the characteristics also showed that the United States is 

leading the field (30). The four institutions from China 
(Fudan University, Peking University, National Institute 
for Food and Drug Control and Chinese Academy of 
Sciences) also made some contributions. Part of the 
reason for this phenomenon was that China is one of 
the countries severely affected by the epidemic, which 
also demonstrated China's scientific research strength 
has increased in recent years. Notably, approximately 
two thousand authors contributed to the publication of 
COVID-19 vaccine, however, most were involved in 
one publication. The network map of more than four 
authors illustrated that independent research teams 
formed between different authors. The same result was 
attributed to the author's institution. More connections 
between different nodes indicate more cooperation 
between different countries. The biggest problem at 
present is insufficient cooperation between various 
countries, institutions, and authors, which greatly 
reduces research efficiency. If the exchanges and 
cooperation about research methods and results between 
institutions in various countries are improved, vaccine 
research on COVID-19 will make a huge breakthrough.
	 As for the keywords involved, 869 hotspots 
keywords were encountered, which covered common 
words used in COVID-19 vaccine research. The most 
frequent words were COVID-19, vaccination, pandemic, 
vaccine hesitancy, prevention and control, and drug 
design. Only 6.3% (55/869) of keywords had a frequency 
of ≥ 8, indicating the importance of a few keywords. In 
bibliometrics, a network map of keyword co-occurrences 
reflects hot topics (31). Cluster analysis of co-occurrence 
keywords demonstrated that there were seven clusters 
in this field. Cluster 1 consisted of 16 keywords, mainly 
related to clinical research about vaccination, because 
clinical research on vaccination was carried out in many 
countries. WHO reported that at least seven different 
vaccines across three platforms have been rolled out. 
Vulnerable populations in all countries are the highest 
priority for vaccination. At the same time, there are 
currently more than 200 additional vaccine candidates 
in development, of which more than 60 are in clinical 
development, as of February 18, 2021 (32). Issues such 
as ethics and informed consent involved in vaccines are 
also hot topics in current research (33-37). Cluster 2 
consisted of 15 keywords mainly about immunological 
research on vaccines, which was the key to vaccine 
development. The viral surface spike (S) protein of 
SARS-CoV-2 is a key target for prophylactic measures as 
it is critical for the viral replication cycle and the primary 
target of neutralizing antibodies, thus, researchers 
all over the world are targeting the S protein for the 
development of potential vaccines (38). A previous study 
showed that 4A8 binds to the N-terminal domain (NTD) 
of S protein with potent neutralizing activity, which 
means that the development of vaccines has made some 
progress (39). For cluster 3, seven keywords were mainly 
related to vaccine immunoinformatics. Some research 
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focused on designing a multi-epitope vaccine, using an 
immunoinformatics approach (40). Six keywords, BCG 
vaccination, epidemic, health care personnel, infection 
prevention, mortality, and vaccine hesitancy, formed 
cluster 4. Some studies have elaborated the vital role 
of vaccines in preventing infections and controlling 
epidemics (41,42). Study data supports the hypothesis 
that BCG vaccination is beneficial in reducing the 
morbidity and mortality of COVID-19. The data 
supporting this result may be inaccurate due to many 
confounders such as Polymerase Chain Reaction (PCR) 
testing rate, population characteristics, and protection 
strategies. The reliability of this result still needs to 
be verified by clinical trials (43). Vaccine hesitancy 
remains a challenge to full population inoculation against 
highly infectious diseases. Concern about the safety of 
COVID-19 vaccine could contribute to vaccine hesitancy 
(44). The effort of the scientific community in searching 
for a COVID-19 vaccine may be hampered by a diffused 
vaccine hesitancy. Some researchers have paid attention 
to factors that affect vaccine hesitancy, such as race, 
educational attainment, and whether to receive influenza 
vaccine (45). Cluster 5 that consisted of 5 keywords 
paid attention to research on vaccine research on herd 
immunity for public health. COVID-19 vaccines will 
be essential in the future for reducing morbidity and 
mortality and inducing herd immunity (46,47). In cluster 
6, keywords were drug delivery system, nanomedicine, 
and vaccination. The recent success of mRNA vaccines 
in SARS-CoV-2 clinical trials is in part due to the 
development of lipid nanoparticle delivery systems, 
which not only efficiently express the mRNA-encoded 
immunogen after intramuscular injection, but also play 
roles as adjuvants and in vaccine reactogenicity (48). The 
last cluster that consisted of 3 keywords paid attention 
to research on vaccine production, which is one of the 
current challenges of COVID-19 vaccine. To sum up, 
COVID-19 vaccine research hotspots can be classified 
as clinical trials on vaccine safety and efficacy, research 
on vaccine immunology and immunoinformatics, the 
importance of vaccine to public health and vaccine 
production and delivery.
	 I t  is  worth noting that two versions of the 
AstraZeneca/Oxford vaccine, produced by AstraZeneca-
SK Bioscience (AZ-SKBio) and the Serum Institute 
of India (AZ-SII), were approved for emergency use, 
which were cheaper and easier to distribute than some 
rivals, including that of Pfizer-BioNTech (49). As of 
24 February 2021, eight vaccines have been approved 
for emergency use. Among them, the vaccine named 
BNT162b2/COMIRNATY Tozinameran, which 
platform is nucleoside modified mNRA. The platforms 
of two vaccines that named AZD1222 and Covishield 
(ChAdOx1_nCoV-19) were Recombinant ChAdOx1 
adenoviral vector encoding the spike protein antigen of 
SARS-CoV-2. The platform of SARS-CoV-2 Vaccine 
(Vero Cell), Inactivated (lnCoV) and SARS-CoV-2 

Vaccine (Vero Cell), inactivated, were produced in 
Vero cells. The platform of mRNA-1273 is mNRA-
based vaccine encapsulated in a lipid nanoparticle. 
Meanwhile, the Ad26.COV2.S is Recombinant as well 
as replication-incompetent adenovirus type 26 vectored 
vaccine encoding the S protein. The last vaccine named 
Ad5-nCoV platform is Recombinant Novel Coronavirus 
Vaccine (Adenovirus Type 5 Vector)) (50). One 
widespread concern is adverse events after vaccination. It 
was reported that severe allergy-like reactions in at least 
12 people who received BNT162b2 mRNA Covid-19 
Vaccine may be due to a compound in the packaging of 
the mRNA that forms the vaccine's main ingredient (51). 
A similar mRNA vaccine developed by Moderna, which 
was authorized for emergency use in the United States, 
also contains the compound, polyethylene glycol (PEG). 
Therefore, attention should be paid to adverse reactions 
when performing large-scale clinical vaccinations. In 
summary, adverse reactions of vaccines will be other 
research hotspots.
	 To be the best of our knowledge, this is the first 
study to perform bibliometric analysis on COVID-19 
vaccine research. To comprehensively capture the current 
status of research on COVID-19 vaccine, VOSviewer 
was used to identify the hotspots, cooperation among 
authors, countries, and institutions in this field. 
However, this study has some limitations. At first, the 
data was retrieved from Embase.com and MEDLINE. 
Nevertheless, the amount of data in our analysis is 
large enough to reflect the current status of COVID-19 
vaccine. Second, since some authors have the same short 
name, some keywords have different expression, bias 
may still exist, although we have standardized them. At 
last, our study has been undertaken at the vortex of the 
epidemic, which may miss the most updated information. 
Therefore, all the results and conclusions of this study 
should be interpreted considering these limitations.

5. Conclusion

With the spread of the pandemic, more and more 
academic papers have been published. It is particularly 
important to evaluate the quality of such a great number 
of COVID-19 vaccine research papers and obtain 
valuable information. The results of bibliometrics 
show that the top one published journal was the BMJ. 
The United States and China have played important 
roles in COVID-19 vaccine research. Simultaneously, 
there is no doubt that universities have contributed 
the most publications. COVID-19 vaccine research 
hotspots are as follows: clinical research on vaccine 
safety and efficacy, research on vaccine immunology 
and immunoinformatics, infection prevention and 
herd immunity, and vaccine delivery and production. 
Furthermore, we can predict that there will be a lot of 
research focusing on vaccine adverse reactions. We also 
revealed that cooperation between countries, institutions, 
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and authors were insufficient. If the exchanges and 
cooperation between institutions in various countries are 
improved from now on, vaccine research of COVID-19 
will make a huge breakthrough.
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1. Introduction

The pathological effect on neuroimmune mechanisms 
in the brain caused by long-term ethanol consumption 
has attracted increased interest among researchers over 
the past two decades. One of the earliest studies in this 
area was performed by Lewohl et al. in 2000 (1). Using 
DNA microarray technology, the authors discovered an 
unexpected abundance of changes in the genes of the 
innate immune system in postmortem samples of the 
cerebral cortex of people with alcoholism (1). The very 
first experimental data showing that long-term ethanol 
consumption can activate the innate immune system in 
the central nervous system, promoting the production 
of pro-inflammatory cytokines and the death of nerve 
cells, were published by Valles et al. in 2004 (2). These 
results have been repeatedly confirmed and expanded in 
subsequent studies (3-8).
	 Impairments in the coordinated work of mechanisms 
at the cellular and molecular levels in various structures 
of the brain induced by prolonged use of ethanol lead 

to serious consequences such as emotional disorders 
(increased levels of anxiety and anxiety, deterioration in 
attention, aggression) and, worst of all, loss of cognitive 
control over the amount of alcohol consumed. These 
signs serve as criteria for the transition from the abuse 
of alcoholic beverages (drunkenness) to the formation 
of a complex and incurable mental illness, alcohol 
dependence (9-14).
	 For our review, we use the term "alcoholism" to 
mean a human disease, whereas "long-term ethanol 
consumption" is modeling of alcoholism in animals.
	 Long-term ethanol consumption leads to activation 
of microglial cells in the brain (15). Microglial activation 
is characterized by small morphological changes and 
increased expression of signaling molecules involved 
in the immune response (components of the major 
histocompatibility complex, Toll-like receptors (TLRs), 
and pro/anti-inflammatory cytokines) (16). In the brain, 
microglial cells, being resident macrophages in the 
central nervous system, express diverse receptors of 
the innate immune system, particularly members of 
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Alcoholism is a global socially significant problem and still remains one of the leading causes of 
disability and premature death. One of the main signs of the disease is the loss of cognitive control 
over the amount of alcohol consumed. Among the mechanisms of the development of this pathology, 
changes in neuroimmune mechanisms occurring in the brain during prolonged alcohol consumption 
and its withdrawal have recently become the focus of numerous studies. Ethanol consumption leads to 
the activation of neuroimmune signaling in the central nervous system through many subtypes of Toll-
like receptors (TLRs), as well as release of their endogenous agonists (high-mobility group protein B1 
(HMGB1), S100 protein, heat shock proteins (HSPs), and extracellular matrix degradation proteins). 
TLR activation triggers intracellular molecular cascades of reactions leading to increased expression 
of genes of the innate immune system, particularly, proinflammatory cytokines, causing further 
development of a persistent neuroinflammatory process in the central nervous system. This leads to 
death of neurons and neuroglial cells in various brain structures, primarily in those associated with the 
development of a pathological craving for alcohol. In addition, there is evidence that some subtypes 
of TLRs (TLR3, TLR4) are able to form heterodimers with neuropeptide receptors, thereby possibly 
playing other roles in the central nervous system, in addition to participating in the activation of the 
innate immune system.
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the TLR superfamily. The latter plays an important 
role in triggering the inflammatory response to various 
pathogens (17,18).
	 TLRs are activated by exogenous or PAMP 
(pathogen-associated molecular pattern; molecular 
fragments associated with pathogens) ligands, as 
well as by endogenous or DAMP (damage-associated 
molecular-pattern) ligands; their level increased in 
the brain during prolonged use of ethanol (4). Animal 
experiments have shown that the use of ethanol leads 
to increased expression and extracellular release of an 
endogenous ligand, HMGB1 protein (High-mobility 
group protein B1) (4). The interaction of the ligand 
with TLRs is a signal that triggers complex intracellular 
cascades of reactions, activating transcription factors 
NF-κB (nuclear factor kappa-light-chain-enhancer of 
activated B cells), AP-1 (activator protein 1), and IRFs 
(interferon regulatory factors). This leads to a subsequent 
increase in expression of genes encoding various pro-
inflammatory signaling molecules (pro-inflammatory 
cytokines, oxidases, nitric oxide synthase, proteases, and 
components of the major histocompatibility complex) 
(3-7,18-21). It should be noted that an increase in 
the level of pro-inflammatory cytokines correlates 
with an increase in the level of expression of certain 
subtypes of TLRs in the central nervous system (TLR2, 
TLR3, TLR4, TLR7) (3-7). These changes cause the 
development of a long-term neurotoxic effect, which 
further leads to proteasomal degradation of proteins, 
demyelination of axons, destruction of synaptic terminals 
due to damage of synaptic proteins and, ultimately, to 
the death of many cells in the central nervous system. 
Neurodegenerative changes in all parts of the brain 
of patients with alcoholism are a consequence of the 
neurotoxic effect of ethanol on the brain (3,22-25).
	 Besides microglia, neurons and neuroglial cells are 
able to respond to the pro-inflammatory factors of the 
immune system by expressing many different cytokine 
receptors such as TNFαR, IL-1βR, IL-6R (CD126), 
IFNγR, and IFNαR. Fractalin (also known as CX3CL), 
a protein secreted by nerve cells in the brain, is involved 
in the regulation of the migration of microglial cells in 
the central nervous system (18,26).
	 Microglial cells are considered a major component of 
the immune system in the central nervous system (CNS). 
However, accumulating evidence suggests that astrocytes 
serve as important effector cells and regulators of the 
local immunity in pathophysiological conditions due to 
expression of a wide spectrum of molecules involved 
in the innate or adaptive immune response, secretion of 
cytokines and complement components, and differential 
response to various stimuli inducing either the innate or 
adaptive immune response. Moreover, ethanol can alter 
the function of CNS glial cells including microglia and 
astrocytes which normally maintain homeostasis in the 
CNS (27,28).
	 Astrocytes are the major glial cell type in the CNS 

and can also express TLR2-3 and TLR9 (17). Based 
on this, it is assumed that the effect of ethanol/ethanol 
metabolites on astrocytes can also be mediated through 
the TLR; but this assumption requires further research.
	 Thus, the release of pro-inflammatory cytokines 
can lead to the activation of an increasing number of 
microglial cells, as well as astrocytes, oligodendrocytes 
and neurons, enhancing the mechanisms of neuroimmune 
signaling (2,29-31).
	 This review work summarizes the results of studies 
that bear compelling evidence about TLR-signaling 
that changes in the brain when using ethanol, and that 
many types of brain cells are involved in this process 
due to the fact that different subtypes of TLR-receptors 
are localized on different types of nervous system 
cells. There is still no complete understanding of the 
ultimate cause that starts these changes when ethanol 
is consumed. It is anticipated that endogenous TLR 
agonists are essential to this process, because they are 
secreted during ethanol consumption. Such agonists, for 
example, include HMGB1, heat shock proteins, uric acid, 
microRNA (6,32).
	 The research results of recent studies bring out clearly 
that TLR overexpression mediates the development of 
a neurotoxic effect in the CNS when ethanol is used. 
Possibly, TLR signaling contributes to the regulation of 
functional activity of neurotransmitter systems, which 
can contribute to the formation of pathological alcohol 
craving. Disturbances in the coordinated operation 
of neuroimmune signaling mechanisms in various 
brain structures as a result of ethanol use may result in 
consequences such as emotional disrepairs (increased 
anxiety level, impaired concentration, aggression) and 
reduced cognitive control over the amount of alcohol 
consumed. These signs serve as criteria for change from 
abusive drinking behavior to the formation of a complex 
and incurable mental illness – alcoholism (5,6).

2. Toll-like receptors (TLRs)

During the last decade a large number of pattern 
recognition receptors (PRRs) have been discovered 
and intensively studied. They have been found in all 
multicellular organisms, ranging from invertebrates (e.g., 
sponges) to mammals, including humans (18). To date, 5 
families of signaling PRRs are known: Toll-like receptors 
(TLRs), C-type lectin receptors, scavenger receptors, 
Nucleotide-binding and oligomerization domain-like 
receptors (NLRs), and CARD (Caspase recruitment 
domain) helicases (18). All PRRs bind specifically 
to various molecular structures of microorganisms, 
including bacteria, fungi, viruses, and unicellular 
protozoa. PRRs specifically react to a number of plant 
substances and complex synthetic molecules. All these 
compounds serve as exogenous ligands of PRRs. PRRs 
can also respond to a number of substances from their 
own body, endogenous ligands (18).

75



www.biosciencetrends.com

BioScience Trends. 2021; 15(2):74-82.BioScience Trends. 2021; 15(2):74-82. 76

transmembrane proteins, consisting of 3 parts that differ 
in their functions. The extracellular N-terminal region, 
responsible for ligand binding, has 19-25 leucine-rich 
repeats. This is followed by a cysteine-rich transition 
region, which is responsible for the attachment of the 
receptor to membrane proteins. Finally, the cytoplasmic 
region, represents the TIR domain (Toll / IL-1 receptor), 
which interacts with TLRs and adapter proteins, 
triggering intracellular signaling cascades (18) (Table 1).
	 All subtypes of TLRs are expressed in the central 
nervous system: TLR1-TLR9 are expressed by 
microglial cells, TLR3 and TLR7-9 are expressed by 
neurons, TLR2-3 and TLR9 are expressed by astrocytes, 
and TLR2-3 are expressed by oligodendrocytes (17,34) 
(Figure 1).
	 It is important to note that TLR1-2 and TLR4-6 are 
expressed on the surface of the cytoplasmic membrane, 
while TLR3 and TLR7-13 are expressed on endosomes 
inside the cell (35,36).

3. TLR signaling cascades

All TLRs function as homo- or heterodimers: TLR2 
forms heterodimers with TLR1 or TLR6, TLR11 forms 
heterodimers with TLR12, while TLR3-5, TLR7-9, and 
TLR13 form homodimers (36). After ligand recognition 
(Table 2) TLR undergoes dimerization with formation of 
a heterodimer or homodimer, followed by conformational 
changes in the receptor necessary for the interaction of 
the cytoplasmic TIR domain with intracellular adapter 
proteins and subsequent activation of the intracellular 
signaling cascade (32).
	 The most common case includes binding of the 
TIR receptor domain of TLR to the adapter protein 
MyD88 (Myeloid differentiation primary response 88) 
(Figure 2). After that, MyD88 interacts with kinases 

	 TLRs represent the best studied family. In humans, 
10 representatives have been found, while mice have of 
13 representatives of this family (TLR1-TLR13) (18,33). 
All TLRs share a similar structure: they are integral 

Table 1. TLR adaptor proteins (modified from (53))

Receptor

TLR2/TLR1 (heterodimer)
TLR3
TLR4
TLR2/TLR6 (heterodimer)
TLR7
TLR8
TLR9
TLR11/TLR12 (heterodimer)
TLR13

Adaptor protein

Myd88/TIRAP
TRIF
Myd88/TIRAP; TRIF/TRAM
Myd88/TIRAP
Myd88
Myd88
Myd88
Myd88
Myd88

Figure 1. Expression of TLRs in cells of the central nervous system.

Table 2. TLR ligands (summarized using data from (47-53))

Receptor

TLR1
TLR2

TLR3
TLR4

TLR5
TLR6

TLR7

TLR8
TLR9
TLR10*

TLR11**

TLR12**

TLR13**

*- Found only in humans, **- found only in mice.

Exogenous ligands

Triacetylated peptides
Zymosan, diacetylated peptides, triacetylated peptides, lipoteichoic acid

Double- stranded RNA (dsRNA), poly (I:C)
Lipopolysaccharide (LPS)

Flagellin
Zymosan, diacetylated peptides, triacetylated peptides, lipoteichoic acid, 
lipoarabinoman
Imiquimod, gardiquimod, single-stranded RNA (ssRNA), miRNAs let-7, 
microRNA-21, imidazoquinoline, loxoribine, bropyrimin
Single-stranded RNA (ssRNA), ssRNA40/Lyovec, gardiquimod
DNA with unmethylated CpG oligodeoxynucleotides
Double- stranded RNA (dsRNA)
Profilin and profilin-like proteins
Profilin
Single-stranded RNA (ssRNA)

Endogenous ligands

Unknown
rHSP70, gp96, HMGB1, uric acid, hyaluronic acid, 
-synuclein
mRNA, statmin,
HMGB1, HSP60, HSP70, HSP72, hyaluronic acid, 
fibrinogen, protein S100, uric acid, heparan sulfate 
fragments, tenascin-C
Unknown
Unknown

Unknown

Unknown
Chromatin-IgG complexes
Unknown
Unknown
Unknown
Unknown
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of the IRAK family (IL-1 receptor associated kinase); 
the family consists of several enzymes: IRAK1-4 
and IRAK-M. Initially, IRAK4 is activated, and then 
IRAK1. Activated IRAK1 interacts with TRAF6 (TNF 
receptor-associated factor 6). This factor can trigger 
two signaling pathways including: (i) activation of the 
transcription factor AP-1 by MAP-kinases (mitogen-
activated protein kinases), JNK-kinases (c-Jun N-terminal 
kinases), and p38; (ii) activation of the TAK1/TAB 
(Transforming growth factor-β (TGF-β)-activated 
kinase 1/ TAK1‐binding protein) and IKK (IκB kinase) 
complex. After IKK activation, the inhibitory protein IκB 
is phosphorylated and degraded; this leads to release of 
the NF-κB dimer and its subsequent translocation into 
the nucleus, where NF-κB binds to the promoter regions 
of genes that activate and regulate the development of 
the inflammatory response. This intracellular signaling 
mechanism functions when almost all known TLRs 
(with the exception of TLR3) are activated. This 
indicates that different pathogens that activate different 
TLRs initiate a common universal pathway for the 
activation of the inflammatory response (18). The Toll/
interleukin-1 (IL-1) receptor (TIR) domain of TLR3 and 
TLR4 can interact with the adapter protein TIR domain 
containing adapter inducing IFNβ (TRIF) (37). The 
TRIF protein activates TRAF6 (TNF receptor-associated 
factor 6) and TRAF3 (TNF receptor-associated factor 3). 
This results in activation of the intracellular factor TBK1 
(TANK-binding kinase 1) followed by activation of IRF3 
(Interferon regulatory factor 3). Activated IRF3 triggers 
expression of the IFNα and IFNβ genes required for the 
development of an antiviral response (18).
	 Other adapter proteins, besides those considered 
above, required for signal transduction from certain 
TLRs have been identified. These include TIRAP protein 
(TIR-domain-containing adapter protein), which together 
with MyD88 participates in signal transduction from 
TLR2 and TLR4, but not from other TLRs (38). The 
adapter protein TRAM (TRIF-related adapter molecule), 
which interacts with TRIF, is used for signal transduction 

from TLR4 (39).
	 The activation of TLRs triggers several intracellular 
signaling pathways. This results in activation of complex 
intracellular cascades, which can cause both the 
enhancement and inhibition of the final effect of cytokine 
expression. For example, activation of TLR3 and TLR4 
can enhance expression of TLR2 on the surface of 
macrophages in a Myd88-independent manner, while 
activation of TLR7 and TLR9 induces its expression in 
a Myd88-dependent manner (40). TLR4 activation can 
positively regulate TLR2, TLR4, and TLR9 (39). Such 
regulation (TLR-TLR) often leads to an enhancement of 
the immune response, attracting more TLRs; however, 
the initial stimulating dose and the activation time of 
the second TLR involved in the process can have a 
significant impact on the immune response (18,40-43). 
In addition, different subtypes of TLRs can jointly form 
a synergistic effect or create feedback with respect to 
another TLR. Stimulation of a dendritic cell with a TLR2 
agonist counteracts the expression of IL10 and IL12, 
which is initiated by TLR3 and TLR4 agonists. TLR8 
inhibits TLR7 and TLR9, while TLR9 inhibits TLR7 as a 
result of direct or indirect interactions between them (44).

4. The role of TLRs in neuroimmune mechanisms of 
alcoholism development

Ethanol consumption promotes TLR-mediated activation 
of the innate immune system manifested by increased 
levels of pro-inflammatory signaling molecules 
(7). Among TLRs involved in the pathogenesis of 
alcoholism, researchers pay particular attention to TLR3, 
TLR4, TL7 (3-7,17, 22,45-48).
	 Increased levels of pro-inflammatory cytokines play 
an important role in the development of neurotoxicity, 
with the subsequent death of many cells in the central 
nervous system. Although microglia are considered the 
main source of pro-inflammatory cytokines in the central 
nervous system, the role of neurons in the ethanol-
induced neuroimmune signaling networks is not fully 
understood (26). The activity of TLRs depends on the 
level of exogenous and endogenous ligands by which 
these receptors are activated. Ethanol consumption is 
accompanied by an increase in the level of endogenous 
ligands, such as HMGB1 (7), heat shock proteins (49), 
proteins involved in extracellular matrix degradation (50), 
and various variants of microRNA (51-55). Endogenous 
ligands are released in response to the activation of 
the inflammatory process in the brain and during 
apoptotic cell damage in the central nervous system (3-
7). Exogenous ligands and various cytokines can be 
transported by blood to the central nervous system from 
the periphery (6).

5. The role of TLRs in the pathogenesis of alcoholism

5.1. The Role of TLR3 in the pathogenesis of alcoholism

Figure 2. Signaling cascades realizing TLRs effects.
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An increased level of TLR3 mRNA was found in 
postmortem samples of the brain's orbifrontal cortex 
from patients with alcoholism (4). Rodent experiments 
have shown that TLR3-dependent signaling affects 
the level of voluntary ethanol consumption (56,57). 
Alcoholization of mice for 10 days increased the brain 
level of TLR3 mRNA and the expression level of the 
TLR3 protein in the orbifrontal and entorhinal cortex (4).
	 A single intraperitoneal injection of a TLR3 agonist 
poly (I:C) (poly-inosine-polycytidylic acid, a synthetic 
analogue of the viral double-stranded RNA) to mice 
increased the level of voluntary ethanol consumption 
in the two-bottle choice test (ethanol solution or water); 
at the same time, the increase in the level of ethanol 
consumption developed during several days (57).
	 The study of the poly (I:C) effects on gene expression 
in the rat brain nucleus accumbens has shown that 
activation by the TLR3 agonist leads to an increase in 
the mRNA levels of TLR3, COX2 (cyclooxygenase 
2) and genes of the glutamatergic system (mGluR2 - 
metabotropic glutamate receptor 2; mGluR3; GLT1 
- glutamate transporter 1), as well as the BDNF gene 
(brain-derived neurotrophic factor). Moreover, an 
increase in the mRNA of each of these genes correlated 
with an increase in TLR3 mRNA (58).
	 The use of poly (I:C) led to an increase in the 
expression of a number of pro-inflammatory genes 
(CCL5, CCL2, IL-1b, IL-6, etc.) in the prefrontal cortex 
of the mouse brain. Under conditions of free access to 
ethanol (two-bottle choice drinking) during the peak 
activation of the pro-inflammatory response in the brain, 
the level of voluntary ethanol consumption by mice 
decreased and remained unchanged when access to 
ethanol was provided to mice with descending limb of 
activation of the innate immune system. These results 
suggest that a gradual increase in the inflammatory 
response may indirectly contribute to an increase in 
alcohol craving in mice. According to the authors (57), 
specific pathways and the balance between cytokines can 
regulate the level of craving for alcohol.
	 Using a model of 10-day alcoholization of mice 
with ethanol, it was shown that a single administration 
of the TLR3 agonist poly (I:C) resulted in an increase 
in the TRAIL (TNF-related apoptosis-inducing ligand) 
mRNA level in the orbitofrontal and entorhinal cortex 
of the mouse brain (59). Treatment of cell cultures with 
ethanol activated TLR3, which promoted release of 
IFNβ and IFNγ by neurons and astrocytes. Afterward, 
addition of poly (I:C) into the cell culture resulted in 
increased activity of the TRAIL gene. TRAIL blockage 
via neutralizing antibody led to a decrease in the levels 
of IFNβ and IFNγ in both astrocytes and neurons. The 
combined effect of ethanol and a TLR3 agonist (poly 
(I:C)) showed an increase in the levels of TNF-α, IL-1β, 
and IL-6 mRNA, as well as an increase in the levels of 
p38 and IRF3 proteins in microglial and neuronal cell 
cultures (59).

	 TLR3 mRNA and components of the TRIF-
dependent pathway were increased in the prefrontal 
cortex of mice 24 hours after ethanol withdrawal (56). 
Expression of TLR3-related components of the TRIF-
dependent pathway increased in the nucleus accumbens, 
but decreased in the amygdala. In addition, Amlexanox, 
an inhibitor of the IKKε/TBK1 complex, reduced 
immune activation of the TRIF-dependent pathway in the 
brain and decreased ethanol consumption. This suggests 
that the TRIF-dependent pathway regulates the level of 
ethanol consumption (56).
	 Decreased activity of the MyD88-dependent 
pathway correlates with decreased ethanol consumption 
and increased levels of the TRIF-dependent pathway. 
To test the mediated action of poly (I:C) via MyD88, 
female Myd88 knockout mice were used and showed 
that administration of poly (I:C) did not alter alcohol 
consumption in Myd88 knockouts, indicating that poly 
(I:C)-induced changes in alcohol consumption depended 
on the MyD88-dependent pathway (57).
	 Based on the experimental data obtained using 
various models, it can be concluded that TLR3 plays 
an important role in the pathogenesis of alcoholism; 
however, the exact mechanisms of TLR3-dependent 
signaling remain completely unclear.

5.2. The Role of TLR4 in the Pathogenesis of Alcoholism

In the context of alcoholism, most studies were focused 
on the involvement of TLR4 in the mechanisms of pro-
inflammatory signaling activation as a result of ethanol 
consumption (37,60-65).
	 A large amount of data was obtained on rats and 
mice using genetic and pharmacological manipulations 
(TLR4 knockout and antagonist use); these studies 
showed that although TLR4 activity did not regulate the 
level of ethanol consumption, subsequently consumed 
alcohol influenced TLR4-mediated signaling (61,62).
	 Ethanol consumption by mice for 2 weeks led to 
the activation of TLR4-dependent pro-inflammatory 
processes, which were characterized by the activation 
of MAP kinases and NF-κB, followed by release of 
COX-2 (Cyclooxygenase 2), iNOS (Inducible nitric 
oxide synthase), and HMGB1. The development of the 
inflammatory process under conditions of increased 
activity of these pro-inflammatory signaling molecules 
led to demyelination of axons and structural synaptic 
changes due to the damage to myelin proteins and 
synaptic proteins. Subsequently, such mice were 
characterized by impaired parameters in tests of object 
recognition, passive avoidance, and olfactory behavior 
(66). Knockdown of the TLR4 gene was accompanied 
by inhibition of the production of pro-inflammatory 
mediators, blockade of the activation of MAP kinases 
and NF-κB pathways in astrocytes (67). Tlr4 gene 
knockout mice were protected from an increase in the 
concentration of cytokines and chemokines in the brain 
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caused by prolonged consumption of ethanol (for 5 
months), while the presence of a functionally competent 
Tlr4 gene led to an increase in the concentration of 
cytokines (IL-1β, IL-17, TNF-α) and chemokines 
(MCP-1, MIP-1α, CX3CL1) in the blood and striatum 
(39).
	 It was shown that ethanol caused accumulation 
of polyubiquitinated forms of proteins in the cerebral 
cortex and promoted activation of immunoproteasomes 
and autophagolysosomes (48). Mice lacking TLR4 
receptors were protected from such changes induced by 
ethanol (64).
	 There is evidence that TLR4/MCP-1-mediated 
signaling in the amygdala and ventral tegmental area 
(VTA) predisposes rats to increased ethanol consumption. 
This signaling is supported by increased expression of 
corticotropin-releasing factor (CRF), which is capable of 
downregulating TLR4 (61). In addition, there is evidence 
that the level of MCP-1, with a simultaneous increase 
in the level of microglia activity, was increased in the 
VTA, amygdala, substantia nigra, and hippocampus of 
postmortem brain samples from patients with alcoholism 
(68).
	 It is suggested that TLR4-MyD88-dependent 
signaling mediates acute depressive disorders, which 
develop after ethanol consumption, and may also be 
involved in the regulation of GABAergic transmission 
in the central nervous system (61). TLR4 gene 
knockdown rats had a decreased level of voluntary 
alcohol consumption (60). It is suggested that this 
was associated with a decrease in the expression 
of the GABAA a2 subunit in the amygdala (60). 
Intraperitoneal administration of the TLR4 ligand, LPS 
(lipopolysaccharide), accelerated the development of 
anxious behavior in animals subsequently exposed to 
ethanol (69). Mice lacking TLR4 or MyD88 became 
less sensitive to the sedative and intoxicating effects of 
ethanol, while mice lacking TLR2 did not differ from 
control mice in these tests (69).
	 These data suggest that TLR4 may indirectly interact 
with neurotransmitter receptors (or other targets), thereby 
indirectly regulating the level of ethanol consumption.

5.3. The Role of TLR7 in the Pathogenesis of Alcoholism

In addition to the above described studies on TLR3 
and TLR4, there are a small number of studies aimed 
at studying TLR7 in the pathogenesis of alcoholism. 
For example, TLR7 expression was higher in the 
hippocampus of postmortem human brain samples (47). 
There is evidence that ethanol induces secretion of the 
TLR7 agonist (miRNA let-7b), which leads to TLR7-
mediated activation of neurodegenerative processes in 
the central nervous system (47). The effect of ethanol 
on TLR7 and let-7b was studied in a cultured section 
of the hippocampal-entorhinal cortex of rats: the tissue 
of the alcoholized hippocampus was characterized by 

increased expression of TLR7 (47). In addition, it was 
found that ethanol induced formation of HMGB1-
miR-let-7 complexes in microvesicles, which induced 
the development of a neurotoxic effect through TLR7 
activation (47). Ethanol causes an increase in TLR7 
expression and release of let-7b and HMGB1 from 
microglia. Inhibition of HMGB1 by glycyrrhizin 
prevented the development of neurotoxicity (47).
	 Findings obtained in one of the recent research 
papers attest to the fact that TLR7 may serve as one of 
their potential targets during development of treatment 
therapy options for alcoholism. The chemical mixture 
imidazoquinoline R848 and protagonist TLR7 used in 
the work, lead to a decrease in ethanol absorption with 
single dosing to Kunming mice, but prolonged activation 
of TLR7 lead to an increase in ethanol absorption. It 
is anticipated that these effects are associated with 
molecular non-responsiveness of intracellular signaling 
cascades and with the fact that the access time connected 
with signaling of constitutive immunity plays an 
important role in regulating ethanol absorption behavior. 
In addition, there is available evidence in favor of the 
fact that the peak of neuroimmune response is crucial 
for ethanol consumption-related behavior. The peak 
immune activation response results in reduced ethanol 
consumption, but ethanol consumption increases several 
hours or days after immune system activation. There are 
some suggestions that IRF7 and the genes regulated by it 
in this case may become potential targets for correcting 
ethanol consumption behavior, since Irf7 is the only 
gene that was activated after 24 hours following both a 
single dose of R848 (the TLR7 protagonist) and repeated 
injection of R848 (70).
	 Our laboratory also obtained information regarding 
the proportion of mRNA TLR7 in various cerebral 
structures of rats after alcoholization with a 20% ethanol 
solution during 1 month. In the group of prolonged 
alcoholization, there were no changes in mRNA levels 
in any of the brain structures that we studied. However, 
during the period of alcohol cessation, on the 1st day, 
there was an increased level of TLR7 mRNA in the 
hippocampus and amygdala and a decrease in the 
striatum. This data once more emphasizes the fact that 
the TLR7 mRNA level can have multidirectional changes 
not only in different cerebral structures, but also during 
different conditions of the organism. Alcohol ingestion 
and cessation of alcohol at different times serves as the 
reason for multidirectional changes in the proportion 
of TLR7 mRNA. It is important to consider this when 
searching for targets and choosing the date for beginning 
pharmaceutical correction of alcoholism (10).

6. Conclusions

Over the past 20 years, research on the role of TLRs in 
the pathogenesis of alcoholism has been focused mainly 
on two subtypes of TLRs; TLR3 and TLR4. Several 
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studies have investigated the role of TLR7. Attention 
was mainly paid to the analysis of the expression of 
these receptors, as well as the components involved 
in intracellular signaling (mainly at the mRNA level), 
mediated by the interaction of TLRs with their specific 
ligands. Most of the work was carried out on cell 
cultures and mice exposed to various models of alcohol 
intoxication. The results presented in these works 
convincingly show that TLRs mediate the development 
of a neurotoxic effect in the central nervous system when 
ethanol is consumed. Moreover, TLR signaling not only 
contributes to the development of the neuroinflammatory 
process in the brain, but is probably also involved in 
the mechanisms of regulation of the functional activity 
of neurotransmitter systems, which may contribute to 
the formation of a pathological craving for alcohol. 
However, it would be interesting to study how the TLR 
signaling components change during alcohol withdrawal 
at different withdrawal periods and how long in this 
case the neuroinflammatory process in the central 
nervous system, mediated by TLRs, persists. The level 
of cytokine expression at the protein level in the brain in 
pathological conditions caused by exposure to ethanol 
needs detailed investigation. It would also be interesting 
to investigate how the expression level of TLRs and 
components of intracellular signaling change in various 
brain structures that are primarily involved in changes 
in the course of alcohol intoxication. Understanding the 
intracellular mechanisms mediated by TLR activation 
may open up new targets for the development of effective 
drugs for the treatment of alcoholism. 
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1. Introduction

The E2F transcription factor family, a cellular factor 
required for activation of the E2 adenoviral promoter 
(1), came to the forefront of cancer research when it 
was found to be associated with and regulated by the 
retinoblastoma protein RB. There are now eight known 
subclasses of E2F proteins (2); some are considered 
"activators" and others "inhibitors" of expression (3,4). 
This makes E2F2 enigmatic and unique, and despite 
being known for 35 years, its functions remain an active 
topic of research in diverse arenas such as biochemistry, 
cell and developmental biology, and oncology.

2. Structure and regulation

E2F2 contains a winged-helix DNA binding domain 
(DBD) (5) (Figure 1), a highly conserved domain 
that contributes to dimerization, expressed from eight 
chromosomal loci to regulate the transcriptional 
activity of other genes. The E2F2 protein also contains 
multiple protein-protein interaction domains, including 
a helix-loop-helix binding domain that mediates 
heterodimerization with Sp1, resulting in synergistic 
activation of transcription (6,7). Other domains include 

a cyclinA/cdk2 binding domain, hydrophobic heptad 
repeat dimerization domain, and Rb protein binding 
domain.
	 The activity of E2F2 is controlled by acetylation 
by P/CAF, p300/CBP, or a related acetyltransferase, 
which increases the protein stability and DNA binding 
and transactivation activity of E2F2. However, this 
acetylation can be reversed by "pocket proteins" 
(i.e., the retinoblastoma protein (pRb) and Rb-related 
proteins p107 and p130) (8,9), which are regulated by 
cyclin dependent kinases (CDKs), form the CDK-E2F-
pRb complex, and take part in transcriptional activities 
(10). pRb acts as a transcriptional repressor complex by 
recruiting histone deacetylase (HDAC) and remodeling 
chromatin. During transcriptional activation of cell 
cycle progression, pRb is phosphorylated by G1 cyclin-
dependent kinase complexes (cyclinD/cdk4 and cyclinE/
cdk2) that inhibit its ability to bind E2F2, which is 
released and becomes transcriptionally active (11).
	 The dimerization domain of E2F2 mediates 
heterodimerization with a DP protein such as DP-1, DP-
2, or DP-3. This interaction is required for formation of 
functional transcription factors that can bind to DNA 
with high affinity. DP proteins were originally identified 
as binding to differentiation to regulate transcription 
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E2F transcription factor 2 (E2F2) is a member of the E2F family of transcription factors. The 
classical view is that some E2Fs act as "activators" and others "inhibitors" of cell cycle gene 
expression. However, the so-called "activator" E2F2 is particularly enigmatic, with seemingly 
contradictory roles in the cell cycle, proliferation, apoptosis, inflammation, and cell migration and 
invasion. How can we rationalize the apparently opposing functions of E2F2 in different situations? 
This is difficult because different methods of studying E2F2 have yielded conflicting results, so 
extrapolating mechanisms from an observed endpoint is challenging. This review will attempt 
to summarize and clarify these issues. This review focuses on genetic studies that have helped 
elucidate the biological functions of E2F2 and that have enhanced our understanding of how E2F2 
is integrated into pathways controlling the cell cycle, proliferation, apoptosis, inflammation, and 
cell migration and invasion. This review will also discuss the function of E2F2 in cancer and other 
diseases. This review provides a strong basis for further research on the biological function and 
clinical potential of E2F2.
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factor 1 (DRTF1). The consensus DNA-binding site 
of DRTF1 was later found to be the same as that of 
E2F2, and DRTF1 was also found to interact with Rb 
(12). Evidence is now clear that DRTF1 and E2F2 are 
the same factor (13) and that E2F proteins regulate 
complex cellular functions by forming heterodimeric 
protein complexes with a member of the DP family of 
proteins (DP-1 or DP-2).

3. Role and function

3.1. Interaction between E2F2 and cell cycle proteins

E2F2 plays a significant role in promoting the cell cycle 
(14), which is regulated by CDKs and CDK inhibitors 
(CKIs). E2F2 is often referred to as an activator because 
it transcriptionally activates certain target genes, 
such as cyclin E. Analysis of the cell cycle regulatory 
machinery has indicated that expression of E2F2 can 
greatly induce cyclin A and E while not affecting the 
expression of CKIs such as p21. For example, E2F2-
mediated expression of cyclin A and E can induce 
limited proliferation of cardiomyocytes (15,16). In 
addition, E2F2 has nuclear localization signals adjacent 
to its cyclin A-binding domain. This ensures its 
movement into the nucleus, thereby modulating E2F2 
activity in a cell cycle-dependent manner.
	 The "pRb pathway" is one of the most significant 
pathways in normal cell cycle control. Unphosphorylated 
pRb binds to E2F2 in G0/G1, forming a complex that 
actively represses E2F2-responsive genes (17). Once 
activated by mitogenic signals, CDKs phosphorylate 
pRb, p107, and p130, causing the release and 
accumulation of sequestered E2F2 (18). In many cell 
types, pRb family members play an important role in 
regulating terminal differentiation by directly controlling 
cell division through regulation of E2F-dependent 
promoters. For example, TNF-α stimulates proliferation 
of vascular smooth muscle cells by activating the Raf-
1/MEK/ERK pathway and stimulating Rb-Raf-1, 
resulting in high expression of E2F2 that regulates cell 
proliferation (19). Rb-mediated control of E2F2 creates 
complex signaling and regulatory loops. For example, 

Rb-E2F2 controls angiogenesis by regulating VEGF 
(vascular endothelial growth factor A) receptors. In a 
hypoxic environment, E2F2 is released and activated, 
ultimately regulating angiogenesis via interaction with 
hypoxia-inducible factor 1 to activate VEGF, allowing 
the secretion of VEGF and eventual interaction with 
its receptor on endothelial cells (20). Rb-E2F2 also 
regulates angiogenesis with other mediators – for 
example, p53 binds to E2F2 to form a transcriptional 
complex that inhibits VEGF expression (21).
	 Mice with targeted deletion of E2f2  exhibit 
impaired liver regeneration, and their hepatocytes 
display delayed cell-cycle entry from quiescence. In 
addition, E2F2-mediated transcription promotes adult 
hepatocyte proliferation and liver regeneration (22). 
Overexpression of E2F2 in cultured cells stimulates 
their entry into the S phase (23), indicating that E2F2 
promotes cell cycle progression. In light of this, E2F2-
responsive genes are potent transcriptional activators 
(24,25), and overexpression of E2F2 is sufficient to 
induce quiescent cells to re-enter the cell cycle (26-
28) by promoting activation of target genes that are 
important to the G1/S transition (29). Knockdown of 
E2F2 expression reduces the proliferation of glioma and 
GSCs (cancer stem-like cells), while overexpression 
of E2F2 partially reverses the inhibitory effect of Let-
7b (a member of the Let-7 microRNA family) on the 
proliferation of glioma and GSCs (30). These findings 
are consistent with the positive role E2F2 presumably 
plays in progression from the G1 to the S phase (31).

3.2. E2F2 can promote or inhibit proliferation

Current evidence suggests that E2F2 may act both as a 
suppressor and promoter of proliferation, depending on 
the cellular context (Table 1).

3.2.1. Promoting proliferation

Studies of multiple E2Fs have revealed both redundant 
and specific roles for E2F2 in proliferation. E2F1-/-

E2F2-/- T cells exhibit profound defects in homeostatic 
proliferation (31). Intriguingly, E2F2 and E2F1 double 
knockout (DKO) mice are severely impaired in all 
hematopoietic cell lineages because of defective S phase 
progression in progenitor populations (32). E2F2 is 
expressed in a cell cycle-regulated manner and is highest 
in the late G1 and S phases (33). In cultured neonatal rat 
cardiomyocytes, directed expression of E2F2, but not 
E2F1, E2F3, or E2F4, stimulates cell division without 
affecting apoptosis, indicating that E2F2 offers promise 
as a specific candidate for regenerating cardiomyocytes 
(34). Moreover, a combination of E2f1, E2f2, and E2f3 
mutations is sufficient to completely block proliferation 
of mouse embryonic fibroblasts (MEFs) (35).

3.2.2. Inhibiting proliferation

84

Figure 1. The structure of E2F2 as well as the similar structure 
of DP proteins. The highly conserved winged-helix DNA binding 
domain (DBD) is indicated in yellow, and the hydrophobic heptad 
repeat domain required for dimerization is shown in green. Other 
domains required for interaction with cyclin A/cdk2 and Rb family 
members are also indicated.
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3.3. E2F2 can promote or inhibit apoptosis

Apoptosis, the process of programmed cell death, 
occurs throughout the lifespan of multicellular 
organisms. Apoptosis acts to maintain homeostasis of 
tissues and organs by removing unwanted or damaged 
cells. Depending on the cells or tissues, E2F2 can have 
pro- or anti-apoptotic effects. Indeed, E2F2 expression 
induces apoptosis in different proliferative tissues, but 
this effect is not observed in differentiated post-mitotic 
cells. This phenomenon suggests that the regulation 
of apoptosis by E2F2 may be related to cell type and 
developmental status (Table 2).

3.3.1. Promoting apoptosis

The alternative expression or combination of any of 
the eight E2F family genes can induce strong apoptotic 
activity. This apoptosis is widely is believed to be a 
result of high levels of E2F activity because ectopic 
expression of E2F2 can induce both p53-dependent and 
p53-independent apoptosis (41).
	 p53-dependent apoptosis: Removing one allele of 
E2f2 reduces apoptosis and promotes the formation 
of Myc-driven murine T-cell lymphomas (42). 
Mechanistically, this may be due to the E2f2-dependent 

Conversely, a study has indicated that E2F1/E2F2 
transcription factors play a key role in slowing the rate 
of proliferation during terminal cell differentiation (36). 
T lymphocytes deficient in E2F2 proliferate with TCR 
stimulation. An E2F2 deficiency, or more significantly 
loss of both E2F1 and E2F2, results in increased 
proliferation of T cells in peripheral blood, which is 
consistent with a reduced threshold of antigen activation 
(37,38). In addition, hind-limb ischemia was surgically 
induced in E2F2-/- mice and their wild-type littermates; 
two weeks later, laser Doppler perfusion measurements, 
capillary density, and endothelial cell proliferation 
were significantly enhanced in E2F2-/- mice (16). Zhou 
et al. found that loss of E2F2 expression improved 
endothelial cell growth, proliferation, gene expression 
in the G1/S phase, and neovascularization after 
myocardial infarction (16,39).
	 Since E2Fs can both suppress and stimulate 
proliferation, the balance between various signal 
intensities is what determines whether cells proliferate 
or differentiate (40). In the microenvironment of the 
body, E2F-mediated control of cell proliferation results 
from the balance between repressor and activator E2F 
proteins. Therefore, E2F2 may upset this balance and 
induce different regulation of proliferation in different 
in vivo microenvironments.

Table 1. Effect of E2F2 on cell proliferation

Genotype

E2F2-/-

Elevated E2F2

E2F1-/-

E2F2-/-

E2F1-/- E2F2-/- E2F3-/-

Effect on proliferation

Increases antigen-dependent proliferation
Inhibits proliferation
Inhibits proliferation
Inhibits proliferation
Inhibits proliferation
Promotes proliferation
Promotes proliferation
Promotes proliferation
Promotes antigen-dependent proliferation
Promotes endoreduplication
Inhibits homeostatic prolifera-tion
Impairs S-phase progression
Arrests the cell cycle throughout

Cell type or tissue

T cells
Cardiomyocytes
Glioma cells
GSCs
hESCs
ECs
Adult hepatocytes
Cardiomyocytes
T cells
Exocrine pancreas
T cells
Hematopoietic progenitors
MEFs

Phenotypic consequences

liver regeneration

polyploidy, exocrine de-generation, and diabetes
T-cell lymphopenia
defective hematopoiesis, anemia, and leukopenia

Table 2. The effect of E2F2 on apoptosis

Genotype

E2F2-/-

dE2F2-/-

E2F2-/-

E2F1-/-

E2F2-/-

Effect on apoptosis

Inhibits apoptosis
Inhibits apoptosis
Inhibits apoptosis
Inhibits apoptosis
Inhibits apoptosis
Inhibits apoptosis

Promotes apoptosis
Promotes apoptosis
Promotes apoptosis

Cell type or tissue

Myc-induced T cell lymphomagenesis
cone cells
MEF
melanocytes
wing proliferative tissue of Drosophila 
peripheral nervous system of Drosophila
cardiomyocytes
melanoma cells
differentiating cells

The reason

p53-dependent apoptosis
p53-dependent apoptosis
p53-dependent apoptosis
p53-independent apoptosis
p53-independent apoptosis
p53-independent apoptosis
p53-dependent apoptosis
p53-dependent apoptosis
p53-dependent apoptosis
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Ser15 phosphorylation of P53 (43), which in cone cells 
leads to concomitant induction of the p53 targets Noxa 
and Siva. Deleting p53 in a context of elevated E2f2 
(Rb-/-) inhibits the induction of apoptosis in cone cells, 
indicating the process is p53-dependent. E2f2 also 
maintains levels of Tradd, which inhibits Trip12/Ulf-
mediated Arf ubiquitylation and degradation (44,45). 
Removing E2f2 reduces Arf levels, increases the Arf 
target Mdm2, and ultimately activates the p53 pathway 
(46).
	 p53-independent apoptosis: Rbf1, the Drosophila 
homolog of Rb, is pro-apoptotic in proliferative tissue. 
In flies, E2F2 is the main partner of Rbf1 (47). In that 
study, Clavier et al. found that dE2F2 and dDP are 
required for Rbf1-induced apoptosis. Moreover, Rbf1 
and dE2F2 reduce the expression of two major anti-
apoptotic genes in Drosophila: buffy, an anti-apoptotic 
member of the Bcl-2 family; and diap1, possibly 
encoding a caspase inhibitor. Rbf1/dE2F2 represses 
buffy at the transcriptional level, contributing to cell 
death. In addition, Rbf1 and dE2F2 upregulate HOW 
expression. HOW is an RNA binding protein involved 
in diap1 regulation. HOW is essential for cell survival 
and key to mRNA degradation (48). In summary, Rbf1 
appears to coordinate with dE2F2 and some complexes 
to downregulate the anti-apoptotic genes buffy and 
diap1, thereby promoting cell death in proliferating 
tissues (47). In Drosophila, Rovani et al. found that the 
dREAM complex, which includes dE2F2, cooperates 
with the proapoptotic factor Grim to induce cell death 
in the peripheral nervous system (49). In melanocytes, 
Raj et al. found that E2F2 binds to the Survivin (an anti-
apoptotic factor) promoter and that mutation of either 
the p53 or E2F2-binding sites within the promoter is 
sufficient to increase transcription (50).

3.3.2. Inhibiting apoptosis

Expression of E2F2 in cardiomyocytes reduces 
expression of various apoptosis-related genes, including 
p53, p21CIP/WAF, and mdm2, and it represses the 
activity of proapoptotic pathways (34). Iglesias et al. 
found that E2f1-/-/E2f2-/-DKO mice exhibited apoptosis 
of pancreatic cells and mitochondria (51,52). Providing 
insight into the mechanisms underlying apoptosis, 
typical p53 direct transcriptional target genes involved 

in intrinsic (Bax, Puma, Apaf-1, and Pidd) and extrinsic 
(Dr5) pathways are significantly overexpressed in DKO 
pancreatic samples, and disruption of p53 in E2f1/
E2f2-deficient mice prevents apoptosis and restores a 
normal pancreatic phenotype (52). Interestingly, p21 
was found to be optional for the aberrant pancreatic 
phenotype developed by cells lacking E2F1/E2F2. In 
melanoma, however, E2F2 regulates SIRT1 to inhibit 
p53-dependent apoptosis (53).

3.4. E2F2 can promote or inhibit inflammation

The function of inflammation is to eliminate the 
initial cause of cell injury, clear out necrotic cells and 
tissue damage arising from the original insult or the 
inflammation process itself, and initiate tissue repair. 
According to a recent study, E2F2 has both pro-
inflammatory and anti-inflammatory action in mammals 
(Table 3).

3.4.1. Promoting inflammation

Silencing E2F2 significantly decreases expression of the 
inflammatory cytokine IL-6 in J774A.1 macrophages 
and MES 13 mesangial cells (54). A previous gene 
chip analysis by the current authors revealed that 
expression of E2F2 is higher in synovial tissue from 
patients with rheumatoid arthritis (RA) than from 
patients with osteoarthritis (OA) (55). The current 
authors previously found that its increased expression 
contributes to the abnormal proliferation, invasion, and 
cytokine production of RA synovial fibroblasts (RASFs). 
Further research revealed that TNF-α can facilitate the 
nuclear translocation of E2F2, NF-κB can bind to the 
E2F2 promoter, and E2F2 can directly bind to the IL-6 
promoter (56). Moreover, E2F2 affects the formation 
of the STAT1/MYD88 complex by directly binding to 
STAT1 and MYD88 promoters. This, in turn, influences 
entry of STAT1 into the nucleus and activation of the 
PI3K/AKT/NF-κB pathway, which ultimately regulates 
expression of inflammatory cytokines including IL-
1α, IL-1β, and TNF-α (55). Moreover, Wu et al. 
demonstrated that E2F1/E2F2 DKO significantly 
reduces neuronal death, neuroinflammation, and 
associated neurological deficits (57), which is consistent 
with results from the current authors.

Table 3. The effect of E2F2 on inflammation

Genotype

E2F2-/-

E2F1-/-

E2F2-/-

Effect on inflammation

Inhibits inflammation

Inhibits inflammation
Promotes inflammation
Inhibits inflammation

Cell type or tissue

J774A.1 macrophages, MES 13 
mesangial cells
RASFs
T lymphocytes
neuronal cells

Mechanism

decreased let-7a 
expression
PI3K/AKT/NF-κB

Consequence

decreased IL-6 production

decreased IL-1α, IL-1β, and TNF-α production
inflammatory infiltrates
reduced neuronal death, neuroinflammation, 
and tissue damage
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3.4.2. Inhibiting inflammation

E2F2 functions as a negative regulator of the immune 
response in mice by suppressing cellular proliferation 
of activated lymphocytes. As they age, E2f2-/- animals 
develop an autoimmune disorder with features of 
splenomegaly, multiorgan inflammatory infiltrates, 
glomerulonephritis, and serum anti-DNA antibodies, 
and the animals die prematurely. In these mice, 
E2F2-deficient T cells are hyperresponsive to TCR 
stimulation, responding with increased proliferation 
to lower concentrations of ligand. Thus, low levels of 
self-ligands may be sufficient to trigger autoimmune 
disease in these mice, resulting in a dramatic, abnormal 
expansion of the CD44hi/CD69-effector/memory 
population of T cells (58).

3.5. Migration and invasion

Cell migration and invasion are central processes in 
the development and maintenance of multicellular 
organisms. Wound healing, immune response, and tissue 
formation and shaping during embryonic development all 
require orchestrated movement of cells. Cell migration 
is usually in response to specific external signals, both 
chemical and mechanical. Errors during this process have 
serious consequences, including intellectual disability, 
vascular disease, and tumor metastasis. Zhang et al. 
silenced E2F2 to suppress the migration and invasion of 
RASFs in vitro (56). Yoon et al. found that expression 
of an E2F2 mutant deficient in DNA-binding interfered 
with H-RAS dependent invasion of SUM-159 cells, 
suggesting transcriptionally active E2F2 is required for 
this process (59). Active E2F2 may promote H-RAS-
dependent invasion in part by increasing expression 
of the B4 integrin subunit, a component of the A6B4 
integrin that is known to enhance carcinoma invasion. 
Specifically, expression of E2F2 increases B4 mRNA, 
protein, and cell surface expression. These aspects link 
active H-RAS, transcriptionally active E2F2, and A6B4 
integrins in a common pathway that enhances A6B4-
dependent invasion. H-RAS also can activate E2F2 and 
A6H4 integrins through a common pathway, ultimately 
enhancing A6H4-dependent invasion.

4. E2F2 in malignancies

The effect of E2F2 on tumors cannot be ignored; it seems 
to be more inclined to promote tumor progression. There 
is scant evidence that E2F2 inhibits tumor progression 
(Table 4).

4.1. Promoting malignant tumors

4.1.1. Breast cancer

Aberrant E2F2 expression is associated with cancer 
progression and metastasis (60). Fujiwara et al. found 
that activation of the E2F2 pathway is associated 
with a lower relapse-free survival (RFS) rate in 
patients with breast cancer (61). In particular, E2F2 
expression impacts cell-matrix adhesion, with potential 
consequences for metastatic colonization during breast 
cancer (62). Moreover, levels of gene expression 
have revealed that tumors from E2f2 knockout mice 
have reduced expression of genes associated with the 
epithelial-mesenchymal transition (EMT), corresponding 
with a reduced probability of Ras activation. A study 
has found that the low likelihood of E2F2 pathway 
activation in human breast cancer is related to longer 
recurrence-free survival (61). That finding also 
illustrates the unique genetic requirements of individual 
E2Fs in mediating tumorigenesis in human breast 
cancer. Li et al. analyzed Oncomine data and found 
that E2F2 mRNA levels are higher in breast cancer (p < 
0.001) than in normal tissues (63).

4.1.2. Lung cancer

Immunohistochemical analysis of lung cancer biopsies 
from 119 patients detected E2F2 expression in 18% 
of patient samples and predominantly in patients with 
adenocarcinoma rather than squamous cell carcinoma 
(64). Sun et al. examined E2F2 transcription and data 
on the survival of patients with lung cancer using 
the Oncomine, GEPIA, Kaplan-Meier Plotter, and 
cBioPortal databases. Analyses indicated that levels of 
E2F2 expression were higher in lung adenocarcinoma 
and squamous cell lung carcinoma tissues than in 

Table 4. The effect of E2F2 on cancer

Genotype

E2F2-/-

E2F2 polymor-phisms
High E2F2 expression

E2F2-/-

Effect on cancer

Inhibits cancer

Inhibits cancer

Inhibits cancer
Alters the risk of SCCOP recurring
Promotes cancer
Promotes cancer
Promotes cancer

Type of cancer

breast cancer

lung cancer

liver cancer
squamous cell carcinoma of oropharynx
ovarian cancer
gastric cancer
lymphoma

Consequence

increased latency fewer tumors with 
EMT inhibited cell-matrix adhesion
decreases the CSC population reduces 
cell viability and colony formation

worsens overall survival
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normal lung tissues, and levels of E2F2 expression 
correlated with a tumor in an advanced stage. Moreover, 
survival analysis using the Kaplan-Meier Plotter 
database revealed that high levels of E2F2 mRNA are 
associated with a low RFS rate in the patients with lung 
cancer that were studied (65). In addition, Chen et al. 
immunohistochemically analyzed 86 non-small cell 
lung cancer (NSCLC) samples and found that E2F2 
expression was markedly increased in 62.8% (54/86) 
of samples compared to that in non-tumor lung tissue. 
Further studies have found that E2F2 expression is 
closely related to clinical stage (p = 0.039) and tumor 
size (p = 0.045). E2F2 acts as an activator in the 
progression of NSCLC and may serve as a promising 
indicator of prognosis for patients with NSCLC (66).

4.1.3. Liver cancer

Bioinformatic analysis of TCGA data revealed that the 
expression of E2F2 in HCC samples was significantly 
correlated with histological grade, clinical stage, and 
tumor status. Therefore, elevated E2F2 can be used 
as an independent prognostic marker and therapeutic 
target for liver cancer (67). Moreover, HCC tumor 
tissues exhibited overexpression of the BRD4-E2F2-
cell cycle regulation axis, and E2F2 overexpression was 
significantly associated with a poor prognosis in those 
patients with HCC (68). Thus, E2F2 overexpression 
appears to play a central role in dysregulation of the 
cell cycle in HCC.

4.1.4. Squamous cell carcinoma of the oropharynx

Li et al. investigated associations between genetic 
variants in five E2F2 promoter polymorphisms and 
the risk of recurrence of squamous cell carcinoma of 
the oropharynx (SCCOP) in 1,008 patients (69,70). 
Compared to patients with the variant E2F2 genotypes 
rs2742976 and rs3218123, patients with the common 
homozygous genotypes had better disease-free survival 
(both log-rank, p < 0.001) and lower risk of SCCOP 
recurrence (HR: 0.4; 95% CI: 0.3-0.6; and HR: 0.3: 95% 
CI: 0.2-0.5, respectively) after multivariable adjustment. 
This finding suggests that E2F2 polymorphisms may 
individually or jointly modify the risk of SCCOP 
recurrence.

4.1.5. Ovarian cancer

Xie et al. examined 308 ovarian cancer samples and 
found that E2F2 is significantly upregulated in ovarian 
cancer epithelial cells (CEPIs) (71). That study also 
indicated that increased E2F2 expression significantly 
enhances MCM4, CCNE2, and WHSC1 transcription 
in the SKOV3 and A2780 ovarian cancer cell lines. In 
addition, high levels of E2F2 and CCNE2 expression 
were associated with poorer overall survival. The 

high level of E2F2 expression offsets the effect of an 
LBX2-AS1 knockdown in ovarian cancer cells (72). 
LBX2-AS1 is a new type of lncRNA that promotes 
the progression of ovarian cancer. Therefore, E2F2 
promotes ovarian cancer.

4.1.6. Gastric cancer

miRNA chip analysis indicated that miR-31 decreased 
in gastric cancer. E2F2 is the direct target of miR-
31. E2F2 expression is up-regulated in gastric cancer 
tissues and is inversely proportional to the level of miR-
31. miR-31 plays a vital role as a tumor suppressor by 
inhibiting the expression of E2F2s (73). Bioinformatic 
analysis using multiple databases revealed that the 
level of E2F2 expression in GC tissue was significantly 
higher than that in normal tissues and that the expression 
of E2F2 was related to survival (74). E2F2 is a potential 
biomarker and therapeutic target for the treatment of 
differentially expressed genes in GC (75).

4.2. Inhibiting malignant tumors

Opavsky et al. used a bitransgenic mouse model of 
Myc-induced T cell lymphomagenesis and analyzed 
tumor progression in E2F-deficient mice (42). 
Interestingly, the targeted inactivation of E2F1 or 
E2F3 has no significant effect on tumor progression 
while the loss of E2F2 accelerates the development 
of lymphoma. The loss of a single copy of E2F2 also 
accelerates the development of tumors, albeit to a lesser 
extent. In terms of its mechanism, E2F2 acts as a tumor 
suppressor through its ability to regulate apoptosis.

5. E2F2 in other diseases

H u n t i n g t o n ' s  d i s e a s e  ( O M I M  1 4 3 1 0 0 )  i s  a 
neurodegenerative disorder characterized by movement 
abnormalities (chorea and hypokinesia), cognitive 
decline, and psychiatric symptoms, which are usually 
noticeable at ages 35-50 (76). Valcárcel-Ocete et al. 
found that presence of the E2F2 rs2742976 T allele is 
associated with onset age of Huntington's disease and 
the level of E2F2 expression. This highly significant 
E2F2 signal warrants further investigation. Moreover, 
Valcárcel-Ocete et al. speculated that a lower level 
of E2F2 expression in symptomatic patients with 
Huntington's disease could be associated with a delay 
in the age of onset (77).
	 In degenerative diseases such as Stargardt disease 
and age-related macular degeneration, the leading cause 
of blindness in the developed world, retinal pigmented 
epithelial (RPE) cell loss is followed by photoreceptor 
cell death. RPE cells can proliferate upon E2F2 gene 
transfer, suggesting an intrinsic regenerative potential. 
These findings provide proof-of-concept for an E2F2-
mediated strategy to induce in situ regeneration of RPE 
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to treat degeneration (78).

6. Conclusion and perspectives for the future

Like other members of the E2F family, E2F2 typically 
binds to the promoter region of genes to control gene 
expression, playing a vital role in controlling the cell 
cycle. Mounting data suggest that E2F2 plays different 
roles in the body and is an indispensable gene. E2F2 
is not only involved in cell cycle progression but 
also in apoptosis, inflammation, and cell migration 
and invasion. As discussed in this review, E2F2 is a 
complex molecule that can promote the proliferation 
of hepatocytes and cardiomyocytes but that can also 
inhibit the proliferation of peripheral blood T cells; 
E2F2 induces the apoptosis of cone photoreceptor cells 
but also can inhibit the apoptosis of pancreatic cells. 
These and other findings have revealed the complex 
role of E2F2 in the human body and have challenged 
the traditional view that E2F2 is consistently and solely 
an "activator" of cell cycle gene expression. This view 
does not reflect the complexity of E2F2's function in 
the human microenvironment—its function seems to 
depend on the tissue and state of development.
	 E2F2 may have the opposite effect in even the 
same phenotype or disease. Whether E2F2 promotes 
or inhibits apoptosis depends on the tissue and state of 
development. In cone cells, E2F2 promotes apoptosis, 
and this promotion is dependent on P53. The promotion 
of apoptosis by E2F2 sometimes does not depend on 
P53. In melanocytes, E2F2 can directly bind to anti-
apoptotic factors to promote apoptosis. However, 
an interesting aspect is that E2F2's anti-apoptotic 
action seems to depend on P53. Therefore, E2F2 is 
both an "activator" and an "inhibitor" of apoptosis. 
Inflammation seems to be a symptom of all diseases, so 
the effect of E2F2 on inflammation is also an issue that 
cannot be ignored. A number of studies have found that 
E2F2 can both promote and inhibit inflammation. In RA 
and neuroinflammation, E2F2 acts as an "activator" of 
inflammation to promote inflammation. However, E2F2 
acts as a negative regulator of the immune response 
in mice by inhibiting the proliferation of activated 
lymphocytes. There is, nonetheless, an interesting 
phenomenon in terms of the effect that E2F2 has on 
tumors. E2F2 is more inclined to be an "activator" 
of the development and progression of tumors. A 
large amount of the literature indicates that E2F2 can 
promote the progression of tumors such as breast, 
lung cancer, and liver cancer, but the loss of E2F2 in 
transgenic mouse models of lymphoma accelerates the 
development of lymphoma. This seems to be the only 
evidence that E2F2 acts as an "inhibitor" of tumors. 
Therefore, E2F2 acts as an "activator" of the cell cycle 
as well as an "activator" of cell proliferation, apoptosis, 
and inflammation. Because of the tissue and state of 
development, it can inhibit the cell cycle, apoptosis, 

inflammation, and other processes. In short, the role 
of E2F2 in the human microenvironment is very 
complicated. Thus, it should not be simply labeled as 
an "activator" or "inhibitor." Its effect on the biological 
activity of cells depends on the tissue and state of 
development.
	 Although modern molecular technology and 
experimental models have revealed many functions 
of the intriguing transcription factor E2F2, there is 
still much to learn about its roles in the body. Further 
research on E2F2 needs to be conducted to clarify its 
role in diseases so that its potential as a diagnostic 
and therapeutic target can be fully realized. In fact, 
numerous studies have focused on its potential 
prognostic value in different types of diseases because 
of the importance of E2F2 in both normal homeostasis 
and tissue pathologies. E2F2 is also an attractive drug 
target, particularly with regard to cancer, and we may 
yet discover that E2F2 has other valuable functions, 
warranting many more years of study.
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1. Introduction

The pandemic of SARS-CoV-2 virus infections has 
caused 113,315,218 confirmed cases of coronavirus 
disease COVID-19, including 2,517,964 deaths up 
to 28 February 2021 in the world by World Health 
Organization (WHO) (1). Despite tremendous efforts 
to prevent the spread of SARS-CoV-2 worldwide, the 
high rate of person-to-person transmission with a large 
number of deaths poses a significant threat to global 
public health (2). The mortality in several countries 
exceeded 10% in the early stage of COVID-19 
pandemic, which brought substantial economic losses 
and life threats. According to Chinese Center for 
Disease Control and Prevention, the overall mortality of 
COVID-19 patients is approximately 2.3% (3), which 

is obviously lower than Severe Acute Respiratory 
Syndrome (SARS) and Middle East Respiratory 
Syndrome (MERS) (4), however, the number of 
COVID-19 deaths is still high because of the lager 
quantity of COVID-19 patients (5). 
	 At present, the diagnosis of COVID-19 mainly 
depends on RT-qPCR-based nucleic acid testing of 
SARS-CoV-2 virus (6). Specific testing for SARS-
CoV-2 has significantly contributed to controlling this 
public health emergency and clinical practice. Further 
studies have demonstrated that the combined RT-qPCR 
detection with serological testing enhances diagnostic 
sensitivity and specificity (7). Recently new methods 
have developed to detect SARS-CoV-2 antigen(s) for 
diagnosis of acute or early infections, because SARS-
CoV-2 antigen(s) are highly expressed in the respiratory 
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SUMMARY
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radiographic progression

As the COVID-19 epidemic is still ongoing, a more rapid detection of SARS-CoV-2 infection such as 
viral antigen-detection needs to be evaluated for early diagnosis of COVID-19 disease. Here, we report 
the dynamic changes of SARS-CoV-2 viral antigens in nasopharyngeal swabs of COVID-19 patients 
and its association with the viral nucleic acid clearance and clinical outcomes. Eighty-five COVID-19 
patients were enrolled for detection of SARS-CoV-2 viral antigens, including 57 anti-SARS-CoV-2 
antibody negative cases and 28 antibody positive cases. The viral antigen could be detected in 52.63% 
(30/57) patients with SARS-CoV-2 antibody negative at the early stage of SARS-CoV-2 infection, 
especially in the first 5 days after disease onset (p = 0.0018) and disappeared in about 8 days after 
disease onset. Viral antigens were highly detectable in patients with low Ct value (less than 30) of 
SARS-CoV-2 nucleic acid RT-PCT assay, suggesting the expression of viral antigen was associated 
with high viral load. Furthermore, positive antigen detection indicated disease progression, nine cases 
with positive antigen (9/30, 30.0%), in contrast to two cases (2/27, 7.40%) (p = 0.0444) with negative 
antigen, which progressed into severe disease. Thus, the viral antigens were persistent in early stages 
of infection when virus was in highly replicating status, and viral antigen detection promises to rapidly 
screen positive patients in the early stage of SARS-CoV-2 infection.
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tract when the virus is actively replicating. For instance, 
monoclonal antibodies (mAbs) against the nucleocapsid 
protein of SARS-CoV-2 have promised a rapid antigen 
detection test (2). 
	 To validate the diagnostic significance of SARS-
CoV-2 antigen detection, here, we focused on the 
dynamic changes of virus antigen in COVID-19 
patients during the course of SARS-CoV-2 nucleic acid 
clearance and the correlation of SARS-CoV-2 antigen 
existence with clinical outcome.

2. Materials and Methods

2.1. Subjects

This study included 85 patients (≥ 18 years old) with 
COVID-19 from December 9, 2020 to January 26, 
2021, in the Shanghai Public Health Clinical Center. 
All patients were imported cases and diagnosed with 
COVID-19 according to the Eighth Edition of the 
Guidance for COVID-19 of China (5) and confirmed 
by nasopharyngeal swab nucleic acid test at the airport 
or quarantine hotels. This study was approved by the 
Ethics Committee of Shanghai Public Health Clinical 
Center (No. 2020-E142-01) and all participants 
consented.        
	 All patients were classified into anti-SARS-CoV-2 
antibody positive and negative groups based on the 
serological test of anti-SARS-CoV-2 IgG and IgM 
antibodies on admission day.  Clinical and lab data 
were collected at admission, including sex, age, blood 
cell counts of CD4+ and CD8+ T lymphocytes, CD19+ 
B lymphocyte and CD14+ monocytes, erythrocyte 
sedimentation rate (ESR), and chest Computed 
Tomography (chest CT). The participant’s histories of 
clinical and lab exams, together with the SARS-CoV-2 
viral RNA detection data, were prospectively collected.

2. 2. Detection of SARS-CoV-2 viral RNA 

Total RNA was extracted from a 200-mL sample of 
nasopharyngeal swabs using a magnetic bead-based 
nucleic acid extraction kit in a fully automated nucleic 
acid extraction instrument (Master Biotechnology, 
China) .  Dual  f luorescence  RT-PCR (Appl ied 
Biosystems 7500 Real-Time PCR Systems, Foster 
City, CA, USA) was performed according to the 
manufacturer’s instructions. Gene ORF-1ab and gene 
N of SARS-CoV-2 virus were used as target sequences 
of PCR primers, respectively. A Ct value of greater than 
40 was considered as negative detection.

2.3. Detection of SARS-CoV-2 viral antigen in 
nasopharyngeal swab specimens

As the low antigen expression in antibody positive 
cases, a rapid chromatographic immunoassay for the 

qualitative detection of specific antigens of SARS-
CoV-2 virus in human nasopharynx was performed 
in antibody negative patients on different days of 
hospitalization using Diagnostic Kit for COVID-19 
Antigen Test (Colloidal Gold) (Kehua Bio-engineering, 
China). This test device contains two antibody pre-
coated lines, the "C" (control) and "T" (test) lines on 
the surface of the nitrocellulose membrane. The C line 
was pre-coated with anti-Chicken IgY antibody and the 
T line with anti-SARS-CoV-2 antibody. Color particle-
conjugated anti-SARS-CoV-2 antibody was used as 
detector for SARS-CoV-2 antigen. During the test, 
SARS-CoV-2 antigens in the specimen interact with 
color particle-conjugated monoclonal anti-SARS-CoV-2 
antibody, forming a color antigen-antibody complex. 
This complex migrates on the membrane via capillary 
action until the test line, where it will be captured by 
pre-coated anti-SARS-CoV-2 antibody. A colored test 
line would be visible in the result window if SARS-
CoV-2 antigens are present in the specimen. The 
intensity of colored test line varies with the amount of 
SARS-CoV-2 antigen in the specimen. Color particle-
conjugated Chicken IgY was used as detector for the 
control line. 

2.4. Definitions

Based on the fact  that  some patients have no 
clinical symptoms at the time of COVID-19 disease 
confirmation, disease onset time was defined as first 
appearance of symptoms or first positive viral nucleic 
acid screening. The severity of COVID-19 was 
categorized into 4 groups according to the Chinese 
management guidelines for COVID-19 (version 8.0) 
(8): mild cases presented with mild symptoms without 
manifestation of pneumonia on imaging; moderate 
cases have fever, cough, sputum production, and other 
respiratory tract or non-specific symptoms along 
with manifestation of pneumonia on imaging; severe 
cases suffer from respiratory distress with respiratory 
frequency ≥ 30/min, SaO2/SpO2 below 94% on room 
air or a PaO2 to FiO2 ratio of 300 or lower; and critical 
cases show respiratory failure and need for mechanical 
ventilation, or shock or combination with other 
organ failure and need ICU care. Disease progression 
indicates that (9) mild or moderate disease on admission 
progressed to moderate or severe/critical disease; or 
(10) severe disease on admission progressed to critical 
disease. 

2.5. Statistical analysis

Statistical analyses were performed using SPSS 25.0 
(International Business Machines Corporation, IBM, 
Armonk, New York, USA). Non-normally distributed 
data were presented as median and interquartile range 
(IQR) as appropriate. Categorical variables were 
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type with no severe progression in antibody positive 
group. The cell counts of CD4+ T cells, CD8+ T cells 
and CD19+ B cells in antibody negative group were 
significantly lower than those in antibody positive 
group (Z = -3.469, p = 0.0005; Z = -4.119, p < 0.0001; 
Z = -3.932, p < 0.0001, respectively), whereas, the 
thyroid stimulating hormone (TSH) level in antibody 
negative group was higher than antibody positive group 
(Z = -2.525, p = 0.0116). There was no significant 
difference between the two groups in ESR (Z = -0.595, 
p = 0.5519) and CD14+ monocyte (Z = -0.463, p = 
0.6434) level (Table 1).

3.2. Comparison of SARS-CoV-2 antigen positive and 
negative groups

Among the 57 antibody negative patients, 30 patients 
(52.63%) were SARS-CoV-2 antigen positive and 
27 patients (47.36%) were negative. There was no 
difference in sex (χ2 = 0.4838, p = 0.6285), age (Z = 
-0.392, p = 0.6951), BMI (Z = -0.655, p = 0.5123) and 
disease severity on admission (χ2 = 1.233, p = 0.2174) 
between SARS-CoV-2 antigen positive and negative 
groups. Positive SARS-CoV-2 antigen detection likely 
indicates disease progression, as nine cases with 
positive antigen (9/30, 30.0%) progressed, in contrast 
to disease progression in 2 cases (2/27, 7.40%) with 
negative antigen detection (p = 0.0444). In the antigen 
positive group, there were 18 cases (18/30, 60.00%) 
with radiographic progression during the first week of 
hospitalization, in contrast to 6 of 27 cases (22.22%, 
p = 0.0068) in antigen negative group. There was no 
significant difference in levels of CD4+ T cells, CD8+ T 

expressed as counts and percentages for each category. 
The Wilcoxon rank-sum tests and Kruskal-Wallis tests 
were applied to test differences between two groups, 
Fisher exact tests or Chi-square tests were used for 
categorical variables. Multiple linear regression was 
applied to determine the relationship between outcomes 
and the exploratory factor. p < 0.05 was considered 
significant. Figures were constructed using GraphPad 
Prism 8.0.

3. Results

3.1. Comparison of antibody positive and negative 
groups

This study enrolled 85 COVID-19 confirmed patients 
who are Chinese citizens returning from Italy, Russia, 
US, UK, Nigeria and France and their age ranged from 
18 to 67 years old. Twenty-eight patients (32.94%) were 
positive for serum anti-SARS-Cov-2 IgG/IgM and 57 
patients (67.06%) were negative. The age in antibody 
positive group was older than antibody negative group 
(Z = -2.256, p = 0.0241). There was no difference in 
sex (p = 0.3434) and body mass index (BMI) (Z = 
-0.683, p = 0.4949) between the two groups. Twenty-
seven (31.76%) patients had radiographic progression 
during the first week of hospitalization, 24 of them 
(88.9%) were from antibody negative group, and 3 
of them (11.1%) from antibody positive group. As a 
consequence, 8 cases (8/24, 33.3%) progressed from 
mild to moderate type, and 3 cases (3/24, 12.5%) from 
mild to severe type in the antibody negative group, in 
contrast to 3 of 3 cases (100%) from mild to moderate 

Table 1. The comparison of the groups with positive antibody and negative antibody

Items

Gender (n,%)
     Female
     Male
Age (Median)
BMI (kg/m2)
Nasopharyngeal swab virus nucleic acid negative time*
     days of hospitalization
     days after onset
Severity on admission (n, %)
     Mild
     Moderate
     Severe
Disease progression (n, %)
     Mild to moderate
     Mild to severe
Radiographic progression (n, %)
     CD4+ cells (/μL)
     CD8+ cells (/μL)
     CD19+ cells (/μL)
     ESR (mm/H)
Peripheral blood monocyte (109/L)
TSH (μIU/mL)

Antibody (-) n = 57

23 (43.33%)
34 (56.67%)

38.0 (24.0-52.0)
22.60 (20.35-25.14)

16.0 (8.0-24.0)
20.0 (10.0-25.0)

31 (46.67%)
26 (53.33%)

0 (0)
11 (19.29%)
8 (14.03%)
3 (5.26%)

24 (42.11%)
480.0 (350.5-664.5)
344.0 (216.5-426.5)
171.0 (115.0-210.0)

27.0 (8.5-41.5)
0.570 (0.365-0.720)

2.38 (1.29-3.09)

*55 cases with negative antibody were followed up until nasopharyngeal swab virus clearance.

Statistics

-

Z = -2.256
Z = -0.683

Z = -3.173
ND

-

-
-
-
-

Z = -3.469
Z = -4.119
Z = -3.932
Z = -0.595
Z = -0.463
Z = -2.525

Antibody (+) n = 28

8 (28.57%)
20 (71.43%)

29.5 (23.0-34.8)
23.12 (21.37-26.02)

12.0 (3.0-22.0)
ND

23 (82.14%)
5 (17.86%)

0 (0)
3 (10.71%)
3 (10.71%)

0 (0)
3 (10.7%)

647.5 (539.5-808.8)
527 (362.3-639.0)

277.0 (190.3-385.0)
18.5 (9.3-33.0)

0.50 (0.423-0.593)
1.64 (1.15-2.15)

          P

0.3434

0.0241
0.4949

0.0015
     ND

0.0163

0.3707
1.0000

      -
< 0.0001

0.0005
< 0.0001
< 0.0001

0.5519
0.6434
0.0116
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cells, CD19+ B cells, CD14+ monocyte, ESR, and TSH 
between the two groups (p > 0.05) (Table 2).

3.3. Dynamic changes of serum antibody and antigen 
and virus nucleic acid in nasopharyngeal swabs 

All of the 30 cases positive for SARS-CoV-2 antigen 
detection were followed up until negative for antigen 
detection. The mean time of virus antigen disappearance 
was about 6.5(5-9) days of hospitalization or 8 (6-
11) days after disease onset (Table 2). The median 
nasopharyngeal swab SARS-CoV-2 virus RNA 
clearance time in the antibody negative group was 20 
(10.0-25.0) days after onset and 16.0 (8.0-24.0) days of 
hospitalization, which was significantly longer than that 
in antibody positive group {12.0 (3.0-22.0), Z = -3.173, 
p = 0.0015} (Table 1). The median hospitalization time 
for virus nucleic acid disappearance in nasopharyngeal 
swabs was significantly different between antigen 
positive group {19.5 days (13.3-25.0)} and antigen 
negative group {12.0 days (3.0-22.0)}(Z = -2.521, p 
= 0.0117), however, there was no difference on virus 
clearance time after disease onset (Z = -1.432, p = 
1.1520). There was also no difference in antibody 
positive time between the two groups (p > 0.05) (Table 
2). The positive rate of antigen was 57.78% (26/45) 
in 3 days, 60% (3/5) in 5 days and 0% (0/1) in 8 days 
of hospitalization (χ2 = 4.0474, p = 0.0436). After 
14 days of hospitalization, the antigen positive rate 
dropped to 20% (1/5). Taking the disease course into 

consideration, the antigen positive rate was 72% (18/25) 
in 3 days, 52.94% (9/17) in 5 days, 40% (2/5) in 7 days 
and 12.5%(1/8) after onset (p < 0.05) (Figure 1A, B). 
The viral antigen can be detected from nasopharyngeal 
swabs in 52.63% (30/57) patients with COVID-19 
antibody negative at the early stage of SARS-CoV-2 
infection, especially in the first 5 days after admission 
(p = 0.0007) (Table 4). According to follow-up data 
in 30 patients with positive antigen, the positive rate 
of antigen began to decrease gradually on the 3rd day, 
while the antibody began to appear gradually. The time 
for virus nucleic acid disappearance in nasopharyngeal 
swabs was longer than that for viral antibody and 
antigen disappearance (Figure 1C, D).

3.4. Factors related to antigen detection

A total of 35 samples, including 10 antigen negative 
samples and 25 antigen positive samples, were 
classified into three grades based on CT values of 
SARS-CoV-2 nucleic acid RT-PCR assay: less than 30, 
30-35, 35-40, and two grades by the days after disease 
onset: less than 5 days, more than 5 days. The antigen 
was highly detected in cases with less than 30 CT value 
of the gene ORF-1ab (86.96%, 20/23, p = 0.0048) or 
gene N (84.62%, 22/26, p = 0.0074) (Table 3). In multi-
analysis, the CT value of gene N (less than 30) and days 
after disease onset (less than 5 days) were positively 
correlated with the positive rate of antigen detection (p 
= 0.0018, p = 0.0018) (Table 4).

Table 2. Comparison of groups with positive and negative antigen

Items

Gender (n,%)
     Female
     Male
Age (Median)
BMI (kg/m2)
Nasopharyngeal swab virus nucleic acid negative time
     days of hospitalization
     days after onset
Antigen negative time
     days of hospitalization
     days after onset
Antibody appearance time
     days of hospitalization
     days after onset
Severity on admission (n,%)
     Mild
     Moderate
     Severe
Disease progression (n,%)
     Mild to moderate
     Mild to severe
Radiographic progression (n,%)
CD4+ cells (/μL)
CD8+ cells (/μL)
CD19+ cells (/μL)
ESR (mm/H)
Peripheral blood monocyte (109/L)
TSH (μIU/mL)

Antigen (+) n = 30

13 (43.33%)
17 (56.67%)

39.0 (24.75-56.25)
23.09 (21.03-25.98)

19.5 (13.3-25.0)
30.5 (15.3-27.0)

6.5 (5-9)
8 (6-11)

12.0 (9.0-16.0)
13.0 (10.0-17.0)

14 (46.67%)
16 (53.33%)

0 (0)
9 (30.00%)
7 (23.34%)
2 (6.67%)
18 (60.0%)

465.5 (342.5-552.0)
286 (162.8-446)
143 (113.8-207)
27.0 (10.0-38.8)
0.67 (0.40-0.76)
2.33 (1.13-2.95)

Statistics

χ2 = 0.4838

Z = -0.392
Z = -0.655

Z = -2.521
Z = -1.432

-
-

Z = -0.813
Z = 0.000
χ2 = 1.233

-
-
-
-

Z = -1.135
Z = -0.967
Z = -1.031
Z = -0.160
Z = -1.823
Z = -0.751

Antigen (-) n = 27

10 (37.04%)
17 (62.96%)

33.0 (24.00-50.00)
22.04 (19.69-24.22)

12.0 (3.0-22.0)
14.0 (5.0-23.0)

-
-

10.0 (7.8-16.3)
12.5 (9.0-17.5)

17 (62.96%)
10 (37.04%)

0 (0)
2 (7.41%)
1 (3.70%)
1 (3.70%)
6 (22.2%)

513.0 (401.5-677.3)
369 (228-420)
183 (116-219)
27.0 (8.0-47.0)
0.45 (0.35-0.66)
2.47 (1.33-3.26)

P

0.6285

0.6951
0.5123

0.0117
0.1520

-
-

0.4160
1.0000
0.2174

0.0444
0.0543
1.0000
0.0068
0.2565
0.3336
0.3026
0.8728
0.0684
0.4526
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4. Discussion

The dynamic changes of SARS-CoV-2 antigens, serum 
anti-SARS-CoV-2 antibody, SARS-CoV-2 viral RNA 
clearance, and disease progression were evaluated in 
the early stages of infection in this study. The viral 

antigens were persistent in cases after less than 5 days 
infection with high viral load. 
	 Molecular-based approaches are the first-line 
methods for diagnosis of SARS-CoV-2 acute infection. 
RT-qPCR assay of respiratory samples is the currently 
recommended method to confirm suspected cases 

Figure 1. Positive rate of antigen in different days of hospitalization or after onset. The rate in different hospitalizations is shown in (A). The 
positive rate of antigen was 57.78% (26/45) in 3 days, 60% (3/5) in 5 days, 0% (0/1) in 8 days and 20% (1/5) of hospitalization (χ2 = 4.0474, p = 0.0436). 
The rate in different days after onset is shown in (B). Taking the disease course into consideration, the antigen positive rate was 72% (18/25) in 3 
days, 52.94% (9/17) in 5 days, 40% (2/5) in 7 days and 12.5% (1/8) after onset (p < 0.05). Dynamic changes of antigen, antibody and viral RNA in 
nasopharyngeal swab of 17 antigen positive patients on the days after hospitalization (C) and disease onset (D).

‡The p value was calculated by comparison between the patients with Ct value less than 30 and those with more than 30.

Table 3. The correlation of RT-qPCR Ct value of viral RNA and antigen detection

RT-qPCR (Ct value)

- 30.0
30.0 - 35.0
35.0 - 40.0
40.0 -

Antigen (+)

20
  2
  1
  1

P‡

0.0048

Gene ORF-1ab

Antigen (-)

3
2
3
2

P‡

0.0074

Antigen (+)

20
  2
  1
  1

     Gene N

Antigen (-)

3
2
3
2

Table 4. Multiple linear regression analysis of parameters with respect to virus antigen detection

Independent variables

CT value < 30 (Gene N)
Disease course (≤ 5 days)

Coefficient

0.496
0.496

Beta

0.450
0.450

St. Error

0.137
0.137

t

3.403
3.403

P

0.0018
0.0018
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(11). However, this method is not efficient in rapidly 
screening a large number of individuals in places where 
thousands of people transit per hour. In addition, the 
accuracy of RT-qPCR depends on many factors, such 
as the sample type, stage of infection, skill of sample 
collection, and quality and consistency of the PCR 
assay (12,13). A new type of rapid diagnostic test (RDT) 
has been recently developed. It detects the presence 
of SARS-CoV-2 viral antigens in a respiratory tract 
sample, it is simple and can be completed typically 
within 30 minutes. However, recent research in 
Belgium showed that the poor sensitivity of the SARS-
CoV-2 Ag Respi-Strip leads to false negative results, 
and suggested that SARS-CoV-2 Ag Respi-Strip should 
not be used alone for COVID-19 diagnosis (14). Viral 
antigen(s) are expressed only when the virus is in an 
actively replicating stage; thus, such tests are best for 
identification of acute or early infection (15), especially 
in the first 5 days after disease onset. In comparison 
with molecular techniques, antigen detection has 
several advantages such as ease, speed, low cost and 
non-requirement of special equipment or skills (24), 
and meets the need to rapidly screen positive patients at 
early infection. 
	 Viral antigen clearance is earlier than viral RNA 
clearance after SARS-CoV-2 infection. In this study, we 
found that hospitalized patients of confirmed COVID-19 
in Shanghai were at different stages of disease, mostly 
because all of them were diagnosed by viral nucleic 
acid screening after disembarking. Some of them had 
viral antibodies in their serum, while others did not. 
We found that the median negative turning time for 
virus nucleic acid in nasopharyngeal swab was about 
16 days of hospitalization and 20 days after onset in the 
viral antibody negative group who showed longer virus 
clearance than those in the antibody positive group (12 
days of hospitalization). Viral antigen can be detected in 
52.63% (30/57) patients with anti-SARS-CoV-2 antibody 
negative from nasopharyngeal swabs in the first 5 days 
of hospitalization. When the CT value of viral nucleic 
acid RT-qPCR was less than 30, the positive rate of viral 
antigen was high either for gene ORF-1ab or for gene 
N. When the CT value was more than 30, the positive 
rate of antigen was significantly decreased. The grades 
of disease course and CT value in gene ORF-1ab may 
help to predict viral antigen detection. The continuous 
detection of viral antigen in nasopharyngeal swabs 
suggests that the antigen may disappear in about 6.5 days 
of hospitalization and 8 days after onset. According to 
the follow-up of 17 cases with antigen positive patients, 
the virus antigen disappeared earlier than both the nucleic 
acid and antibody disappearance. All of these tests may 
be helpful to estimate the stage of the disease. 
	 Positive viral antigen detection suggests disease 
in progression. We found that nine cases with antigen 
positive (9/30, 30.0%) progressed, in contrast with only 
two cases with negative antigen (2/27, 7.40%) (p = 

0.0444), which probably related to the strong immune 
response of B cells in the early stage of the disease, 
which is consistent with previous reports (16,17). An 
analysis of the correlation among factors such as CT 
value, disease course and detection of virus antigen in 
the two target genes showed that the disease course (less 
than 5 days) and CT value(less than 30) may help predict 
viral antigen detection, respectively, and the disease 
course was strongly correlated with antigen detection, 
that suggests the importance of early viral antigens 
detection.  However, there was no significant difference 
in these immune indexes between antigen positive and 
negative groups, suggesting no significant change in 
cellular immune status during the disappearance of virus 
antigen. During the outbreak of SARS-CoV-2 infection, 
serum levels of TSH, T3 and T4 in COVID-19 patients 
were significantly lower than those in controls, and  
levels of T3 were a positive correlation with the severity 
of the disease (22). In our study, we found a negative 
correlation between TSH and virus antigen clearance, 
however, positive antibody detection indicates recovery 
from illness. The levels of CD4+ T cells, CD8+ T cells 
and CD19+ B cells in the antibody negative group were 
also lower than those in antibody positive group. The 
age and the thyroid stimulating hormone (TSH) level 
in antibody negative group were higher than antibody 
negative group. This suggests that the existence of 
antibody indicates the recovery of immune function. 
	 In summary, the viral antigens were persistent in the 
nasopharyngeal place less than 5 days in early stages 
of infection and is related to high viral load, Viral 
antigen detection may be helpful to screen the positive 
patients early and rapidly.  However, the small amount 
of samples and loss of quantitative detection of viral 
antigen and virus nucleic acid in this study limited 
its value in clinic application, further multi-center 
studies are needed in the future to validate its clinical 
significance.
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1. Introduction

The minichromosomal maintenance (MCM) protein 
family consists of six related proteins that have essential 
roles in the initiation of DNA replication, elongation of 
DNA replication, and other chromosome transactions 
(1-4). MCM4 is part of the MCM2-7 heterohexameric 
complex, that has ATPase activity and serves as the core 
of the replicative helicase that unwinds duplex DNA 
and drives the progression of the replication fork (5). It 
has been recently reported that deregulation of MCM4 
can contribute to cell proliferation and tumorigenesis. 
Therefore, aberrant expression of MCM4 may be applied 
as a promising prognostic marker in several malignancies 
(4,6-10). However, there is still a shortage of studies 
exploring the correlation between MCM4 and HCC. The 
role of MCM4 in HCC remains unclear.
	 In this study, we systematically investigated the 
roles of MCM4 in HCC. We demonstrated that the 
expression level of MCM4 was negatively associated 
with the clinical stage and prognosis of HCC patients. 
Furthermore, we also revealed the functions of MCM4 in 
tumor behavior including tumor proliferation.

2. Materials and Methods

2.1. Bioinformatics analysis

The data from GTEx database and TCGA database 
were used for differential genetic analysis. Differential 
gene expression and survival analysis were measured 
using the GEPIA website (http://gepia.cancer-pku.cn) 
(11). One-way ANOVA was applied for gene expression 
analysis between cancer and non-cancerous liver tissues. 
The disease-free survival time and overall survival time 
were obtained from the TCGA public database.

2.2. Patients and samples

Following Institutional Review Board approval, 102 
patients with hepatocellular carcinoma who have been 
proved by pathology were incorporated into the study. 
Fresh samples were collected just after surgery and 
fixed in 10% formalin before embedding in paraffin 
wax. Patients' clinical and pathological data including 
age, gender, number of tumor nodes, tumor sizes and 
AFP levels were identified. All samples used were 
analyzed by experienced pathologists to ensure they 
were diagnosed as HCC. Written informed consent 
was obtained from patients before the study. We have 
also complied with the World Medical Association 

DOI: 10.5582/bst.2021.01016Original Article

SUMMARY

Keywords MCM4, minichromosomal maintenance protein family, hepatocellular carcinoma, prognostic 
marker, tumor proliferation

Hepatocellular carcinoma (HCC) remains a major public health problem. MCM4, a constitutive 
member of the minichromosomal maintenance protein family, has been reported to play a vital role 
in cancer malignancy behavior. However, the function of MCM4 in HCC remains largely unknown. 
The present study explored the specific role of MCM4 in HCC. The data from public datasets 
including TCGA and GTEx showed that MCM4 was overexpressed in HCC and significantly 
associated with poor prognosis. Immunohistochemistry results from 102 HCC patients suggested 
that high-level expression of MCM4 was correlated with tumor size. Then a series of in vivo and in 
vitro experiments were performed to investigate the function of MCM4 in HCC tumor cells. MCM4 
silencing suppressed the cell proliferation and sphere formation of hepatoma cells. Moreover, 
silencing MCM4 significantly decreased the growth of tumors in a xenograft tumor model. In 
conclusion, the results of the present study indicated that MCM4 was a potential prognostic 
predictor associated with poor outcomes of HCC patients and even a therapeutic target for HCC.
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Declaration of Helsinki involving the ethical conduct of 
research involving human subjects.

2.3. Immunohistochemistry

A standard immunoperoxidase staining procedure was 
performed. The paraffin-embedded tissues were sliced 
into 4um sections and baked at 70°C for 45 minutes. 
The sections were de-waxed in xylene and rehydrated 
in graded ethanol. Then, 0.01M citrate buffer was 
applied to repair the antigen, 3% H2O2 in methanol was 
added to the slices for 10 minutes. The tissues were 
incubated with primary anti-MCM4 antibodies (rabbit, 
Sigma-Aldrich) at a 1:500 dilution overnight. After 
washing with phosphate buffered saline, the tissues were 
incubated with goat anti-rabbit IgG at room temperature 
for 40 minutes. After DAB staining, the sections were 
counterstained with hematoxylin, dehydrated in ethanol, 
and cleared with xylene. For the results analysis, 
semiquantitative H-score was computed for each sample 
by multiplying the staining intensities (0: negative, 1: 
weak staining, 2: moderate staining, 3: strong staining) 
and distribution areas (0-100%). All samples were 
classified as high expression and low expression groups, 
respectively, according to the distribution of H-score.

2.4. Cell culture and transfection

Both human hepatocellular carcinoma cell lines (Hep3B 
and SNU-475) used in this study were purchased from 
the Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). SNU-475 was cultured in RPMI-
1640 medium while Hep3B was cultured in Dulbecco's 
modified Eagle's medium (DMEM), both contained 
1% penicillin streptomycin and 10% fetal bovine 
serum. Cells were cultured at 37°C with 5% CO2. 
Both cell lines were maintained in our institution. For 
in vitro studies, both Hep3B and SNU-475 cells were 
transfected with shRNA to silence MCM4 according 
to the manufacturer's instructions. Short hairpin RNA 
(Target sequence: AAATGCATTCTTCAGCTATCCCT 
and AAATGTTGGCATAGATATTACTG) was obtained 
from the National Core Facility for Manipulation of 
Gene Function by RNAi, miRNA, miRNA sponges, and 
CRISPR/Genomic Research Center, Academia Sinica, 
Taipei, Taiwan. The stable cell lines were verified by 
RT-qPCR and Western blot before proceeding to the 
next experiment.

2.5. RT-PCR

The total RNA derived from cells were isolated using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to protocols. After measuring the content 
by ultraviolet analysis, cDNA was synthesized from 
total RNA applying Fast Reverse Transcriptase (Tiangen 
Biotech Co., Ltd.). Quantitative PCR was performed on 

a Smart Cycler using SGExcel FastSYBR Mixture (With 
Low ROX) Plus (Sango biotech, China). To further 
analyze the real-time PCR data, we applied a comparative 
threshold cycle (Ct) method that compares differences 
in CT values between target RNA and common control 
(12). The forward and reverse primers are shown below 
(MCM4, F, 5′-TTGAAGCCATTGATGTGGAA-3′ and 
R, 5′-GGCACTCATCCCCGTAGTAA-3′; GAPDH, 
F, 5′-GAGTCAACGGATTTGGTCGT-3′ and R, 
5′-TTGATTTTGGAGGGATCTCG-3′).

2.6. Western blot

Cell samples were lysed in RIPA lysis buffer, and protein 
concentrations were determined using a BCA Protein 
Assay kit (Beijing Solarbio Science & Technology Co., 
Ltd.). Then the denatured protein (~30 µg) was loaded 
and separated in SDS-PAGE gels and transferred to a 
wet polyvinylidene membrane. After blocking with 5% 
dry milk for 1h at 37°C, primary antibodies including 
MCM4 (1:1,500 dilution, ab4461, Abcam), mouse anti-β-
actin (1:1,000 dilution, ab8226, Abcam plc, Cambridge, 
UK) were added and incubated at 4°C overnight. After 
washing with TBS with Tween-20, the membranes were 
further incubated with HRP-conjugated goat anti-rabbit 
IgG antibody (Abcam, cat. no. ab181662, 1:2,000) at 
room temperature for 1h. The blots were visualized using 
an enhanced chemiluminescence detection kit (Thermo 
Fisher Scientific, Inc.).

2.7. Colony formation array

Hep3B and SNU-475 cells were seeded and cultured on 
60mm2 plates at an initial density of 800/well, and each 
group was measured in 3 parallel wells. After 2 weeks, 
cells were washed and fixed with 10% formaldehyde for 
15 min at room temperature. The cells were then stained 
with Giemsa for 15 min. Colony numbers were counted 
by using an optical microscope.

2.8. MTT assay

Both Hep3B and SNU-475 cells were seeded and 
cultured on 96-well plates at a density of 3500 cells/well. 
The cell's proliferation capacity was measured by MTT 
(methyl thiazolyl tetrazolium) assay. 0.02mL of 5mg/mL 
MTT reagent was added into each well for 24 hours at 
37°C. The medium was replaced by 0.15mL of dimethyl 
sulfoxide (DMSO, Sigma) for 10min incubation. A 
microplate spectrophotometer (Thermo Scientific, 
Franklin, MA) was used to measure the optical density at 
570 nm. All experiments were performed in triplicate.

2.9. Tumorigenicity assay

For in vivo xenograft studies, 1×107 Hep3B cells 
transfected with MCM4 shRNA and controls were 
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of MCM4 in hepatocellular carcinoma and normal 
liver tissues by Bioinformatics analysis. Differential 
gene expression analysis was conducted from GTEx 
and TCGA database and 369 primary HCC samples 
and 160 normal liver tissues were analyzed. As Figure 
1A shows, MCM4 was significantly overexpressed in 
HCC. Moreover, we further explored the expression of 
MCM4 in serval HCC cell lines through public dataset 
(CCLE). As Figure 1B shows, MCM4 represented a 
high expression level in all five HCC cell lines. Next, 
we investigated the expression of MCM4 protein in 
HCC and normal liver tissues from 102 patients via 
IHC. Similar to mRNA expression, the expression of 
MCM4 protein was significantly overexpressed in HCC 
(Figure 1). Moreover, the positive signal of MCM4 
was mainly expressed in the nuclei of tumor cells and 
showed typical strong and weak staining (Figurer 1C). 
In contrast, normal liver tissues barely expressed MCM4 
(Figure 1D).

3.2. High expression of MCM4 correlated with 
clinicopathological variables and prognosis of HCC

To investigate the correlation between MCM4 protein 
expression status and clinical pathological characteristics 
of HCC patients, we divided HCC patients into two 
groups according to the expression of MCM4 protein. 
The associations between MCM4 protein expression 

subcutaneously injected into the left flank of 8week-old 
BALB/c nude mice (Slac Laboratory Animal Co. Ltd, 
Shanghai, China). The mice were euthanized 4 weeks 
postinjection, and the tumors were excised and fixed for 
subsequent histopathological examination and analysis. 
Meanwhile, tumor volumes were measured twice a week 
after two weeks, tumor volume = 1/2 (length × width2). 
All animal experiments were approved by the Animal 
Care and Use Committee of Tianjin Medical University 
Cancer Institute & Hospital.

2.10. Statistical analyses

SPSS.22.0 statistic software (IBM Corp.) was applied to 
analyze the data. All data are presented as the mean ± SD. 
Student's t-test was used for continuous variables, χ2 tests 
were applied to analyze categorical variables. Survival of 
patients was plotted using Kaplan-Meier method. P-value 
was two-sided and p < 0.05 was considered to indicate a 
statistically significant difference.

3. Results

3.1. MCM4 was highly expressed in hepatocellular 
carcinoma

To explore the potential roles of MCM4 in hepatocellular 
carcinoma, we first compared the mRNA expression 

Figure 1. The expression of MCM4 in human HCC cell lines and tissues. (A) The expression of MCM4 mRNA level in HCC and normal liver 
tissues. (B) MCM4 mRNA expression in the CCLE dataset. (C) Immunostaining showed high and low expression of MCM4 in HCC tissues. (D) 
Immunostaining showed negative or weak expression of MCM4 in adjacent benign liver tissues.
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and clinicopathological features are shown in Table 1. 
High expression of MCM4 protein was significantly 
correlated with larger tumor size (p = 0.043). As for 
other clinicopathological features including age, gender, 
number of tumor nodes, and AFP level, no associations 
were found (all p > 0.05). On the other hand, we 
assessed the association between MCM4 expression and 
prognosis to identify the prognostic value of MCM4 for 
HCC. Overall survival (OS) and disease-free survival 
(DFS) information were obtained from TCGA database. 
A significant correlation was found between MCM4 
expression and adverse clinical outcomes including short 
OS and DFS of HCC patients (Figure 2A and 2B).

3.3. MCM4 promotes the proliferation of HCC cancer 
cells

To understand the potential roles of MCM4 in 
malignant behavior of HCC, we inhibited the expression 

of MCM4 in HCC cancer cells. MCM4 expression was 
knocked down in both Hep3B and SNU-475 cells using 
shRNA. Both RT-PCR and Western blot results showed 
that shRNA worked as we expected, the expression of 
MCM4 was dramatically decreased in the shRNA group 
(Figure 3A and 3B).
	 Next, we tested whether loss-of-function of MCM4 
is correlated with the proliferation of HCC cells by 
MTT assay and colony formation arrays. We found 
that downregulated expression of MCM4 significantly 
inhibits the proliferation of Hep3B and SNU-475 
cells compared to controls (p < 0.05), manifested as 
decreased cell proliferation rate and colony formation 
(Figure 4A and 4B).

3.4. Downregulated expression of MCM4 suppressed 
the tumorigenicity of HCC cells in vivo

To further explore whether the role of MCM4 was 

Figure 2. High expression of MCM4 as a prognostic factor of human HCC. (A) Kaplan-Meier survival analysis of disease-free survival for 
MCM4 expression in HCC. (B) Kaplan-Meier survival analysis of overall survival for MCM4 expression in HCC.

Table 1. Relationships of MCM4 and clinicopathological characteristics in 102 patients with hepatocellular carcinoma

Feature

Age (year)
    < 60
    ≥ 60
Gender
    Male
    Female
Number of tumor nodes
    Single
    Multiple ≥ 2
Tumor size
    < 5 cm
    ≥ 5 cm
AFP (ng/mL)
    < 50
    ≥ 50

All (n = 102)

64
38

56
46

44
58

40
62

34
68

MCM4 expression

Low (n = 46)

25
21

29
17

20
26

23
23

15
31

χ2

2.527

2.243

0.004

4.088

0.020

p

0.112

0.134

0.950

0.043*

0.888

High (n = 56)

39
17

27
29

24
32

17
39

19
37
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associated with abnormal in vitro behavior and could 
translate into abnormal tumorigenesis in vivo, cells 
from the MCM4 shRNA group and control group 
were injected subcutaneously into athymic mice 
respectively. The tumor volumes were measured twice 
a week after two weeks. As the growth curve shown 
in Figure 5A, tumor growth of the shRNA group was 

significantly slower than that of the control group (p 
< 0.05). Meanwhile, we also performed IHC to detect 
the expression of MCM4 in subcutaneous tumors. 
Consistently, MCM4 expression was dramatically 
decreased in the shRNA group, which indicated that 
an effective and stable knock-down of MCM4 was 
expressed in mouse tumors (Figure 5B).

Figure 3. Stably knock down of MCM4 by 
shRNA in both Hep3B and SNU-475 cells. 
(A, B) RT-PCR and Western blot showed lower 
expression level of MCM4 in shRNA group (p < 
0.05), compared to the control group. (*p < 0.05)

Figure 4. Knock down MCM4 in HCC cancer 
cells inhibited tumor cell proliferation. (A) 
Typical images of colony-forming assay and 
its quantification demonstrated that colony rate 
of shRNA group was significantly lower than 
control group in both cancer cell lines (p < 0.05). 
(B) OD value of MTT assay suggested that cell 
proliferation rate of shRNA group was lower 
than control group in both cancer cell lines (p < 
0.05). shRNA, short hairpin RNA. (*p < 0.05)
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4. Discussion

In this study, we explored the potential role of MCM4 in 
HCC. We first showed that MCM4 was overexpressed 
in HCC tissues and high MCM4 expression represents 
a poor clinical outcome. Furthermore, we investigated 
the function of MCM4 in HCC aggression. Consistent 
with previous reports, MCM4 may be an effective 
marker and probably even a potential therapeutic target 
for malignant tumors, including HCC.
	 MCM4 is part of the MCM2–7 heterohexameric 
complex that is involved in origins of DNA replication 
prior to S phase (8). Improper replication fork 
progression can lead to stalled forks, the potential for 
incomplete DNA replication and even fork collapse 
which may lead to double strand break (DSB) formation 
(8,13). Therefore, the MCM proteins play important 
roles in maintaining genomic integrity. Deregulation 
of MCM proteins including MCM4 may contribute 
to cell proliferation and tumorigenesis. In our study, 
we demonstrated that MCM4 plays an important role 
in HCC cell proliferation. Knocking down MCM4 
significantly decreased HCC cell proliferation rate and 
colony formation. Consistent with our findings, Choy 
B et al. investigated the correlation between MCM4 
and MCM7 expression and Ki-67, Bmi1, and cyclin E 
expression in serval tumor types. They found that the 
percentage of MCM4 expression to be significantly 
correlated with Ki-67, Bmi1, and cyclin E expression 

in esophageal carcinoma and precancerous lesions (3). 
Bagley et al. (8) identified a mutant allele of MCM4 in 
a spontaneous mouse model for dominantly inherited 
T-cell leukemia/lymphoma, and this MCM4 allele 
promoted the accumulation of focal chromosomal gains 
and losses, including aberration at the Notch1 locus 
that drives the formation of T-cell leukemia/lymphoma. 
Shima et al. (9) isolated a hypomorphic mutation of 
MCM4 in a phenotype-based screen for chromosome 
instability in mice and the mutation caused exclusively 
mammary adenocarcinoma in approximately 80% 
of homozygous females. They (14) also found that 
hypomorphic alleles of the genes encoding the subunits 
of the MCM2-7 complex may increase breast cancer 
risk.
	 The current status of HCC diagnosis and treatment 
urgently requires us to investigate more underlying 
mechanisms. Plenty of studies have reported that 
aberrant expression of MCM4 can be a promising 
prognostic marker and even a therapeutic target in a 
number of malignancies (4,6-10). In our study, the data 
from public databases suggested that high expression 
of MCM4 was correlated with clinical pathological 
characters such as tumor size. Moreover, a high level of 
MCM4 was associated with poorer OS and DFS of HCC 
patients. All these results indicated that MCM4 may be 
a potential prognostic predictor, which plays a great role 
in tumor progression. Similar to our results, Huang et 
al. reported that increased expression of MCM4 might 

Figure 5. The influence of MCM4 on tumor growth of HCC 
in mice. (A) Representative images of tumors and tumor growth 
curves from both groups are shown. Tumor volumes of shRNA 
group were smaller than that of the control group (p < 0.05). (B) 
Immunohistochemistry demonstrated that the expression of MCM4 was 
dramatically decreased in mouse tumors (p < 0.05), which suggested 
a successful construction of MCM4 knock down model in mice. (*p < 
0.05)
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be associated with pathological staging and it may be a 
valuable molecular marker involved in the development 
and/or genesis of esophageal cancer (10). Using public 
databases including TCGA and The Protein Atlas (TPA) 
database, Ahluwalia P et al. identified a novel 4 gene 
prognostic signature with clinical utility in colorectal 
cancer containing MCM4 (15). Moreover, a study also 
developed a four-gene predictive model of clinical 
responses to aromatase inhibitors in breast cancer 
patients by applying MCM4 (16).
	 In conclusion, we first showed the roles of MCM4 
in HCC. Though more research is still needed to explore 
and verify the exact underlying mechanisms of HCC 
development and progression, we speculate that MCM4 
can be a prognostic marker and even a therapeutic target 
for HCC.
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1. Introduction

The current treatment regimen for patients with brain 
gliomas includes a combination of maximal safe tumor 
resection, radiation therapy, and chemotherapy after 
surgery (1). This combinatory therapy has prolonged 
patient life spans, but the increasing use of radiation 
therapy carries the risk of side effects on the surrounding 
tissues, resulting in radiation necrosis, while the adjuvant 
use of temozolomide can exacerbate this side effect (2). 
This treatment response, named "treatment necrosis", 
is difficult to differentiate from tumor recurrence, as 
these two outcomes often manifest with similar clinical 
symptoms and image appearance that characterizes a 
new contrast-enhancing lesion appearing on a patient’s 
follow-up imaging (3). Furthermore, it has also been 

found that a new contrast-enhancing lesion observed 
via imaging is neither solely necrotic tissue or tumor, 
but rather a mixture of both lesions, which adds to the 
complexity of lesion determination (4). Given that the 
treatment for these two lesions differs significantly from 
one another, differentiating treatment necrosis from 
tumor recurrence poses a diagnostic conundrum for 
many clinicians in neuro-oncology.
	 To date, histological confirmation by biopsy or 
surgical resection is still the most reliable approach for 
differentiating treatment necrosis from tumor recurrence. 
However, both methods are expensive and invasive, 
and pose an unnecessary risk that negatively impacts 
patients’ lives (5). Currently, an increased interest 
has arisen in development of numerous noninvasive 
functional imaging modalities, such as Diffusion-
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SUMMARY
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Differentiating treatment necrosis from tumor recurrence poses a diagnostic conundrum for 
many clinicians in neuro-oncology. To investigate the potential role of circulating tumor cells 
(CTCs) detection in differentiating tumor recurrence and treatment necrosis in brain gliomas, we 
retrospectively analyzed the data of 22 consecutive patients with tumor totally removed and new 
enhancing mass lesion(s) showed on MRI after initial radiotherapy. The 22 patients were finally 
classified into tumor recurrence group (n = 10) and treatment necrosis group (n = 12), according to 
evidence from the clinical course (n = 11) and histological confirmation (n = 11). All 22 patients 
received CTCs detection, and DSC-MRP and 11C-MET-PET were performed on 20 patients 
(90.9%) and 17patients (77.3%) respectively. The data of the diagnosis efficacy to differentiate 
the two lesions by CTC detection, MPR and PET were analyzed by ROC analysis. The mean 
CTCs counts were significantly higher in the tumor recurrence group (6.10 ± 3.28) compared to 
the treatment necrosis group (1.08 ± 2.54, p < 0.001). The ROC curve showed that an optimized 
cell count threshold of 2 had 100% sensitivity and 91.2% specificity with AUC = 0.933 to declare 
tumor recurrence. The diagnostic efficacy of CTC detection was superior to rCBV of DSC-MRP and 
rSUVmax in MET-PET. Furthermore, we observed that CTCs detection could have a potential role in 
predicting tumor recurrence in one patient. Our research results preliminarily showed the potential 
value of CTC detection in differentiating treatment necrosis from tumor recurrence in brain gliomas, 
and is worthy of further confirmation with large samples involved.
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weighted Imaging (DWI), MRI resonance Spectroscopy 
(MRS), MRP, PET, single-photon emission computed 
tomography (SPECT) and CT perfusion (CTP), to 
help differentiate these two lesions (6); however, the 
diagnosis efficiency is not perfect. According to a 
systematic review study, the diagnostic sensitivity 
for the two most commonly used imaging modalities, 
DSC-MRP and 11C-MET-PET, is 79.8% and 76.8% 
respectively, with a diagnostic specificity of 76.8% and 
82.4% respectively (6). It is also reported that even with 
the same imaging modality, the results are not always 
consistent (7). Unfortunately, a noninvasive and reliable 
method with high diagnostic specificity and sensitivity 
to distinguish these two lesions is still unavailable.
	 In recent years, as a major component of "liquid 
biopsies", circulating tumor cell (CTC) detection has 
been applied in monitoring treatment response in 
diverse types of solid tumors (8-10), but its application 
in brain glioma monitoring systems is quite limited. 
This was mainly due to the traditional concept that 
CTCs most originally came from the primary tumor 
and then reached the vascular compartment, but the 
specific brain environment prevented glioma cells 
from descending into the blood (11). However, this 
misconception has been corrected by several studies in 
the past three years. By using different CTCs detection 
approaches, researchers have successfully identified 
CTCs in high-grade brain gliomas (12-14). Furthermore, 
in our previous study we demonstrated that CTCs could 
be detected in all seven common pathological subtypes 
of brain gliomas, and to some extent, showed its 
superiority to rCBV of MRP in differentiating treatment 
necrosis from tumor recurrence in five patients (15). 
The previous studies have given us greater interest in 
CTC application in differentiating these two lesions, 
and we postulated that CTCs detection could provide 
a new perspective towards the diagnosis of treatment 
necrosis and tumor recurrence in brain gliomas.
	 In this regard, for the present study, a series of 
22 patients with tumor totally removed and afflicted 
with new enhancing lesions formed after radiotherapy 
(combined with or without temozolomide) on 
conventional-contrast MRI imaging were enrolled. 
Data of CTCs count, rCBV of DSC-MRP and rSUVmax 
of 11C-MET-PET before treatment planning were 
collected and the diagnosis efficacy of CTC, DSC-
MPR and 11C-MET-PET to differentiate treatment 
necrosis from tumor recurrence were compared by 
receiver operating characteristic (ROC) analysis. To 
our knowledge, this is one of the few systematic studies 
to evaluate the application value of CTC detection and 
traditional imaging in distinguishing radiation necrosis 
from tumor recurrence in brain gliomas.

2. Materials and Methods

2.1. Patients and ethics

To perform this study, a series of consecutive patients 
were retrospectively screened to be included in our 
study based on all the following criteria: i) histologically 
proven primary brain glioma at first presentation, prior 
gross total resection of tumor, and prior treatment 
with radiotherapy, with or without concurrent and 
adjuvant temozolomide treatment; ii) suspicion of 
new tumor recurrence or treatment necrosis having 
a new enhancing mass lesion(s) on the initial post- 
radiotherapy MRI as compared to the pre- radiotherapy 
MRI; iii) proof of tumor recurrence on the basis of 
direct histology (presence of as any amount of tumor), 
and proof of treatment necrosis on the basis of either 
direct histology (complete absence of tumor) or 
stability of imaging (substantial regression or stability 
of the enhancing lesions on serial follow-up MRI scans 
without additional treatment for at least 4 months) 
(16,17), and iv) all patients received CTCs detection, 
and at least one functional imaging modality (DSC-
MRP or 11C-MET-PET) before the operation, biopsy 
or arranged next follow-up period; the interval between 
CTCs detection, DSC-MRP and 11C-MET-PET exams 
was within 30 days.
	 A total of 33 patients with new enhanced mass 
lesion(s) on the initial post- radiotherapy MRI were 
screened, including 6 patients with tumor sub-totally 
removed, 4 patients without any functional imaging 
modality preformation and 1 patient lost to follow up. 
Finally, 22 patients who met the above criterial were 
included in this study.
	 In our daily clinical work, surgical operations or 
biopsies were preferred for patients suspicious of tumor 
recurrence under the following situations: i) Evidence 
supported by at least one functional imaging (MRP or 
PET); ii) Clinical symptoms could not be relieved by 
steroids or mannitol; iii) Family members’ willingness 
and doctors’ experience (especially when MRP and 
PET inspection results are inconsistent). In our study, 
for patients suspicious of treatment necrosis and were 
arranged for observation, if their image features got 
worse in the next follow-up and then received additional 
chemotherapy, these patients were excluded. Since this 
is a retrospective study, CTC detection results were 
not used as a consideration for subsequent treatment of 
patients.
	 Patients in our study were all from Beijing Tiantan 
hospital. This study was approved by the Medical Ethics 
Committee of Beijing Tiantan hospital (2017-2021) 
and written informed consent was obtained from all 
patients and healthy volunteers. To avoid bias, different 
experimental procedures in CTCs detection, including 
blood sample collection, enrichment, SE-iFISH and 
results interpretation were performed by different 
personnel. Results of DSC-MRP and 11C-MET-PET 
were analyzed by consensus interpretation of two board-
certified neuro-radiologists who were blinded to the 
tissue diagnosis. The histological result of all specimens 
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the bolus contrast injection occurring after 10 s.
	 The axial DSC images were transferred to an offline 
commercially available workstation (MAGNETOM Trio. 
A Tim System, SIEMENS, Germany) and processed 
using commercially available software (NUMARIS/4, 
syngo MRB17, SIEMENS). To analyze the cerebral 
blood volume (CBV), ROI analysis for CBV was 
performed as follows: A single contrast section containing 
the maximum diameter of the enhancing lesion was 
selected, and an ROI was manually drawn around the 
entire enhancing lesion. Areas of hemorrhage, blood 
vessels, susceptibility artifacts, and cystic or necrotic 
change were excluded. Control ROI was placed over the 
contralateral normal-appearing white matter (CBVNL) to 
calculate relative cerebral blood volume (rCBV). The 
rCBV measurements were recorded as CBVROI / CBVNL 
as previously described (16). Negative enhancement 
integral perfusion maps were reconstructed using 
standard algorithms; blood vessels, cystic/necrotic 
changes, and areas of susceptibility from hemorrhage, 
bone, or air were excluded from the ROIs.

2.4. 11C-MET-PET

11C-MET-PET images (n = 17) were performed using 
a previously described methodology (19). Briefly, PET 
imaging was performed parallel to the orbit meatal 
line. A molded plastic facemask was used to restrict 
head motion. Images were obtained by intravenous 
bolus injection of 200-550 MBq of MET. All images 
were reconstructed using a conventional filtered back-
projection algorithm, and were corrected for non-
uniformity of detector response, dead time, random 
coincidences, and scattered radiation. After fusing the 
PET and contrast-enhanced T1-weighted images using 
commercial software (Xeleris 3 Functional Imaging 
Workstation, GE, USA), each ROI was manually placed 
on the lesion (including the pixel with the highest 
accumulation), using the contralateral region of the 
normal gray matter as a reference. The uptake lesion-to-
normal tissue (Lmax/Nmax) ratios rSUVmax were calculated 
from the maximum uptake of lesions and the reference 
area as visible in11C-MET-PET.

2.5. Statistical analysis

SPSS version 22.0 and MedCalc Version 16.8.4 (a 
statistical software package for biomedical research. 
including ROC curve analysis, method comparison and 
quality control tools, https://www.medcalc.org/index.php) 
were used for statistical analyses. Data were presented 
as the mean ± standard deviation (data obeyed normal 
distribution) or median with range (data that did not obey 
normal distribution). Comparisons between treatment 
necrosis and tumor recurrence groups were performed 
using Wilcoxon rank sum tests. Diagnosis efficacy 
of CTC, MPR and PET to differentiate treatment 

was independently evaluated by three neuro-pathologists, 
with the diagnosis adhering to the WHO classification of 
CNS tumors. In our study, all patients underwent chest 
X-ray examination and blood tests routinely in our clinic, 
and those with abnormal results were not enrolled in our 
study.

2.2. CTC Subtraction enrichment and Immunostaining-
FISH

The experimental procedures for CTC subtraction 
enrichment and immunostaining-FISH were mainly 
performed as previously described (15,18), with 
the procedure for CTCs images identification and 
collection improved. In CTC subtraction enrichment 
procedures, briefly, 7.5 mL peripheral blood was 
collected and centrifuged. Solutions above RBCs were 
collected and incubated with 150 μl of anti-WBC and 
endothelial cell immunomagnetic beads for 15 min 
and were centrifuged. The resulting pellet containing 
monolayer rare cells was thoroughly mixed with 
100 μl cell fixative, followed by application to the 
formatted and coated CTC slide (Cytelligen). Next the 
immunostaining-FISH experimental procedure was 
performed. At first, samples on the coated CTC slides 
were subjected to Vysis Centromere Probe (CEP8) 
SpectrumOrange (Abbott Laboratories, Abbott Park, IL, 
USA) hybridization for 90 min using a S500 StatSpin 
ThermoBrite Slide Hybridization/Denaturation System 
(Abbott Molecular, Des Plaines, IL, USA), followed 
by incubation with Alexa Fluor 594 conjugated 
monoclonal anti-CD45, anti-GFAP (BD, USA). CTC 
is defined as DAPI+, CD45-, and heteroploidy CEP8 
signal.
	 In our previous study, images of the CTCs were 
collected using a fluorescence microscope and visually 
identified by a pathologist. In this study, this procedure 
was improved so that images of the tumor cells were 
identified by a Zeiss Metafer-iFISH automated CTCs 
scanning system (Zeiss and MetaSystems, Germany, 
Cytelligen, USA).

2.3. DSC-MRP

MRI scans (n = 20) were performed using 3.0-T 
magnets (Trio, SIEMENS, Germany). DSC sequences 
were acquired using 5-mm slice thickness and 1.5-
mm gap, and were obtained using gradient-echo echo-
planar images (repetition time/echo time = 1400/32 ms, 
matrix 320 × 320, flip angle 90°, number of slices 19). 
A standard dose (0.2 mL/kg of body weight, maximum 
dose 20 mL) of gadopentetate dimeglumine (BEILU 
Pharmaceutical CO. LTD, Beijing, China) contrast 
was injected though a peripheral Angiocath (22 gauge) 
using 5 mL/s and immediately followed by a 20-ml 
saline flush at the same rate. Then multi-section image 
data were acquired every second for a total of 75 s, with 
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necrosis from tumor recurrence were evaluated by ROC 
analysis. Optimal threshold values of CTCs count, 
rCBV and rSUVmax were obtained by AUC analysis 
derived from ROC curves, to maximize the sum of 
sensitivity and specificity. In this study, p < 0.05 was 
considered statistically significant.

3. Results

3.1. Clinical characteristics, final diagnosis and 
grouping of these 22 patients

The authors identified 22 patients (12 males and 10 
females, median age: 41 years, range from 31 to 55) 
who fulfilled the study criteria. All 22 patients received 
CTCs detection, and DSC-MRP and 11C-MET-PET 
were performed on 20 patients (90.9%) and 17 patients 
(77.3%) respectively. These 22 patients were divided 
into two groups, a tumor recurrence group (n = 10) 
and a treatment necrosis group (n = 12), according 
to evidence from the clinical course (n = 11) or 
histological confirmation (n = 11). Typical images of 
these two patient groups are shown in Figure 1.
	 In these two groups, no significant difference of 
the patients’ baseline was observed. The mean age in 

the tumor recurrence and treatment necrosis group was 
45.1 ± 5.28 and 39.8 ± 7.51 years respectively, and 
no significant difference (p = 0.073) was found. The 
sex distribution (male/female) of tumor recurrence 
and treatment necrosis group was 1.5:1 and 1:1 
respectively, with no significant difference observed 
(p = 0.639). The ratio of high/low grade gliomas 
was 8:2 and 8:4 in tumor recurrence and treatment 
necrosis group respectively, which also revealed no 
significant difference (p = 0.481). The mean interval 
from radiotherapy was 12.2 ± 8.95 months (range: 3-29 
months) in the tumor recurrence group and 13.9 ± 14.5 
months (range: 3-37 months) in the treatment necrosis 
group, and no significance was observed (p = 0.748). 
Details on the patients’ clinical characteristics are 
summarized in Table 1.

3.2. CTCs detection

Figure 2 A-E shows a CTC enriched from peripheral 
blood in one patient with GFAP positively expressed. 
A large strong polyploidy (≥ 5 copies) chromosome 8+ 
and CD45- CTC was observed, with GFAP positively 
expressed. WBCs surrounding CTC were diploid in 
chromosome 8, and stained positively for CD45. Figure 

Figure 1. Typical images of 3 patients finally diagnosed as TN and TR. (A-E): 1 patient (No. 3 in table 1, CTC counts was 0) was finally 
diagnosed as treatment necrosis. (A) Enhancing MR image after gross total resection. (B) Enhancing MR image after completion of first radio-
chemotherapy. (C) Simultaneous DSC-MRP showed hypoperfusion in the enhancing lesion. (D) Simultaneous 11C-MET-PET showed hypo 
metabolism in the enhancing lesion. (E) Enhancing MR image after 9 months’ follow-up period, the enhancing lesion was significantly decreased. 
(F-O):1 patient (No. 4 in table 1, CTC counts was 3) was finally diagnosed as tumor recurrence (F-J) and 1 patient (No. 12 in table 1, CTC 
counts was 1) was diagnosed as treatment necrosis (K-O) respectively. (F, K) Enhancing MR image after gross total resection. (G, L) Enhancing 
MR image after completion of first radio-chemotherapy. (H, M) Simultaneous DSC-MRP showed hyperperfusion in the enhancing lesion. (I, 
N) Simultaneous 11C-MET-PET showed hyper metabolism in the enhancing lesion. (J, O) Pathological findings of tumor recurrence (J) and 
treatment necrosis (O) after the subsequent surgery (HE, 10×10).
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2 F-J shows 1 CTC detected with GFAP negative 
expressed from the same patient. In our study, CTCs 
were found with GFAP positively expressed in only 
1 patient (total 5 cells, 1 cell with GFAP positively 
expressed and 4 cells with GFAP negatively expressed), 
similar to our previous results.
	 No CTC was detected in 20 healthy volunteers. In 
22 patients, results of CTCs detection revealed that the 

mean CTCs count were significantly higher in tumor 
recurrence group (6.10 ± 3.28), compared to treatment 
necrosis group (1.08 ± 2.54, p < 0.001), as shown in 
Figure 3. An optimized CTCs count threshold of 2 had 
100% sensitivity and 91.2% specificity with AUC = 
0.933 to declare tumor recurrence. ROC curves are 
shown in Figure 4A; the diagnostic results of ROC are 
shown in Table 2.

Table 1. Characteristics and diagnosis of 22 patients who underwent CTCs detection, DSC-MRP and 11C-MET-PET

No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Age (years)/Sex

55/F
 45/M
 41/M
45/F
41/F

 31/M
 41/M
 53/M
46/F

 40/M
40/F
34/F
31/F

 36/M
 41/M
39/F

 39/M
 47/M
37/F

 40/M
55/F

 53/M

Abbreviations: A, astrocytoma; AA, anaplastic astrocytoma; AO, anaplastic oligodendroglioma; AOA, anaplastic oligoastrocytoma; AVM, 
nimustine, vincristine and methotrexate; Bio, biopsy; Cl, clinically diagnosed; GBM, glioblastoma multiforme; KPS, Karnofsky performance 
scale; OA, oligoastrocytoma; Pa, pathologically diagnosed; Res, surgical resection; RT, radiotherapy; TMZ, temozolomide; TN, treatment 
necrosis; TR, tumor recurrence.

Adjuvant
Thera-py/Interval from 

RT(month)

  TMZ/17
  TMZ/13
TMZ/3
TMZ/6
TMZ/7
TMZ/4

  None/21
TMZ/3

  TMZ/29
  None/20
  TMZ/37
  TMZ/10
  TMZ/21
None/4
AVM/7

  None/47
  None/11

TMZ/3
TMZ/3

  TMZ/15
TMZ/6
TMZ/5

Primary
diagnosis

OA
GBM
GBM
GBM
GBM
AOA
OA
AO
AA
A

GBM
AA

AOA
A

OA
OA
AA

GBM
GBM
GBM
GBM
GBM

KPS

90
90
90
70
90
80
80
90
80
90
90
90
90
90
90
90
90
80
90
70
70
80

CTC
counts

  0
  2
  0
  3
  3
  0
  5
  0
  8
  5
  0
  1
  9
  0
  1
  1
  1
10
  0
  8
12
  5

TR or TN
by Cl/ Pa
(Bio/Res)

TN(Cl)
TR(Pa, Res)

TN(Cl)
TR(Pa. Res)
TR(Pa, Res)

TN(Cl)
TR(Pa, Res)

TN(Cl)
TR(Pa, Res)
TR(Pa, Res)

TN(Cl)
TN(Pa, Res)

TN(Cl)
TN(Cl)
TN(Cl)
TN(Cl)
TN(Cl)

TR(Pa, Res)
TN(Cl)

TR(Pa, Bio)
TR(Pa, Bio)
TR(Pa, Bio)

DSC

rCBVROI

0.66
2.38
0.52
2.27
2.07
2.67
2.43
0.85
0.65
2.01
0.61
2.44

no exam
0.48
0.57
0.44
0.48
2.18

no exam
2.58
0.86
0.55

MEG-PET

rSUVmax

no exam
3.00
0.76
3.83
3.80
1.82
3.70
1.71
1.93
4.00
3.94
3.29
2.20

no exam
no exam
no exam

2.50
no exam

2.61
4.80
2.43
5.70

Figure 2. Characteristics of a CTC with GFAP expressed in the peripheral blood of one glioma patient. (A-D) CTC observed was FISH+ 
(polyploidy chromosome 8, orange, A) /GFAP+(green, B) / CD45- (red, C) and DAPI+ (blue, D). (E) Four images emerged. WBCs surrounding 
CTC were diploid in chromosome 8, and stained positively for CD45, without GFAP expressed. (F-J) Image of a CTC without GFAP expressed 
in another patient.
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3.3. DSC-MRP

Results of DSC-MRP showed that the mean rCBVROI 
was higher in tumor recurrence group (1.80 ± 0.79), 
compared to treatment necrosis group (0.96 ± 0.82, p = 
0.031). An optimized rCBVROI threshold of > 0.85 had 
80% sensitivity and 80% specificity with AUC = 0.770 
to declare tumor. ROC curves are shown in Figure 4B; 
the diagnostic results of ROC are shown in Table 2.

3.4. 11C-MET-PET

Results of 11C-MET-PET showed that the mean 
rSUVmax was higher in tumor recurrence group (3.69 
± 1.15), compared to treatment necrosis group (2.35 ± 
0.98, p = 0.022). An optimized rSUVmax threshold of > 
3.29 had 66.7% sensitivity and 87.5% specificity with 
AUC = 0.806 to declare tumor. ROC curves are shown 
in Figure 4C; and the diagnostic results of ROC are 
shown in Table 2.

3.5. CTCs detection could predict tumor recurrence in 
one of these 22 patients

A 40-year-old male suffering from a severe headache 
was admitted to our hospital and MR imaging showed 
an enhanced mass lesion in his left temporal lobe. The 
patient received surgical resection and was diagnosed 
with glioblastoma multiform (GBM) through histology. 
The tumors were completely removed and no enhancing 
lesion was observed on MRI imaging after the operation 
was complete (Figure 5A). After surgery, the patient 
was arranged to undergo radio-chemotherapy, with a 
total radiation dose of 6000 cGy to the extended local 
zone using the hyper-fractionated method. Follow-up 
MR imaging revealed a new enhancing lesion in the left 
hippocampus six months later (Figure 5B). Although 
a chemotherapy plan was suggested, the patient did 
not experience any clinical discomfort, and refused to 
receive any anti-tumor treatment. During the follow-
up periods no obvious symptoms were detected, and 

Figure 3. Box-and-whisker plots for CTCs counts, rCBV value and rSUVmax value in TR (tumor recurrence) and TN (treatment necrosis) 
group.

Figure 4. Roc curve associated with CTCs detection, DSC-MRP and 11C-MET-PET to differentiate tumor recurrence from treatment 
necrosis.

Table 2. Comparison of diagnostic results of CTCs detection, DSC-MRP, 11C-MET-PET in diagnosis of tumor recurrence 
in 22 patients

variables

Sensitivity (%)
Specificity (%)
Positive predictive value (%)
Negative predictive value (%)
Accuracy (%)

rCBV (n = 20)

80. 0
80. 0
80. 0
80. 0
80. 0

 CTCs counts (n = 22)

100. 0
 91.7
 90.9
100. 0
 95.5

rSUVmax (n = 17)

66.7
87.5
85.7
70. 0
76.5
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nine months later, the next MR imaging revealed 
that the enhancing lesion had significantly decreased 
(Figure 5C). This development suggested a diagnosis 
of treatment necrosis. To our surprise however, four 
CTCs were detected in his blood, which was higher 
than our previous experience in the treatment necrosis 
group. Given that no clinical symptoms were observed 
with better features on MRI imaging, the patient did 
not receive any anti-tumor treatment but was asked to 
follow up. Unfortunately, three months later, the patient 
was once again admitted to our hospital for memory 
loss and a continuous headache. MR imaging showed 
that the enhancing lesion had significantly increased 
(Figure 5D). Simultaneous DSC-MRP and 11C-MET-
PET demonstrated the higher rCBV (Figure 5E) and 
rSUVmax (Figure 5F) in the enhancing lesion, and CTCs 
detection showed that the CTCs counts increased 
to eight (patient No. 20 in Table 1). A biopsy was 
performed and histological examination resulted in a 
diagnosis of tumor recurrence (Figure 5G).

4. Discussion

Numerous studies have investigated the roles of different 
functional imaging modalities in differentiating treatment 
necrosis from tumor recurrence (6,20,21). In 2013, 
Komotar conducted a systematic review to explore the 
value of a variety of functional imaging modalities, 
including MRS, ASL MRI (arterial spin-labeled MR 
imaging), DSC-MRP, CTP, SPECT, 18F-FDG-PET and 
11C-MET-PET, in the diagnosis of treatment necrosis 
and tumor recurrence, but most of the results were 

disappointing because a high sensitivity and specificity 
could not be achieved concurrently in one modality. 
Of the explored modalities, SPECT has the potential 
to be the best modality, but low spatial resolution and 
tracer uptake in normal tissues of the choroid plexus 
and pituitary gland have limited its clinical application 
(6). More importantly, reported results achieved by 
the same modality are sometimes inconsistent. For 
example, Tsuyuguchi reported that the sensitivity 
and specificity of 11C-MET-PET in differentiating 
treatment necrosis from tumor recurrence were 100% 
and 60%, respectively (22). While Kim’s study, in 
contrast, reported that the sensitivity and specificity 
of 11C-MET-PET were 75% and 100%, respectively 
(19). Concerning another commonly used parameter, 
rCBV in MRP, the diagnostic efficacy in differentiating 
treatment necrosis from tumor recurrence is also quite 
variable. Sugahara and Huang reported the sensitivity 
of rCBV for detecting tumor recurrence was 50% and 
56%, respectively (23,24), while Matsusue and Mitsuya 
reported sensitivity of 90% and 100% respectively 
(25,26). A variety of reasons could explain this 
phenomenon: the inherent limitation of each functional 
imaging modality, the usual overlap imaging features 
of the two lesions, and the subjective bias involved 
in data analysis procedures. Thus far, insufficient and 
inconsistent diagnostic efficacy, together with high 
operational costs and low insurance coverage, has 
limited their clinical application, which needs further 
evaluation to establish their reliability and robustness in 
differentiating these two lesions.
	 In our study, 22 patients were divided into tumor 

Figure 5. An illustrative case indicating the predictive role of CTCs detection in tumor recurrence. (A-D) Contrast axial T1-weighted 
image: (A) After gross total resection, there is a surgical cavity without enhancement. (B) After completion of radio-chemotherapy, there is a new 
enhancing mass lesion on the initial post- radiotherapy MRI. (C) Nine months later, MR imaging revealed that the enhancing lesion decreased. 
(D) Three months later, MR imaging showed that the enhancing lesion finally significantly increased. (E) Simultaneous DSC-MRP showed hyper 
perfusion in the enhancing lesion. (F) Simultaneous 11C-MET-PET showed hyper metabolism in the enhancing lesion. (G) Pathological findings 
of tumor recurrence of GBM after biopsy (HE, 10×10).
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recurrence group (n = 10) and treatment necrosis group 
(n = 12), according to evidence from the clinical course 
(n = 11) or histological confirmation (n = 11). Only half 
of these patients’ diagnoses were proven by histological 
confirmation, because treatment necrosis was mostly 
proven by clinical course (11 patients), with only 1 
patient proven by histological result after surgery. This 
is mainly due to the very strict and complex surgical 
indications for these patients (described in material 
and methods section below); but even to do this, 
there was still one patient who was operated on and 
diagnosed with treatment necrosis finally, suffering left 
hemiplegia after. Another reason is that although biops 
were performed in many neurosurgery centers, in our 
institute this was not widely used.
	 It has been demonstrated in recent years that CTCs 
detection in the blood via so-called "liquid biopsies" has 
an important clinical translational value for its direct 
biological reflection of tumor microenvironments, 
without the need for repeated neurosurgical procedures 
with inherent risk of patient morbidity (8-10,27-30). But 
related studies of CTCs application in CNS malignancies 
are quite limited. In the recent three years, a few studies 
have successfully isolated CTCs in patients of both 
primary and recurrent GBM and diffuse glioma, which 
initiated related studies in brain gliomas (12-14). In 
2014, Dorsey noticed that sequential CTCs counts 
increased and decreased in 2 patients later diagnosed 
with "tumor recurrence" and "Pseudo recurrence", 
respectively. Our previous study further confirmed 
that CTCs could be detected in all 7 common subtypes 
of primary brain gliomas, and to some extent, has 
superiority to MRP in identification of treatment 
necrosis or tumor recurrence in 5 patients (15). Due to 
the quite distinct tumor microenvironment of treatment 
necrosis and tumor recurrence, we postulated that CTCs 
counts of these 2 lesions could be significantly different, 
which should be proven by in a systematic study with 
a larger sample size and include common functional 
imaging modalities for comparison purposes.
	 Since the detection of CTCs in the blood of glioma 
patients was initiated recently, the technology adopted 
in each institution was different. The earliest method 
used to find CTCs was based on the detection of tumor 
cell surface specific markers such as GFAP. Muller et 
al. identified CTCs in blood from 29 of 141 (20.6%) 
GBM patients by immunostaining of GFAP and stated 
that CTCs are an "intrinsic property" of GBM biology 
(14). However, GFAP expression is not totally restricted 
to glial cells (31,32), and more importantly, some tumor 
cell markers lost their expression in blood. For example, 
it was reported that CK18, the dual epithelial marker 
and tumor biomarker, was positive in only 14% of lung 
and 24% of esophageal CTCs, respectively (18). In this 
study, the methodology we applied for CTCs detection 
was similar to our previous study, which was initially 
reported by Ge et al. in 2015, who has first detected 

glioma tumor cells in CSF, based on polyploidy of 
chromosome 8 examination by CEP8-FISH (18). We 
choose this protocol because compared to surface 
markers, aneuploidy, or abnormal chromosome content, 
could be the more common and stable marker of human 
solid tumors, for its characteristics that contribute to, 
or even drive, tumor development (33). Numerous 
studies have demonstrated the aneuploidy chromosome 
in many solid tumors; concerning brain glioma, it is 
also reported that polysomy of chromosome 8 could be 
found in CGH array results of 172 patients with GBM 
in a TCGA dataset, with a highest frequency of about 
30-40% in one subgroup (34). In our previous study, we 
also demonstrated that chromosome 8 polyploidy cells 
generally existed in glioma specimens (15), providing 
the feasibility of CTCs detection based on aneuploidy 
chromosome.
	 Different from our previous study with CTCs 
detect ion in brain gl iomas not  t reated,  CTCs 
detection were performed in 10 recurrent gliomas 
after radiotherapy, and results showed that the CTC 
incidence was 100%, higher than our previous results 
(with CTC incidence of 77%). We speculated that 
the high incidence could be mainly due to the blood-
brain barrier disruption after radio-chemo therapy (this 
is also the mechanism of the enhancing features of 
MRI), which could facilitate tumor cells entering the 
circulation. However, immunostaining results showed 
that only one patient was found with GFAP positive 
expressed, which was consistent with our previous 
results (15). Although the mechanisms of how GFAP 
expression was lost in the blood is still unknown, the 
present study has demonstrated the higher feasibility 
of CTCs detection in gliomas after radiotherapy, which 
could yield great potential for brain gliomas monitoring 
and treatment planning.
	 In our results, the sensitivity and specificity of 
rCBV and 11C-MET-PET in differentiating treatment 
necrosis from tumor recurrence were consistent with 
the findings of previous studies. CTCs counts were 
significantly different in the treatment necrosis and 
tumor recurrence groups, and by setting a cut-off value 
of 2, the ROC curve results showed that CTCs detection 
had a superior diagnostic efficacy compared to DSC-
MRP and 11C-MET-PET. The different CTCs counts 
in treatment necrosis and tumor recurrence groups 
did meet our expectations because it is reasonable to 
suppose that the tumor burdens of these two lesions 
are quite different. However, the result obtained using 
the cut-off value of 2, rather than a cut-off of 0, was 
quite surprising. In this study, tumors were gross totally 
removed in all patients, and those patients with sub-
totally removed tumors were not included, due to 
the unclear assumption about the difference in CTCs 
counts between recurrent tumor and residual tumors 
after surgery. Our results showed that even with visible 
surgical total resection on MRI imaging, CTCs were 
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still positive in four patients (with CTCs counts of 1). 
The results were consistent with the phenomenon that 
a new contrast-enhancing lesion observed via imaging 
is neither solely necrotic tissue nor tumor, but rather a 
mixture of both lesions. The present results demonstrate 
an advantage of CTCs detection in effective diagnosis 
of treatment necrosis and tumor recurrence, which is 
largely due to its direct reflection of the brain tumor 
environment after combined clinical treatment, rather 
than the indirect manifestation and computational 
results used by imaging modalities.
	 Beyond its application in differentiating treatment 
necrosis from tumor recurrence, our results could have 
additional illuminating indications. At first we wonder 
whether CTCs counts could have some prognostic 
effects in brain gliomas recurrence. In our study, we 
noticed that one patient (case 20) had 4 CTCs, but the 
enhancing lesion on MRI imaging decreased compared 
to the first enhancing lesion after radiotherapy. 
However, the enhancing lesion increased subsequently 
and tumor recurrence was finally confirmed three 
months later. The most likely explanation of this 
phenomenon is the usual overlap features of treatment 
necrosis and tumor recurrence on imaging, and the 
different evolution of treatment necrosis and tumor 
recurrence in the same enhancing lesion. Since several 
studies have shown a predictive role of CTCs count in 
tumor recurrence in other non-CNS tumors (10,35,36), 
we supposed that even in the same treatment necrosis 
group, those patients with different CTCs counts could 
have different prognoses, which would be proven 
during the next follow-up. Furthermore, we believe that 
the essential goal of differentiating treatment necrosis 
from tumor recurrence is not the "diagnosis" itself, but 
developing a "treatment plan" for the patient. Therefore, 
whether sequential CTCs detection in those patients 
should be performed and whether the treatment should 
be individually modified according to the sequential 
CTCs count still needs further study. Since this is the 
first step toward investigating the translational value 
of CTCs detection in brain gliomas, these interesting 
questions might be even more meaningful than the 
diagnostic result itself.
	 To date, histological confirmation is still the gold 
standard for differentiating treatment necrosis from 
tumor recurrence, but its sampling error and observer 
variability limitations make it an imperfect method. 
Furthermore, even in the case of treatment-related 
necrosis, areas with tumor cells are often present 
between large areas with necrosis, and it is very 
difficult to verify whether these tumor cells are still 
viable (37). Compared to histology, CTCs detection 
could reflect the invisible tumor status directly, and 
its continuous value could provide more information 
than the very rigid 2-group division used in histology. 
Besides its accurate diagnostic efficacy, CTCs detection 
has other advantages over imaging modalities. First, 

only a 7.5 mL blood sample was collected, and the 
experimental time requirement for patients was much 
shorter. Second, in our study, CTCs were identified 
by an automated CTC scanning system, which made 
our results more objective and reproducible. Lastly, 
compared to most functional imaging modalities, CTCs 
count is an absolute number, not a relative ratio, which 
could make the monitoring process more accessible. 
Considering the above advantages, we believe, as a new 
biomarker that directly comes from brain tumors (visible 
or invisible on imaging), CTCs detection could be a 
reliable tool for differentiating treatment necrosis from 
tumor recurrence, which both have very different tumor 
burdens.
	 Additionally, in our study, some patients’ intervals 
from radiation therapy had a value of within 6 months. 
In a popular opinion, for the gliomas after radiation 
therapy, the radionecrosis often occurs in the late stage 
of radiation damage, which is over 6 months’ after 
radiation therapy, and pseudo progression often occurs 
within 3 months after radiation therapy. Therefore, 
it is relatively easy to cause conceptual confusion of 
the generalized term "treatment necrosis". In fact, 
we initially wanted to change "treatment necrosis" 
to "treatment response" or "treatment effect". After 
serious consideration, we decided to proceed with the 
term "treatment necrosis." The underlying reasons 
are: on the one hand, compared with "treatment 
response" and "treatment effect" – which are too 
wide in scope – "treatment necrosis" describes our 
research purpose more accurately; on the other hand, 
from a pathophysiological point of view, according 
to certain studies, pseudo progression can be broadly 
considered as a period of "acute or sub-acute necrosis" 
with symptoms that are usually recoverable. Radiation 
necrosis, in this regard, can be broadly interpreted as "the 
late stage of necrosis" with a predominantly irreversible 
course of disease (37). Therefore, considering the above 
mentioned reasons, we preferred using "treatment 
necrosis" (not radiation necrosis).
	 There are, inevitably, some shortcomings in our study, 
including the relatively small size of the final analysis 
cohort and the retrospective design. Our study only 
focused on the situation after the first radiotherapy, and 
did not follow up the CTC examination in most patients 
and compare it with the clinical course. Therefore, the 
diagnosis of CTC cannot be clarified after multiple 
treatments in this study. Most of these patients did not 
receive continuous CTC detection, and since this is not 
a prospective study, the prognostic potential of CTCs 
detection in these cases cannot be disclosed at present. At 
last, patients with subtotal and partial resection of tumors 
are not included, and this may account for a large part 
of clinical work. A prospective, larger sample size study 
would provide more information about the application 
value of CTCs detection. These efforts are currently 
being pursued in our ongoing studies.
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1. Introduction

Vasa previa (VP) is a rare condition in which the 
umbilical vessels, unprotected by either placental tissue 
or Wharton's jelly, run through the membranes over the 
internal cervical os and under the fetal presenting part. 
The estimated incidence varies from 0.2 to 0.60 per 1,000 
pregnancies (1-3). Previa vessels laceration may result in 
blood loss and catastrophic fetal distresses or stillbirth/
neonatal death (4,5), which is associated with increased 
perinatal mortality.
	 Risk factors for VP are velamentous cord insertion, 
second-trimester low-lying placenta or placenta praevia, 
conception by assisted reproductive technologies, 
bilobed and succenturiate lobe placentas situated in the 
lower uterine segment, and multiple pregnancies (3,6,7).
	 Antenatal diagnosis of VP and delivery by planned 
cesarean section before the rupture of the membranes 
is recommended with the survival rate increased to 97-
99%; however, survival rates in cases without antenatal 
diagnosis are poor, even in cases with emergency 
cesarean section, the neonatal survival rate is less than 

50% (2).
	 According to the image of VP by color Doppler 
ultrasound, two varieties have been described (8): Type 
1, in which there was a single placental lobe with a 
velamentous cord insertion, and Type 2, in which the 
vessels over the cervix were connecting between lobes 
of a placenta with multiple lobes. Recently, Suekane 
highlighted a new type of VP as Type 3, which is with a 
boomerang orbit and without velamentous insertion nor 
bilobed/accessory placenta (9).
	 The aims of this study were to i) analyze the 
outcomes of VP in singleton and multiple pregnancies; 
ii) investigate the clinical characteristics of patients with 
prenatal diagnosed VP or VP diagnosed at delivery.

2. Patients and Methods

A retrospective cohort study was conducted in patients 
with VP, which delivered between January 1, 2013 and 
December 31, 2019 at a tertiary hospital in west China. 
The study was approved by the Ethics committee of 
West China Second University Hospital (No. 2020129). 

DOI: 10.5582/bst.2021.01052Original Article

SUMMARY

Keywords vasa previa (VP), prenatal diagnosis, no prenatal diagnosis, singleton and multiple pregnancies, 
perinatal outcomes

Vasa previa (VP) is a rare and life-threatening condition for the fetus. It is associated with increased 
perinatal mortality rates. The current study sought to retrospectively analyze the perinatal outcomes 
of VP in singleton and multiple pregnancies between January 1, 2013 and December 31, 2019 at a 
tertiary hospital in west China. One hundred and fifty-seven cases of VP were identified, including 
131 singletons, 23 twins and 3 triplets. VP in 20 cases was diagnosed at delivery. There were 183 
live births. Neonatal mortality was significantly higher in cases with no prenatal diagnosis (9.7% vs. 
1.3%, p = 0.035). There was a significantly higher rate of NICU admission, premature infant and 
neonatal pneumonia in cases with prenatal diagnosis (p < 0.05). Among twin pregnancies with VP 
as a prenatal diagnosis, there were significantly earlier gestational age at admission (31.1 vs. 34.1 
weeks, p = 0.000) and delivery age (33.4 vs. 35.3 weeks, p = 0.000) than those among singleton 
pregnancies. The neonatal mortality in twins with prenatal diagnosis was significantly higher than 
that in singletons (0% vs. 6.9%, p = 0.037). Early hospitalization of VP in the third trimester may 
be reasonable. The data suggest that the timing of elective delivery at 34-36 weeks in singletons 
and 32-34 weeks in twins may be suitable. It should be emphasized to make corresponding optimal 
delivery time according to individual differences for the women, especially in twin pregnancy.
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Informed consent was not required because the study was 
conducted retrospectively. Medical records of pregnant 
women were reviewed by the authors.

2.1. Diagnosis of VP

Prenata l  d iagnos is  of  VP were  eva lua ted  by 
transabdominal or transvaginal ultrasound (10) and 
suspected VP in ultrasonography confirmed by MRI.
	 Patients with antenatal diagnosis of VP or diagnosis 
at delivery via clinical and/or pathologic investigation 
were reviewed. Placental pathological examination 
was performed to confirm the diagnosis of VP (11). 
Cases with antenatal diagnosis of VP but not verified at 
delivery were excluded.
	 According to the image of VP by color Doppler 
ultrasound, VP was diagnosed as follows: Type 1 VP, 
in which there was a single placental lobe and the fetal 
vessels run freely through the membranes over the cervix 
or within 2 cm from the internal cervical os; Type 2 VP, 
in which the vessels were connected between lobes of 
a placenta with multiple lobes over the cervix or within 
2 cm from the internal cervical os (8,12); Type 3 VP, in 
which fetal vessels were boomerang orbit and without 
velamentous insertion nor bilobed/accessory placenta (9).

2.2. Data collection

Maternal collected data included demographic 
characteristics, gestational age at diagnosis, delivery age, 
obstetric history, complications, indications of delivery, 
mode of delivery, delivery documents, pathologic 
reports, and blood loss at delivery. Neonatal data 
included gestational age at delivery, birth weight, Apgar 
scores, neonatal death, admission to the NICU, and 
major neonatal conditions.

2.3. Statistical analysis

Descriptive statistics, such as frequency, percentage, 
and mean, standard deviation (SD), and the range were 
used for the presentation of variables. Parameters were 
analyzed using two-tailed student's t-test , Chi-squared 
test or Fisher's exact probability test, and Spearman 
test. Statistical analyses were performed with SPSS 
version19.0 (SPSS Inc, Chicago, IL). A p value < 0.05 
was considered statistically significant.

3. Results

3.1. Study participants

During the study period, 79,647 pregnant women were 
delivered at our institution. One hundred and fifty-seven 
patients had VP, and 26 cases (16.56%) were multiple 
pregnancies, as 10 monochorionic diamniotic (MCDA) 
twin pregnancy, 13 dichorionic diamniotic (DCDA) 

twin pregnancy, 2 dichorionic triamniotic (DCTA) triplet 
pregnancy, and 1 trichorionic triamniotic (TCTA) triplet 
pregnancy. The incidence of VP was 1.97 per 1,000 
pregnancies. Maternal age was 31.7 ± 4.9 years.
	 The classifications of VP were: Type 1 141cases 
(89.8%) (Figure 1), Type 2 12 cases (7.6%) (Figure 2), 
and Type 3 4 cases (2.6%) (Figure 3). Among the cases, 
137 cases (87.3%) were diagnosed antenatally, 20 cases 
(12.7%) were diagnosed at delivery.
	 In prenatal diagnosis cases, there were 120 singleton 
pregnancies, 16 twin pregnancies (MCDA 7, DCDA 9) 
and 1 triplet pregnancy (TCTA 1). One hundred thirty-
two cases (96.4%) were diagnosed by ultrasound and 5 
cases were diagnosed by MRI.
	 In cases without prenatal diagnosis , there were 11 
singleton pregnancies, 7 twin pregnancies (MCDA 3, 
DCDA 4) and 2 triplet pregnancies (DCTA 2).
	 One hundred and fifty-one cases (96.2%) had one 
or more identifiable placental and/or maternal risk 
indications. Velamentous cord insertion (70.1%) and 
low-lying placenta or placenta previa (59.2%) were 
two of the most prevalent. Maternal demographics and 
pregnancy characteristics are presented in Table 1.

3.2. Management during pregnancy in prenatal diagnosis 
group

Among the prenatal diagnosis cases, 22 cases were 
conceived by assisted reproduction technology, as 
7 twins, 14 singletons and 1 triplet pregnancy. The 
diagnosis gestational age (GA) in singletons was 26.6 ± 
4.9 weeks, 66.7% in the second trimester, and 33.3% in 
the third trimester. In twins, GA at diagnosis was 24.4 ± 
4.1 weeks, 81.2% in the second trimester of pregnancy, 
18.8% in the third trimester. In twin pregnancies, selected 
termination of abnormal fetus was performed at 17+3 
weeks in one DCDA twin; one fetus death (not with VP) 
presented at 28+6 weeks in one MCDA twin; one fetus 
(not with VP) was dead at 27 weeks due to severe fetal 
growth retardation in one DCDA twin.
	 One hundred and thirty-seven cases were monitored 
closely until delivery. The gestational age at admission 
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Figure 1. Images of Type 1 vasa previa.
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antenatal steroids.
	 In 120 singleton cases, 83 (69.2%) patients were 
hospitalized with no symptoms, which included 33 
cases of hospitalization at 32.6 ± 1.4 weeks (range 29-34 
weeks) with delivery at 34.7 ± 1.5 weeks (range 30-38 
weeks), 50 cases of hospitalization at 35.4 ± 1.3 weeks 

was 33.7 ± 2.3 weeks with delivery age 35.1 ± 1.6 
weeks. All were performed as cesarean section (CS), 35 
cases with emergency CS, and 102 cases with planned 
CS. There were 15.3% cases before 34 weeks, 72.3% 
between 34 and 36 weeks, and 12.4% at term. A total 
of 120 cases (87.6%) received either 1 or 2 courses of 

Table 1. Maternal demographics and pregnancy characteristics of vasa previa

Variables

Maternal age (y)
    ≥ 35 years old, n (%)
BMI (kg/m2)
Gravidity
Primipara, n (%)
Singleton, n (%)
Risk factor
    Multiple pregnancy, n (%)
    ART, n (%)
    Low-lying placenta or placenta previa, n (%)
    Velamentous cord insertion, n (%)
    Bilobate or succenturiate placenta, n (%)
At least one risk factor#, n (%)

Data are presented as mean ± standard deviation or proportion (%). BMI: Body Mass Index; ART: assisted reproduction technology. #includes 
multiple pregnancy, ART pregnancy and placental factor. *Fisher's Exact Test.

Prenatal diagnosis (n = 137)

             31.7 ± 4.8
  33 (24.1)

             25.6 ± 2.5
  3 (1-8)

  84 (61.3)
120 (87.6)

  17 (12.4)
  25 (18.2)
  88 (64.2)
100 (73.0)
12 (8.8)

134 (97.8)

All cases (n = 157)

       31.7 ± 4.9
 39 (24.8)  

       25.7 ± 2.5
  2 (1-8)

100 (63.7)
131 (83.4)

  26 (16.6)
  28 (17.8)
  93 (59.2)
110 (70.1)
12 (7.6)

151 (96.2)

No prenatal diagnosis (n = 20)

               31.2 ± 5.3
  6 (30.0)

               26.3 ± 2.5
2 (1-5)

16 (80.0)
11 (55.0)

  9 (45.0)
  3 (15.0)
  5 (25.0)
10 (50.0)
0 (0.0)

17 (85.0)

p value

0.642
0.768
0.248
0.031
0.105
0.001

0.001
0.967
0.001
0.036
0.354

 0.028*

Figure 2. Images of Type 2 vasa previa.

Figure 3. Images of Type 3 vasa previa.
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(range 34-40 weeks) with delivery at 36.1 ± 1.2 weeks 
(range 34-40 weeks of gestation). Thirty-seven cases 
had emergency admissions due to premature rupture of 
membranes (PROM), vaginal bleeding, abnormal fetal 
monitoring and threatened premature labor, with delivery 
at 34.7 ± 1.2 weeks (range 32-39 weeks).
	 Among 16 twin cases, 7 patients were hospitalized 
with no symptoms at 32.6 ± 1.3 weeks (range 30-35 
weeks) with delivery at 33.9 ± 1.0 weeks (range 32-
36 weeks). Nine cases had emergency admissions due 
to vaginal bleeding, abnormal fetal monitoring and 
threatened premature labor, with delivery at 33.0 ± 1.1 
weeks (range 31-35 weeks).
	 In singleton pregnancies, emergency caesarean 
delivery was performed in 28 cases due to PROM 
(3 cases), vaginal bleeding (3 cases), abnormal fetal 
monitoring (2 cases), severe preeclampsia (1 case), 
in labor (19 cases). In twin pregnancies, emergency 
caesarean section was performed due to vaginal 
bleeding (2 cases), abnormal fetal monitoring (2 
cases) and in labor (2 cases). In a triplet pregnancy an 
emergency caesarean section was performed for severe 
preeclampsia.
	 The management in cases with prenatal diagnosis is 
shown in Table 2 and Table 3.

3.3. Management during pregnancy in not prenatal 
diagnosis group

Among the cases diagnosed at delivery, the admission 

age was 35.6 ± 3.6 weeks (range 27-40 weeks), with 
delivery at 36.3 ± 3.0 weeks (range 28-40 weeks), and 12 
cases with delivery at term.
	 Seventeen cases had CS, 12 cases with planned 
CS, 5 cases with emergency CS due to PROM with 
velamentous cord insertion, PROM with twin pregnancy, 
intrahepatic cholestasis of pregnancy with twin 
pregnancy, twin-twin transfusion syndrome and severe 
preeclampsia.
	 Vaginal delivery was performed in 3 cases, including 
2 singleton pregnancies with velamentous cord insertion 
delivery at term and 1 DCTA triplet pregnancy in labor at 
28+1 weeks with PROM.

3.4. Perinatal outcomes between type1 and type 2 VP

Among the cases of Type 1 VP, one hundred twenty-
one cases were diagnosed prenatally. Gestational 
age at diagnosis was 26.1 ± 4.8 weeks, 71.1% in the 
second trimester, and 28.9% in the third trimester. The 
gestational age at admission was 33.9 ± 2.6 weeks with 
delivery age 35.2 ± 1.9 weeks. 138 cases (97.9%) had 
cesarean section.
	 Among the cases of Type 2 VP, they were all 
diagnosed prenatally. The gestational age at admission 
was 33.7 ± 1.5 weeks with delivery age 35.0 ± 1.6 
weeks. All cases had cesarean section.
	 Except for 4 cases of Type 3 VP, perinatal outcomes 
between Type 1 and Type 2 VP cases are shown in detail 
in Table 4.

Table 2. Perinatal outcomes in cases with vasa previa

Variables

Prenatal hemorrhage, n (%)
GA at admission (wks)
Corticosteroids for fetal lung maturity, n (%)
GA at delivery (wks), n (%)
      28-31 6/7 
      32-33 6/7
      34-36 6/7 
       ≥ 37
Mode of delivery, n (%)
      Vaginal delivery
      Cesarean delivery
            Planning cesarean delivery
            Emergency cesarean delivery
Neonatal outcomes
      Number of fetus
      Live births, n
      5 min Apgar < 7, n (%)
      Premature infant, n (%)
      Birth weight (g)
      NICU, n (%)
      NICU LOS (days)
      Neonatal mortality, n (%)
      RDS, n (%)
      Pneumonia, n (%)
      IVH, n (%)
      Anemia, n (%)

GA: gestational age; RDS: Respiratory distress syndrome; IVH: Intraventricular hemorrhage; LOS: Length of stay. *Fisher's Exact Test.

Prenatal diagnosis (n = 137)

  21 (15.3)
              33.7 ± 2.3

120 (87.6)
              35.1 ± 1.6

  3 (2.2)
  18 (13.1)
  99 (72.3)
  17 (12.4)

  0 (0.0)
  137 (100.0)
102 (74.5)
  35 (25.5)

152
  2 (1.3)

135 (88.8)
          2,374.5 ± 439.2

  85 (55.9)
    8 (1-49)

  2 (1.3)
  19 (12.5)
  53 (34.9)
14 (9.2)

  19 (12.5)

No prenatal diagnosis (n = 20)

1 (5.0) 
               35.6 ± 3.6

12 (60.0)
               36.3 ± 3.0

  2 (10.0)
0 (0.0)

  6 (30.0)
12 (60.0)

  3 (15.0)
17 (85.0)
12 (70.6)
  5 (29.4)

31
2 (6.5)

17 (54.8)
          2,380.7 ± 665.6

11 (35.5)
  6 (5-50)

3 (9.7)
2 (6.5)

  5 (16.1)
2 (6.5)
3 (9.7)

p value

0.369
0.002
0.005
0.004

 0.000*

 0.002*

0.961

-
 0.134*

0.000
0.961
0.038
0.503

 0.035*

0.513
0.041
0.883
0.891
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3.5. Neonatal outcomes

Except for one twin death due to selected termination, 
sudden death and severe fetal growth retardation in twin 
pregnancies, there were 183 live births in 157 cases.
	 In prenatal diagnosis cases, there were 152 live births 
with mean birth weight 2,374.5 ± 439.2g and 88.8% were 
preterm infants. Over half of neonates (55.9%) were 
transferred to NICU with length of stay about 8 days 
(1-49 days). Nineteen neonates had respiratory distress 
syndrome, twelve of them were treated with pulmonary 
surfactant; 19 neonates were diagnosed with anemia and 
nine of them required blood transfusions. The neonatal 
mortality was 1.3% (2/152). Perinatal outcomes between 
singleton and twin pregnancies in antenatal diagnosed 
cases are shown in detail in Table 3.
	 There were 31 live births in cases with no antenatal 
diagnosis, mean birth weight 2,380.7 ± 665.6g and 
54.8% were preterm infants. Eleven neonates (35.5%,) 
were transferred to NICU with length of stay about 6 
days (5-50 days), 2 neonates were complicated with 
respiratory distress syndrome, and 3 (9.7%) with anemia. 
The neonatal mortality was 9.7% (3/31).
	 Compared with cases with prenatal diagnosis of 
VP, neonatal mortality was significantly higher in cases 

with no prenatal diagnosis (9.7% vs. 1.3%, p = 0.035). 
There was no difference in neonatal respiratory distress 
syndrome between the prenatal diagnosis cases and no 
prenatal diagnosis cases (p = 0.513). Meanwhile, there 
was a significantly higher rate of NICU admission, 
premature infant and neonatal pneumonia in cases 
with prenatal diagnosis. All surviving newborns were 
followed up and in good health.

4. Discussion

VP is a rare and life-threatening condition for the fetus. 
The incidence in this study was higher due to our hospital 
being the regional tertiary referral center in west China.
	 In this study, 96.2% cases of VP had one or more 
identifiable placental and/or maternal risk indications, 
velamentous cord insertion (70.1%) and placenta previa 
or low-lying placenta (59.2%) are most prevalent among 
them, the same as published reports (3,6,7).
	 Some authors put forward that velamentous insertion 
of the cord is a prerequisite for VP (13). In this study, 4 
cases were difficult to classify into either type1 or type2 
VP, in which the umbilical cord showed no velamentous 
insertion and some vessel branches went out of the 
placental surface and subsequently returned to the 

Table 3. Perinatal outcomes between singleton and twin pregnancies in antenatal diagnosed cases

Variables

Total
Age
      ≥ 35, n (%)
ART, n (%)
GA at diagnosis (wks), n (%)
      Second trimester of pregnancy
      Third trimester of pregnancy
GA at admission (wks)
Irregular vaginal bleeding at early pregnancy, n (%)
Antenatal hospital LOS (day)
Indication for hospitalization, n (%)
      Asymptomatic
      Vaginal bleeding
      Premature rupture of membrane
      Threatened premature labor
      Abnormal fetal monitoring
Corticosteroids for fetal lung maturity, n (%)
Tocolysis, n (%)
Length of tocolysis (days)
GA at delivery (wks), n (%)
      28-31 6/7
      32-33 6/7
      34-36 6/7
      ≥ 37
Planning cesarean, n (%)
Emergency cesarean, n (%)
Live births
Neonatal mortality, n (%)
Preterm, n (%)
Birth weight (g)
Birth weight ﹤ 2500g, n (%)
NICU, n (%)

ART: Assisted reproduction technology; GA: gestational age; LOS: Length of stay; NICU: neonatal intensive care unit. *Fisher's Exact Test.

Singleton

120
             32.0 ± 5.0

  32 (26.7)
  16 (13.3)

             26.6 ± 4.9
  80 (66.7)
  40 (33.3)

              34.1 ± 2.0
  43 (35.8)
    8 (1-47)

  83 (69.2)
  20 (16.7)
  3 (2.5)

  13 (10.8)
  1 (0.8)

104 (86.7)
  32 (26.7)
    3 (1-21)

              35.3 ± 1.5
  2 (1.7)
  9 (7.5)

  92 (76.7)
  17 (14.2)
  92 (76.7)
  28 (23.3)

120
  0 (0.0)

103 (85.8)
         2,495.2 ± 385.5

  63 (52.5)
  59 (49.2)

Twin

16 
               30.1 ± 3.4

1 (6.3)
  8 (50.0)

               24.4 ± 4.1
13 (81.2)
  3 (18.8)

               31.1 ± 2.6
  5 (31.3)
10 (2-52)

  7 (43.8)
1 (6.3)
0 (0.0)

  6 (37.5)
  2 (12.5)
15 (93.8)
11 (68.8)
  3 (2-14)

               33.4 ± 1.1
1 (6.3)

  8 (50.0)
  7 (43.8)
0 (0.0)

10 (62.5)
  6 (37.5)

29
2 (6.9)

  29 (100.0)
          1,909.5 ± 331.8

28 (96.6)
23 (79.3)

p value

-
0.136
0.139
0.001
0.097
0.272

0.000
0.788
0.029

 0.004*

0.687
0.001
0.945
0.000

 0.000*

0.357

 0.037*

0.068
0.000
0.000
0.003
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placental cotyledons. Kanda et al. (14) and Suekane et al. 
(9) reported the same conditions and Suekane highlighted 
this new type as Type3. We agreed with the suggestion 
and classified the four cases as Type 3 VP. Based on 
these data, careful observation of fetal vessels running 
around the internal cervix by color Doppler imaging 
should be performed whether cases had velamentous 
cord insertion or not. At present, there is no evidence to 
prove that different forms of VP have different perinatal 
outcomes. The essence of VP classification is based 
on the variation of fetal blood vessels. It has no clear 
clinical significance in the current classification without 
considering the mechanism of developmental biology.
	 The ultrasonic signs of VP could be described as 
linear or tubular structures in front of the cervix inner 

os, and pulsed wave color Doppler demonstrates the 
fetus's umbilical artery blood flow and a rate consistent 
with the fetal heart rate (10). VP should be confirmed 
by examining the placenta membrane during labor and 
postpartum (15).
	 Transvaginal ultrasound using colour and pulse-wave 
Doppler to evaluate the internal os and lower uterine 
segment is the most accurate means to diagnose VP (16). 
Prenatal diagnosis of VP was made most frequently 
during the second trimester of pregnancy. Although two 
prospective studies showed that the sensitivity of VP 
detection was 100% with a specificity of 99-99.8%, the 
prenatal detection rate of VP varied from 53% to 100% 
in retrospective studies (17). It should be known that not 
all cases of VP can be diagnosed antenatally (18).

Table 4. Perinatal outcomes between type1 and type 2 vasa previa

Variables

Total
Age
      ≥ 35, n (%)
Singleton, n (%)
ART, n (%)
Prenatal diagnosis, n (%)
GA at diagnosis (wks), n (%)
      Second trimester of pregnancy
      Third trimester of pregnancy
Antenatal hospital LOS (day)
GA at admission (wks)
Irregular vaginal bleeding at early pregnancy, n (%)
Indication for Hospitalization, n (%)
      Asymptomatic
      Vaginal bleeding
      Premature rupture of membrane
      Threatened premature labor
      Abnormal fetal monitoring
Corticosteroids for fetal lung maturity, n (%)
Tocolysis, n (%)
GA at delivery (wks), n (%)
      28-31 6/7
      32-33 6/7
      34-36 6/7
       ≥ 37
Mode of delivery, n (%)
      Vaginal delivery
      Cesarean delivery
            Planning cesarean delivery
            Emergency cesarean delivery
Neonatal outcomes
      Live births, n
      5 min Apgar < 7, n (%)
      Premature infant, n (%)
      Birth weight (g)
      NICU, n (%)
      NICU LOS (days)
      Neonatal mortality, n (%)
      RDS, n (%)
      Pneumonia, n (%)
      IVH, n (%)
      Anemia, n (%)

ART: Assisted reproduction technology; GA: gestational age; LOS: Length of stay; NICU: neonatal intensive care unit; RDS: Respiratory distress 
syndrome; IVH: Intraventricular hemorrhage. *Fisher's Exact Test.

Type 1

                    141
              31.5 ± 4.8

  32 (22.7)
116 (82.3)
  28 (19.9)
121 (85.8)

              26.1 ± 4.8
  86 (71.1)
  35 (28.9)
    7 (1-52)

              33.9 ± 2.6
  44 (31.2)

  89 (63.1)
  18 (12.8)
  7 (5.0)
  4 (2.8)

  20 (14.2)
120 (85.1)
  46 (32.9)

              35.2 ± 1.9
  5 (3.5)

  16 (11.3)
  92 (65.2)
  28 (19.9)

  3 (2.1)
138 (97.9)
100 (72.5)
  38 (27.5)

166
  2 (1.2)

136 (81.9)
         2,355.4 ± 488.4

  86 (51.8)
    8 (1-50)

  3 (1.8)
  19 (11.4)
    5 (32.5)
16 (9.6)

  21 (12.7)

Type 2

12
               33.8 ± 5.1

  6 (50.0)
11 (91.7)
0 (0.0)

  12 (100.0)
               27.5 ± 5.7

  6 (50.0)
  6 (50.0)
  6 (1-25)

               33.7 ± 1.5
  7 (58.3)

  7 (58.3)
  3 (25.0)
0 (0.0)
1 (8.3)
1 (8.3)

  8 (66.7)
  3 (25.0)

               35.0 ± 1.6
0 (0.0)

  2 (16.7)
  9 (75.0)
1 (8.3)

0 (0.0)
  12 (100.0)

11 (91.7)
1 (8.3)

13
  2 (15.4)
12 (92.3)

          2,490.8 ± 385.5
  9 (69.2)
  7 (3-10)
  2 (15.4)
  2 (15.4)
  4 (30.8)
0 (0.0)
1 (7.7)

p value

-
0.111
0.079
0.666
0.187
0.340
0.366
0.238

0.788
0.693
0.111

 0.554*

0.211
0.813
0.693

 0.725*

 1.000*

 0.187*

-
 0.027*

0.567
0.331
0.261
0.001

 0.043*

 0.653*

1.000
0.504
0.932
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	 In published guidelines, universal screening for VP in 
singleton pregnancies by ultrasound is not recommended. 
However, targeted screening should be considered in 
high risk pregnant women during the midtrimester scan 
using a transvaginal ultrasound probe with color and 
pulsed Doppler (3,16,17,20), which can reduce perinatal 
loss. Whereas, screening all twin pregnancies for VP 
with transvaginal ultrasound is cost-effective (20).
	 Some VP may be undiagnosed. The American 
Institute of Ultrasound in Medicine (AIUM) and Society 
for Maternal-Fetal Medicine (SMFM) recommend that 
the "placental position, appearance and relationship 
with the cervix" should be used as part of the standard 
parameters for routine ultrasound evaluation in obstetrics 
(21,22). Furthermore, the multiplanar imaging capability 
of magnetic resonance imaging (MRI) is more useful 
to identify the exact position of placenta and the area 
adjacent to the internal cervix os (23,24). In this study, 
five VP were diagnosed antenatally using MRI, one case 
with central placenta previa and bilobed placentas, three 
cases with placental implantation abnormality, and one 
case with marginal placental previa. It should be noted 
that MRI cannot be used in most obstetric practices due 
to its expensiveness and applicable conditions.
	 Hospitalization of VP was suggested at 30-32 
gestational weeks by RCOG, SOGC and RANZCOG 
(11,16,19), 30-34 weeks by SMFM (22). Administration 
of corticosteroids in patients with VP was recommended 
at 28-32 weeks by SOGC and SMFM (19,22), around 
30-32 weeks by RANZCOG (16), and at 32 weeks by 
RCOG (11).
	 To minimize the impact of prematurity and adverse 
outcomes due to VP, optimal gestational age at delivery 
is of vital importance. Gestational age at delivery 
was proposed to be 34-36 weeks by RCOG and 
RANZCOG(11,16), 34-37 weeks by SMFM (22), and the 
guidelines recommend that emergency cesarean delivery 
should be performed if bleeding or rupture of membranes 
occurs in cases with suspected VP (11,16,19,22). Swank 
(25) suggested elective delivery at 33-34 weeks. A 
decision analysis suggested that delivery at 34-35 weeks 
may balance the risk of perinatal death, risks related to 
prematurity as respiratory distress syndrome, mental 
retardation, and cerebral palsy (26).
	 Based on our findings, we concur with the delivery 
timing recommendations in singletons with antepartum 
VP at 34-36 weeks, and corticosteroids administration 
at 28-32 weeks. Whether advanced admission should 
be a combination of kinds of factors, including multiple 
pregnancy, prenatal bleeding and premature birth risk 
(11,27).
	 Although the perinatal mortality in VP is reduced 
with improved prenatal diagnosis, catastrophes also 
still happen (7). In Oyelese's report, prenatal diagnosed 
VP had a higher infant survival rate than cases with no 
prenatal diagnosis (97% vs. 44%) (2). In this study the 
neonatal mortality in cases without prenatal diagnosis 

was significantly higher (9.7% vs. 1.3%).
	 Because of fear of stillbirth, preterm delivery in VP is 
high. In this study, the rate of preterm delivery in prenatal 
diagnosis cases was significantly higher than that with no 
prenatal diagnosis cases (87.6% vs. 40%). The neonatal 
complications are always related to iatrogenic preterm 
birth and a good perinatal outcome can be obtained after 
treatment (28).
	 In published papers, there are few cases of VP in 
multiple pregnancies. Rupture of the vessels in VP can 
cause acute hemorrhage and acute fetal exsanguination, 
which occur in the corresponding twin in dichorionic 
twin pregnancy, and in both fetuses in monochorionic 
twin pregnancy.
	 No consensus suggested delivery age for twins with 
VP. In Jauniaux's systematic review of VP diagnosed 
prenatally in twin pregnancies, delivery age was 32+6 
(3+5) weeks (29). Catanzarite suggests timing of elective 
delivery for singletons at 34-35 weeks and delivery at 
32-34 weeks in twins may be risk-beneficial (30). Based 
on our findings, we think that in twin pregnancies with 
antepartum VP, optimal delivery timing is at 32-34 
weeks.
	 The strengths of this study are that perinatal 
outcomes were compared in VP cases with prenatal 
diagnosis and with no prenatal diagnosis; there is 
a larger number of DC and MC twin pregnancy; 
and the perinatal outcomes between singleton and 
twin pregnancies in antenatal diagnosed cases were 
investigated. The limitation in this study lies in the 
retrospective study. Definitely, a prospective study in 
VP is not feasible due to its rarity.

5. Conclusion

Prenatal diagnosis of VP should be highlighted. Our 
results confirm that the fetal and neonatal outcomes 
either in singletons or in twins are better in cases with VP 
diagnosed antenatally. Early hospitalization of VP in the 
third trimester may be reasonable. The timing of elective 
delivery at 34-36 weeks in singletons and at 32-34 weeks 
in twins may be suitable. It should be emphasized to 
make a corresponding optimal delivery time according to 
individual differences for the women, especially in twin 
pregnancy.

Acknowledgements

We feel grateful for the doctors and staff who have been 
involved in this work.

Funding: This study was supported by the Academic 
and Technical Leader's Foundation of Sichuan Province 
(No.2017-919-25).

Conflict of Interest: The authors have no conflicts of 
interest to disclose.



www.biosciencetrends.com

BioScience Trends. 2021; 15(2):118-125.BioScience Trends. 2021; 15(2):118-125.125

References

1.	 Oyelese Y, Smulian JC. Placenta previa, placenta accreta, 
and vasa previa. Obstet Gynecol. 2006; 107:927-941.

2.	 Oyelese Y, Catanzarite V, Prefumo F, Lashley S, Schachter 
M, Tovbin Y, Goldstein V, Smulian JC. Vasa previa: 
the impact of prenatal diagnosis on outcomes. Obstet 
Gynecol. 2004; 103:937-942.

3.	 Ruiter L, Kok N, Limpens J, Derks JB, de Graaf IM, Mol B, 
Pajkrt E. Incidence of and risk indicators for vasa praevia: 
a systematic review. BJOG. 2016; 123:1278-1287.

4.	 Silver RM. Abnormal placentation: placenta previa, vasa 
previa, and placenta accreta. Obstet Gynecol. 2015; 126: 
654-668.

5.	 Jauniaux E, Savvidou MD. Vasa praevia: more than 100 
years in preventing unnecessary fetal deaths. BJOG. 2016; 
123:1287.

6.	 Pirtea LC, Grigoraş D, Sas I, Ilie AC, Stana LG, Motoc 
AG, Jianu AM, Mazilu O. In vitro fertilization represents 
a risk factor for vasa praevia. Rom J Morphol Embryol. 
2016; 57:627- 632.

7.	 Tsakiridis I, Mamopoulos A, Athanasiadis A, Dagklis T. 
Diagnosis and management of vasa previa: a comparison 
of 4 national guidelines. Obstet Gynecol Surv. 2019; 
74:436-442.

8.	 Catanzarite V, Maida C, Thomas W, Mendoza A, Stanco L, 
Piacquadio KM. Prenatal sonographic diagnosis of vasa 
previa: ultrasound findings and obstetric outcome in ten 
cases. Ultrasound Obstet Gynecol. 2001; 18:109-115.

9.	 Suekane T, Tachibana D, Pooh RK, Misugi T, Koyama 
M. Type-3 vasa previa: normal umbilical cord insertion is 
not enough to exclude vasa previa in cases with abnormal 
placental location. Ultrasound Obstet Gynecol. 2020; 
55:556-557.

10.	 D'Antonio F, Bhide A. Ultrasound in placental disorders. 
Best Pract Res Clin Obstet Gynaecol. 2014; 28:429-442.

11.	 Jauniaux E, Alfirevic Z, Bhide AG, Burton GJ, 
Collins SL, Silver R, Royal College of Obstetricians 
and Gynaecologists. Vasa praevia: diagnosis and 
management. Green-top Guideline No. 27b. BJOG. 
2019; 126:e49-e61.

12.	 Kelley BP, KlochkoCL, Atkinson S, Hillman D, Craig 
BM, Sandberg SA, Gaba AR, Halabi SS. Sonographic 
diagnosis of velamentous and marginal placental cord 
insertion. Ultrasound Q. 2020; 36:247-254.

13.	 Stafford IP, Neumann DE, Jarrell H. Abnormal placental 
structure and vasa previa: confirmation of the relationship. 
J Ultrasound Med. 2004; 23:1521-1522.

14.	 Kanda E, Matsuda Y, Kamitomo M, Maeda T, Mihara 
K, Hatae M. Prenatal diagnosis and management of vasa 
previa: a 6-year review. J Obstet Gynaecol Res. 2011; 
37:1391-1396.

15.	 Derbala Y, Grochal F, Jeanty P. Vasa previa. J Prenat Med. 
2007; 1: 2-13.

16.	 The Royal Australian and New Zealand College 
of Obstetricians and Gynaecologists Excellence in 
Women's Health. Vasa Praevia (C-Obs-47). https://
ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-
MEDIA/Women%27s%20Health/Statement%20and%20
guidelines/Clinical-Obstetrics/Vasa-Praevia-(C-Obs-47).
pdf?ext=.pdf (accessed November 30, 2020)

17.	 Ruiter L, Kok N, Limpens J, Derks JB, de Graaf IM, 
Mol BWJ, Pajkrt E. Systematic review of accuracy of 

ultrasound in the diagnosis of vasa previa. Ultrasound 
Obstet Gynecol. 2015; 45:516-522.

18.	 Nishtar A, Wood PL. Is it time to actively look for vasa 
praevia? J Obstet Gynaecol. 2012; 32:413-418.

19.	 Gagnon R. No. 231-guidelines for the management of 
vasa previa. J Obstet Gynaecol Can. 2017; 39: e415-e421.

20.	 Cipriano LE, Barth WH Jr, Zaric GS. The cost-
effectiveness of targeted or universal screening for vasa 
praevia at 18-20 weeks of gestation in Ontario. BJOG. 
2010; 117:1108-1118.

21.	 American Institute of Ultrasound in Medicine. AIUM 
practice guideline for the performance of obstetric 
ultrasound examinations. J Ultrasound Med. 2013; 
32:1083-1101.

22.	 Society of Maternal-Fetal (SMFM) Publications 
Committee, Sinkey RG, Odibo AO, Dashe JS. #37: 
Diagnosis and management of vasa previa. Am J Obstet 
Gynecol. 2015; 213: 615-619.

23.	 Kikuchi A, Uemura R, Serikawa T, Takakuwa K, Tanaka K. 
Clinical significances of magnetic resonance imaging in 
prenatal diagnosis of vasa previa in a woman with bilobed 
placentas. J Obstet Gynaecol Res. 2011; 37:75-78.

24.	 Oppenheimer DC, Mazaheri P, Ballard DH, Yano M, 
Fowler KJ. Magnetic resonance imaging of the placenta 
and gravid uterus: a pictorial essay. Abdom Radiol (NY). 
2019; 44:669-684.

25.	 Swank ML, Garite TJ, Maurel K, Das A, Perlow JH, 
Combs CA, Fishman S, Vanderhoeven J, Nageotte 
M, Bush M, Lewis D. Vasa previa: diagnosis and 
management. Am J Obstet Gynecol. 2016; 215:223.e1-e6.

26.	 Robinson BK, Grobman WA. Effectiveness of timing 
strategies for delivery of individuals with vasa previa. 
Obstet Gynecol. 2011; 117:542-549. 

27.	 Yerlikaya-Schatten G, Chalubinski KM, Pils S, Springer 
S, Ott J. Risk-adapted management for vasa praevia: 
a retrospective study about individualized timing of 
caesarean section. Arch Gynecol Obstet. 2019; 299:1545-
1550.

28.	 Sullivan EA, Javid N, Duncombe G, Li Z, Safi N, Cincotta 
R, Homer CSE, Halliday L, Oyelese Y. Vasa previa 
diagnosis, clinical practice, and outcomes in Australia. 
Obstet Gynecol. 2017; 130:591- 598.

29.	 Jauniaux E, Melcer Y, Maymon R. Prenatal diagnosis and 
management of vasa previa in twin pregnancies: a case 
series and systematic review. Am J Obstet Gynecol. 2017; 
21:568-575.

30.	 Catanzarite V, Cousins L, Daneshmand S, Schwendemann 
W, Casele H, Adamczak J, Tith T, Patel A. Prenatally 
diagnosed vasa previa: a single-institution series of 96 
cases. Obstet Gynecol. 2016; 128:1153-1161.

Received January 30, 2021; Revised March 7, 2021; Accepted 
March 17, 2021.

*Address correspondence to:
Haiyan Yu, Department of Obstetrics and Gynecology, West 
China Second University Hospital, Sichuan University, No. 20, 
3rd section, South Renmin Road, Chengdu, Sichuan 610041, 
China.
E-mail: fanjy422@163.com

Released online in J-STAGE as advance publication March 21, 
2021.



www.biosciencetrends.com

BioScience Trends. 2021; 15(2):126-128.BioScience Trends. 2021; 15(2):126-128. 126

New challenges to fighting COVID-19: Virus variants, potential 
vaccines, and development of antivirals
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The COVID-19 pandemic has infected more than 100 
million people and caused 2 million deaths as the end of 
February 2021. Since its outbreak, China implemented 
various interventions, including a complete lockdown 
of the population, mandated wearing of masks outside 
the home, and handwashing during the first wave of 
the disease. Public participation in and adherence to 
control measures helped the Chinese Government to 
quickly control the epidemic. Although cases have been 
imported and contaminated imports have caused recent 
COVID-19 outbreaks in several cities, these outbreaks 
were stamped out thanks to China's disease control 
system, which involves quarantine upon entry, rapid 
case diagnosis, active case surveillance, strict follow-
up, and quarantine of close contacts. Unlike China, 
many countries implemented an incomplete lockdown. 
More importantly, people failed to fully adhere to 
control measures. The number of the infected fluctuated 
depending on the strength of the control measures but 
never declined to zero.
	 These measures have been at the expense of 
the economy. More importantly, these strict control 
measures alone are not effective enough to stop the 
COVID-19 pandemic. Even in China, where the strictest 

control measures were implemented, sporadic cases 
of COVID-19 have still been reported. The world is, 
therefore, looking forward to effective medicines and 
vaccines to prevent or treat COVID-19. During the past 
year, several drugs to treat COVID-19 were investigated, 
most of which were repurposed. While most of the drugs 
including lopinavir/ritonavir and hydroxychloroquine 
failed to display efficacy in clinical trials, dexamethasone 
has been found to decrease mortality among some 
patients with COVID-19, and especially those with 
severe or critical disease (1,2). However, the role of 
remdesivir in treating COVID-19 is still controversial. 
Although several clinical trials indicated that 
remdesivir was superior to a placebo in reducing the 
time to recovery in adults who were hospitalized with 
COVID-19, the WHO has recommended against its use 
in inpatients, regardless of disease severity, as there is 
currently no evidence that it improves survival (3,4). 
	 Herd immunity, achieved either by natural infection 
or by vaccination, is therefore being pursued to prevent 
the spread of disease and to control the pandemic. 
However, mounting evidence suggests that natural 
infection is not able to achieve herd immunity as 
expected. Dozens of reinfections with SARS-CoV-2 
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SUMMARY

Keywords COVID-19, SARS-CoV-2, vaccine, variants

Despite strict control measures implemented worldwide, the COVID-19 pandemic continues to rage. 
Several drugs, including lopinavir/ritonavir, hydroxychloroquine, dexamethasone, and remdesivir, 
have been evaluated for the treatment of COVID-19 during the past year. While most of the drugs 
failed to display efficacy in treating COVID-19, scientists have encouraged herd immunity to control 
the pandemic. Immunity generated after natural infection with SARS-CoV-2 is precarious, as indicated 
by real-world evidence in the form of epidemiological data from Manaus, Brazil. Vaccines using 
different platforms are therefore the most promising approach to help us return to normality. Although 
several vaccines have been authorized for emergency use, there are still many concerns regarding their 
accessibility, the vaccination rate, and most importantly, their efficacy in preventing infection with 
emerging virus variants. Continued virus surveillance and rapid redesign of new vaccines to counter 
new variants are crucial to fighting COVID-19. Rapid production and extensive vaccination are also 
essential to preventing the emergence of new variants. Nevertheless, antivirals including monoclonal 
antibodies and oral medicines need to be developed in light of uncertainties with regard to vaccination. 
In the battle between humans and SARS-CoV-2, the speed with which we fight the virus, and 
especially its emerging variants, is the key to winning.
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have been reported, indicating that immunological 
memory generated by natural infection may not strong 
or last long enough to protect people from reinfection. 
More importantly, epidemiological data from the city 
of Manaus, Brazil, have indicated the precarious state 
of natural herd immunity in the real world. The rate of 
infection with SARS-CoV-2 was estimated to increase 
from 66% in June to 76% in October in Manaus based 
on seroprevalence data (5). The high seroprevalence 
indicates that natural herd immunity has been achieved, 
given a basic reproduction number of 3 (6). However, 
the number of hospitalizations for COVID-19 in 
Manaus increased sharply in January 2021. Several 
possible explanations have been put forward, including 
overestimated seroprevalence before the second wave 
and a rapid decline in  immunological memory post-
infection, but the most pressing concern is new variants 
of the virus (7). In a preliminary study, the new virus 
variant P.1 was identified in 42% (13/31) of samples 
from patients reported in Manaus in December 2020, 
though it was absent in 26 samples collected between 
March and November 2020 (8). Indeed, the new variant 
has been linked to increased infectivity in mouse 
models (9). Reinfection with the P.1 lineage in Manaus 
was also reported in January 2021 (10). This evidence 
suggests that the high transmission of P.1 may require 
a higher seroprevalence to achieve herd immunity and 
that P.1 may evade immunological memory generated 
post-infection (11). Therefore, herd immunity from an 
infection should not be an option either from an ethical 
or scientific point of view (12).
	 A host of potential COVID-19 vaccines is currently 
being developed based on different platforms, from 
conventional inactivated and live attenuated vaccines 
to more creative message RNA (mRNA) and DNA 
technologies including viral vector and subunit vaccines. 
Most potential COVID-19 vaccines target the spike 
protein of SARS-CoV-2. Several vaccines have been 
authorized for emergency use with varied efficacy 
in preventing COVID-19 and in decreasing disease 
severity. In a real-world study, the BNT162b2 mRNA 
COVID-19 vaccine was effective for a wide range of 
COVID-19–related outcomes (13). With the high rate 
of protection from infection after vaccination, herd 
immunity could theoretically be achieved. However, 
the use of vaccines to control the pandemic still faces 
many challenges. The most serious concern is the 
availability of vaccines. As of March 5, 2021, only 
around 291 million people have been vaccinated (14). A 
shortage of vaccines, especially in developing countries, 
is one of the main reasons for the low vaccination rate 
worldwide. Another explanation might be the limited 
willingness of people to be vaccinated. According to a 
recent survey, around half of respondents would not take 
a vaccine even if it was available (14). Moreover, there 
are still several questions about vaccines that remain 
unanswered. These include the duration of the protective 

effect of a vaccine and cross-protection against virus 
variants, and especially emerging mutations. A most 
recent study examined immunogenicity 119 days after 
initial vaccination with mRNA-1273 and noted high 
levels of binding and neutralizing antibodies against 
SARS-CoV-2 even though those levels were expected to 
decline over time (15). The study in question indicated 
that immunity generated by a vaccine, or at least 
mRNA-1273, has the potential to provide sustained 
protection against SARS-CoV-2. However, virus 
variants also diminish the efficacy of vaccines. Although 
most researchers believe that the D614G variant and the 
B.1.1.7 strain will not affect the efficacy of vaccines, 
the B.1.351 variant was found to be partially resistant to 
neutralizing antibodies induced by most of the common 
vaccines used worldwide, including the Pfizer mRNA 
vaccine, the Moderna mRNA vaccine, and the Novavax 
protein vaccine (16,17). 
	 As the vaccination rate increases, new cases of 
COVID-19 are now declining. However, there is still 
much uncertainty, given emerging new variants, the 
unknown duration and efficacy of protection, and 
questions about efficacy against new variants. There are 
several strategies that could be adopted now to control 
the pandemic and eventually eliminate the disease. The 
most important approach is to continue viral surveillance 
and rapid design of vaccines against new variants. 
We cannot predict whether virus variants will emerge 
in the future. Therefore, viral surveillance and rapid 
evaluation of vaccine efficacy against new viral variants 
are extremely important. Indeed, under the current threat 
of new variants and B.1.351 in particular, all leading 
vaccine companies are now redesigning their vaccines 
to counter new variants. The development of a broad-
spectrum vaccine against SARS-CoV-2 by retaining the 
conserved amino acids in the receptor-binding domain 
region also offers promise (18). 
	 Rapid production of vaccines and extensive 
vaccination are also essential to winning the battle. Virus 
variants can only emerge when a large number of people 
are infected. While herd immunity is generated by 
vaccination, the number of the infected would decrease 
sharply, thus limiting the emergence of virus variants. 
However, mutations that evade the vaccine might appear 
when immunity wanes or in the event of incomplete 
vaccination (e.g., taking only one dose of a vaccine 
that requires two doses). Therefore, rapid and complete 
vaccination and monitoring of the immune response 
should be implemented.
	 Until vaccine-induced herd immunity is achieved, 
another favorable strategy would be to develop new 
medicines that are effective against SARS-CoV-2. 
The FDA has authorized the emergency use of two 
monoclonal antibodies for the treatment of COVID-19 
as they were able to limit SARS-CoV-2 replication in the 
nasopharynx and therefore prevent disease progression 
if administered early (19). However, the efficacy of 
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monoclonal antibodies against viral variants, and B.1.351 
in particular, has raised concern. In a recent study, 
binding of the REGN-COV2 cocktail to B.1.351 variants 
was nine times lower than that to other prevalent SARS-
CoV-2 strains (20). Therefore, the combination of several 
different monoclonal antibodies should be tested in 
future clinical trials. More importantly, new monoclonal 
antibodies or spectrum neutralizing antibodies should be 
developed faster than new variants emerge.
	 Besides vaccines and monoclonal antibodies, the 
development of antivirals to treat COVID-19 should 
not be ruled out. Given the uncertainty of vaccines, 
affordable and convenient medicines (e.g .  oral 
preparations) for the treatment of COVID-19 may not 
only help to limit the spread of the pandemic but more 
importantly alleviate the fears of the general public. In 
developing countries, the best strategies are to social 
distance, wash one's hands, and wear a mask while 
awaiting vaccines and affordable drugs. These countries 
need to control the epidemic as much as they can, though 
vaccines and drugs should be provided as early as 
possible. In this battle between humans and viruses, the 
slower the process, the more likely we are to lose.
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Burnout in nurses during the COVID-19 pandemic in China: 
New challenges for public health
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1. Introduction

The spread of the novel coronavirus SARS-CoV-2 
and the disease it causes (COVID-19) has resulted in 
an unprecedented global health crisis. This unfolding 
healthcare emergency has placed nurses under increasing 
pressure (1), with broad repercussions for their mental 
health. In specific terms, burnout has emerged as a 
significant concern, affecting both quality of life and 
workplace performance (2,3). In China, nurses have 
played a critical role in the treatment of COVID-19 and 
they constitute the largest subset of healthcare workers 
(4). Unlike in Hubei Province where approximately 
28,600 nurses were deployed to assist local healthcare 
teams in the fight against COVID-19, Shanghai 
depended on a combination of support nurses from the 
top three hospitals in Shanghai, together with nurses 
at a designated COVID-19 hospital. Moving the focus 
from patient care to caregiver health, the current authors 
conducted a cross-sectional survey at a designated 
COVID-19 hospital in Shanghai at the peak of the 
pandemic, i.e. about 2 months after the onset of the 
outbreak from February to April 2020. Findings revealed 

burnout in 6.85% of nurses. Out of 336 respondents, 87 
(25.89%) had a high level of emotional exhaustion, 61 
(18.15%) had a high level of depersonalization, and 100 
(29.76%) had a low level of personal accomplishment 
(Supplementary Table S1-3, http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=72). 
Accordingly, burnout poses not just a risk to Chinese 
nurses but also to the Chinese healthcare system. To 
highlight the issue of burnout, the current authors 
explored the factors influencing burnout in this cohort 
and suggested corresponding countermeasures to assist 
Chinese nurses in adjusting to public health emergencies. 
Future pandemics may occur more frequently, so public 
health officials and policymakers must act to protect the 
mental health of healthcare workers. 

2. Tackling burnout among nurses: Efforts are 
underway

Burnout is an under-recognized and under-reported 
problem. Burnout is characterized by a state of emotional 
exhaustion (EE) and/or depersonalization (DP) and 
a low sense of personal accomplishment (PA). In the 
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SUMMARY
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During the COVID-19 pandemic, frontline nurses have faced extraordinary personal and professional 
challenges. These challenges have had mental health consequences, and concerning reports of burnout 
have emerged globally. We conducted a cross-sectional survey at a designated COVID-19 hospital 
in Shanghai at the peak of the pandemic, i.e. about 2 months after the onset of the outbreak from 
February to April 2020. Findings revealed burnout in 6.85% of nurses. Of 336 respondents, 87 (25.89%) 
had a high level of emotional exhaustion, 61 (18.15%) had a high level of depersonalization, and 100 
(29.76%) had a low level of personal accomplishment. Burnout can be prevented by offering more 
support from families and supervisors, paying attention to health monitoring and personal protection, 
and creating a rational human resource allocation and shift management system. Specific training 
on infection control and self-protection, mental health guidance, and stress coping techniques must 
be implemented. As the current health crisis ultimately abates, moving the focus from mental health 
issues to public health issues, more attention and support at the national and organizational levels are 
needed to reduce occupational discrimination, nurse autonomy and status need to be promoted, and 
public health emergency teams need to be created. A positive and fair working environment is essential 
to effective healthcare delivery.
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current study, 92.56% of the nurses working in a front-
line care setting were women and 46.43% had children; 
burnout in this cohort is likely related to marital status 
and age, so family responsibilities should be considered 
to reassure frontline nurses. The Department of Nursing 
has proposed family-based support programs, evaluated 
every nurse's level of family and social support and 
mental health before starting frontline work, arranged 
for visits home, provided necessary assistance to relieve 
nurses' concerns when entered frontline wards, and 
encouraged an hour-long video or voice call with family 
members every day. 
	 A previous study found that younger and less 
experienced staff members had a higher level of DP than 
nurses over the age of 30 (5), which is consistent with the 
current findings. Continuous guidance and psychological 
assistance should be offered to this vulnerable group of 
nurses. The Department of Nursing established a series 
of training courses, including orientation to general 
emergency ward work and nursing responsibilities, 
infection control and self-protection, and mental health 
guidance to orient younger less experienced nurses 
during the pandemic response. In terms of nurses' 
own health and personal protection, daily self-health 
monitoring is promoted, and anti-viral sprays and 
thymus injections to enhance immunity are offered and 
vaccination is encouraged. To improve mental health 
care, the Department of Nursing engaged psychiatrists 
and psychologists to provide online counseling, advice 
hotlines, and online chat rooms for frontline nursing 
staff. Involvement of mental health care professionals 
may allow for earlier intervention and improved ability 
to cope with negative emotions. 
	 As  the  pandemic  cont inues ,  an  impor tan t 
consideration is that frontline nurses work in a specific 
work environment, facing a heavy workload while 
combating a highly contagious disease (6,7). When 
nurses care for grievously suffering patients and patients 
with multiple requirements, they are more likely to 
experience burnout (8). This is typically how Chinese 
nurses work on the frontline, in addition to providing 
basic treatment and nursing, serving food to patients, 
preparing their daily necessities, and meeting the special 
needs of patients of different nationalities. They also 
disinfect items, transport specimens, and supervise 
infection control. 
	 Interestingly, nurses who cared for mildly ill patients 
reported a higher level of EE, a higher level of DP, and 
a lower level of PA than those who cared for severely 
ill patients. This may be related to differences in human 
resource allocation where, relatively speaking, nurses 
caring for mildly ill patients cared for more patients. 
Other researchers have also reported that when nurses 
care for a higher number of patients, they are more 
likely to experience burnout (9). In this context, nurses' 
work cycles and shifts were adjusted based on the work 
experience of nursing administrators and the bed-to-

care ratio in general wards. A rational human resource 
allocation and shift management system should be 
created within the Department of Nursing. This system 
would adjust human resource allocation based on the 
number of patients admitted, their condition, and the 
overall workload intensity. At the authors' hospital, most 
of the support measures considered were implemented 
for frontline nurses. Comfortable living conditions, 
sufficient materials, and sufficient nutrients were 
considered the most necessary measures. In addition, 
benefits such as incentives and promotions should be 
provided to encourage frontline nurses. 

3. Burnout: Moving the focus from mental health 
issues to public health issues

Paying attention to early burnout among nurses on the 
frontline can help to provide timely solutions to prevent 
further worsening of this problem. As the current 
health crisis ultimately abates, China has transitioned 
to the mitigation phase. Given the burnout seen among 
frontline nurses, has enough been done? Is it too little, 
too late? And how can China better prepared for future 
pandemics that may occur more frequently? The 
current study was conducted at a designated COVID-19 
hospital in Shanghai and countermeasures for burnout 
were proposed. In-depth interviews may help to 
identify important issues and may be a topic of further 
study. Research has shown that nursing professionals 
nationwide were already experiencing burnout and 
subsequent turnover during the COVID-19 pandemic, 
indicating that the mental health of healthcare workers 
and insufficient human resources are serious issues that 
public health officials and policymakers need to address. 
In order to deal with the shortage of nurses with multiple 
specialties in the emergency response to public health 
emergencies, the current authors' hospital committed 
to creating “special nursing teams” to prepare and train 
for both peacetime and wartime while improving their 
overall clinical competence and efficiency. For the 
government, the urgent task is to create and prepare 
public health and epidemic prevention teams to respond 
to outbreaks of infectious diseases and deal with human 
turnover. Healthcare professionals may also face extra 
hardships during a pandemic due to the discrimination 
and lack of understanding faced by individuals and their 
families. A positive working environment should be 
created, nurse autonomy should be promoted, and the 
status of nurses should be improved. The government 
should actively promote positive news reports, improve 
the population's awareness of infectious disease control, 
and reduce "secondary psychological harms and panic" 
caused by discrimination against medical personnel 
combating infectious diseases. 
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Rheumatoid arthritis (RA) is a chronic autoimmune 
disease mainly characterized by erosive and symmetrical 
polyarthritis (1). Factors such as heritability, hormones, 
and the environment are involved in the pathogenesis 
of RA (2); however, its etiology and pathogenesis are 
complex and have not been fully elucidated. E2F2 is 
a member of the E2F family of transcription factors 
and affects the development and progression of many 
diseases. E2F2 also affects various cellular processes, 
such as the cell cycle, proliferation, apoptosis, invasion, 
and migration (3). E2F2 promotes the secretion of 
inflammatory factors in RA synovial fibroblasts (RASFs) 
and influences the development of RA (4). However, 
additional mechanisms underlying the role of E2F2 
in the development and progression of RA need to be 
elucidated. 
	 The current authors conducted a study to further 
identify the mechanisms of E2F2 in RASFs in order 
to study RA in-depth. The synovial tissue of a patient 
with RA (female, 56 years of age, DAS28: 3.7; RF: 56; 
CRP: 59 mg/L; anti-CCP: 26 E/mL; and time of onset: 
16 months) was collected during knee replacement 
surgery. The synovial tissue was collected at Shandong 

Provincial Hospital (Ji'nan, China), and informed 
consent was obtained from the patient. The research 
plan was approved by the Ethics Committee of the 
Shandong Academy of Medical Sciences. The patient 
met the American College of Rheumatology diagnostic 
criteria for RA. Fetal calf serum was purchased from 
Invitrogen, Carlsbad, CA, USA. Anti-E2F2 antibody 
(SAB2108118) was purchased from Sigma-Aldrich, St. 
Louis, MO, USA.
	 As were used in previous studies, type II and III 
collagenases were used to digest synovial tissue for 6 
hours (5) and RASFs were cultured. RASF cells (1 × 
106) were harvested and crosslinked with formaldehyde. 
Cells were then lysed and sonicated, and anti-E2F2 
antibody was used in immunoprecipitation (IP). This was 
followed by water bath decrosslinking, DNA purification, 
construction of a sequencing library, amplification, and 
high-throughput sequencing. The protocol is as described 
by Park (6).
	 Gene Ontology (GO) was used to perform 
enrichment analysis on the functions of peak-related 
genes, and the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) was used to perform significant 
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The development and progression of rheumatoid arthritis (RA) are complex and the pathogenesis 
of this disease is not fully understood. E2F transcription factor 2 (E2F2) affects the development 
and progression of many diseases. To identify the mechanisms underlying the role of E2F2 in 
RA, chromatin immunoprecipitation was performed followed by sequencing (ChIP-seq) using the 
E2F2 antibody. Gene Ontology (GO) analysis of differentially expressed genes (DEGs) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment of captured downstream target 
genes and Metascape analysis of 22 protein molecules partly elucidated the mechanism by which 
E2F2 affects the progression of RA. Results indicated that E2F2 affects the metabolism of RASFs 
and the development of ribosome synthesis as well as the stress response. Results indicated that 
E2F2 can affect multiple biological processes involving RASFs and indicate a unique possibility of 
targeting E2F2 in the treatment of RA.
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enrichment analyses on the pathway functions of related 
genes. Finally, Metascape was used to analyze protein 
molecules.
	 GO function annotation and enrichment analysis of 
KEGG metabolic pathways were performed on high-
throughput E2F2 ChIP-seq results. GO annotation 
indicated that differentially expressed genes were 
mainly enriched in the nitrogen compound metabolic 
process, cellular nitrogen compound metabolic 
process, cellular component organization, or biogenesis 
(Figure 1A). KEGG pathway annotation indicated 
that the genes participated in 19 metabolic pathways 
including ribosomes, Parkinson's disease, and oxidative 
phosphorylation (Figure 1B).To further explore the 
mechanism by which E2F2 influences the progression 

of RA, protein molecules from ChIP-seq were screened 
and enriched for E2F2. Twenty-two proteins (Figure 1C) 
were identified, and enrichment analysis was performed 
with Metascape. Metascape indicated that the main 
pathways included localization, the response to stimulus, 
the metabolic process, and biological regulation (Figure 
1D). These results are in accordance with the results 
described earlier and further illustrate that downstream 
genes regulated by E2F2 are closely related to the 
metabolic process. The current results also indicate that 
E2F2 may affect the body's stress response. Interestingly, 
two of the 22 proteins, thrombospondin-1 (THBS1) 
and derlin-1, are related to endoplasmic reticulum 
(ER) stress. Moreover, THBS1 may be a biomarker 
of early RA (7). Abnormal ER stress may promote the 
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Figure 1. Enrichment of differential genes. (A) Number of genes identified for specific GO annotation terms. (B) KEGG pathway enrichment 
indicating the significance of enrichment. The size of the dot indicates the number of genes in the KEGG pathway, and the shade of the dot 
indicates the degree of rich factor enrichment. (C) The 22 proteins identified by screening and enrichment from E2F2 ChIP-seq. (D) Metascape 
was used to enrich the 22 corresponding genes; enrichment terms are represented in terms of their degree of enrichment. This is expressed as a 
-log10 [P-value], where a higher value indicates more significant enrichment (B,D).
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pathogenesis of RA through abnormal cell proliferation 
and production of pro-inflammatory cytokines (8,9). The 
22 identified genes also encoded some proteins related 
to cellular processes (RAC1, CLPTM1, and ERAS), 
signal conversion-related proteins (GPR37L1.ECSIT), 
transcription-related proteins (MED4 and BRD9), and 
ubiquitin ligase in protein degradation. These molecules 
represent different aspects of the complexity of the 
pathogenesis of RA.
	 In summary, the current results indicated that 
E2F2 influences metabolism, the stress response, and 
ribosome synthesis of RASFs, thereby affecting the 
development and progression of RA. Therefore, a 
promising strategy would be to intervene in metabolism, 
the stress response, and ribosome synthesis to combat 
the progression of RA. Accordingly, E2F2 is likely to 
serve as a potential target in the treatment of RA.
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Discussion sections should be combined.

Reviews should present a full and up-to-date account of recent 
developments within an area of research. Normally, reviews 
should not exceed 8,000 words in length (excluding references) 
and should be limited to a maximum of 10 figures and/or tables 
and 100 references. Mini reviews are also accepted, which 
should not exceed 4,000 words in length (excluding references) 
and should be limited to a maximum of 5 figures and/or tables 
and 50 references.

Policy Forum articles discuss research and policy issues in 
areas related to life science such as public health, the medical 
care system, and social science and may address governmental 
issues at district, national, and international levels of discourse. 
Policy Forum articles should not exceed 3,000 words in length 
(excluding references) and should be limited to a maximum of 
5 figures and/or tables and 30 references.

Communications are short, timely pieces that spotlight new 
research findings or policy issues of interest to the field of 
global health and medical practice that are of immediate 
importance. Depending on their content, Communications 
will be published as "Comments" or "Correspondence". 

Communications should not exceed 1,500 words in length 
(excluding references) and should be limited to a maximum of 
2 figures and/or tables and 20 references.

Editorials are short, invited opinion pieces that discuss an 
issue of immediate importance to the fields of global health, 
medical practice, and basic science oriented for clinical 
application. Editorials should not exceed 1,000 words in length 
(excluding references) and should be limited to a maximum of 
10 references. Editorials may contain one figure or table.

News articles should report the latest events in health sciences 
and medical research from around the world. News should not 
exceed 500 words in length.

Letters should present considered opinions in response to 
articles published in BioScience Trends in the last 6 months or 
issues of general interest. Letters should not exceed 800 words 
in length and may contain a maximum of 10 references. Letters 
may contain one figure or table.

3. Editorial Policies

For publishing and ethical standards, BioScience Trends 
follows the Recommendations for the Conduct, Reporting, 
Editing, and Publication of Scholarly Work in Medical 
Journals (http://www.icmje.org/recommendations) issued 
by the International Committee of Medical Journal Editors 
(ICMJE), and the Principles of Transparency and Best Practice 
in Scholarly Publishing (https://doaj.org/bestpractice) jointly 
issued by the Committee on Publication Ethics (COPE), the 
Directory of Open Access Journals (DOAJ), the Open Access 
Scholarly Publishers Association (OASPA), and the World 
Association of Medical Editors (WAME).
	 BioScience Trends will perform an especially prompt 
review to encourage innovative work. All original research will 
be subjected to a rigorous standard of peer review and will be 
edited by experienced copy editors to the highest standards.

Ethics: BioScience Trends requires that authors of reports of 
investigations in humans or animals indicate that those studies 
were formally approved by a relevant ethics committee or 
review board. For research involving human experiments, a 
statement that the participants gave informed consent before 
taking part (or a statement that it was not required and why) 
should be indicated. Authors should also state that the study 
conformed to the provisions of the Declaration of Helsinki 
(as revised in 2013). When reporting experiments on animals, 
authors should indicate whether the institutional and national 
guide for the care and use of laboratory animals was followed.

Conflict of Interest: All authors are required to disclose 
any actual or potential conflict of interest including financial 
interests or relationships with other people or organizations 
that might raise questions of bias in the work reported. If no 
conflict of interest exists for each author, please state "There is 
no conflict of interest to disclose".

Submission Declaration: When a manuscript is considered 
for submission to BioScience Trends, the authors should 
confirm that 1) no part of this manuscript is currently under 
consideration for publication elsewhere; 2) this manuscript 
does not contain the same information in whole or in part as 
manuscripts that have been published, accepted, or are under 
review elsewhere, except in the form of an abstract, a letter to 
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the editor, or part of a published lecture or academic thesis; 
3) authorization for publication has been obtained from the 
authors’ employer or institution; and 4) all contributing authors 
have agreed to submit this manuscript.

Cover Letter: The manuscript must be accompanied by a 
cover letter prepared by the corresponding author on behalf 
of all authors. The letter should indicate the basic findings 
of the work and their significance. The letter should also 
include a statement affirming that all authors concur with the 
submission and that the material submitted for publication has 
not been published previously or is not under consideration for 
publication elsewhere. The cover letter should be submitted 
in PDF format. For example of Cover Letter, please visit: 
Download Centre (https://ircabssagroup.com/downcentre).

Copyright: When a manuscript is accepted for publication in 
BioScience Trends, the transfer of copyright is necessary. A 
JOURNAL PUBLISHING AGREEMENT (JPA) form will 
be e-mailed to the authors by the Editorial Office and must 
be returned by the authors as a scan. Only forms with a hand-
written signature are accepted. This copyright will ensure the 
widest possible dissemination of information. Please note that 
your manuscript will not proceed to the next step in publication 
until the JPA Form is received. In addition, if excerpts from 
other copyrighted works are included, the author(s) must obtain 
written permission from the copyright owners and credit the 
source(s) in the article.

Peer Review: BioScience Trends uses single-blind peer 
review, which means that reviewers know the names of the 
authors, but the authors do not know who reviewed their 
manuscript. The external peer review is performed for research 
articles by at least two reviewers, and sometimes the opinions 
of more reviewers are sought. Peer reviewers are selected 
based on their expertise and ability to provide high quality, 
constructive, and fair reviews. For research manuscripts, 
the editors may, in addition, seek the opinion of a statistical 
reviewer. Consideration for publication is based on the 
article’s originality, novelty, and scientific soundness, and the 
appropriateness of its analysis. 

Suggested Reviewers: A list of up to 3 reviewers who are 
qualified to assess the scientific merit of the study is welcomed. 
Reviewer information including names, affiliations, addresses, 
and e-mail should be provided at the same time the manuscript 
is submitted online. Please do not suggest reviewers with 
known conflicts of interest, including participants or anyone 
with a stake in the proposed research; anyone from the same 
institution; former students, advisors, or research collaborators 
(within the last three years); or close personal contacts. Please 
note that the Editor-in-Chief may accept one or more of the 
proposed reviewers or may request a review by other qualified 
persons.

Language Editing: Manuscripts prepared by authors whose 
native language is not English should have their work proofread 
by a native English speaker before submission. If not, this 
might delay the publication of your manuscript in BioScience 
Trends.

The Editing Support Organization can provide English 
proofreading, Japanese-English translation, and Chinese-
English translation services to authors who want to publish 
in BioScience Trends and need assistance before submitting 

a manuscript. Authors can visit this organization directly at 
http://www.iacmhr.com/iac-eso/support.php?lang=en. IAC-
ESO was established to facilitate manuscript preparation by 
researchers whose native language is not English and to help 
edit works intended for international academic journals.

4. Manuscript Preparation

Manuscripts are suggested to be prepared in accordance with 
the "Recommendations for the Conduct, Reporting, Editing, 
and Publication of Scholarly Work in Medical Journals", as 
presented at http://www.ICMJE.org.

Manuscripts should be written in clear, grammatically correct 
English and submitted as a Microsoft Word file in a single-
column format. Manuscripts must be paginated and typed in 
12-point Times New Roman font with 24-point line spacing. 
Please do not embed figures in the text. Abbreviations should 
be used as little as possible and should be explained at first 
mention unless the term is a well-known abbreviation (e.g. 
DNA). Single words should not be abbreviated.

Title page: The title page must include 1) the title of the paper 
(Please note the title should be short, informative, and contain 
the major key words); 2) full name(s) and affiliation(s) of the 
author(s), 3) abbreviated names of the author(s), 4) full name, 
mailing address, telephone/fax numbers, and e-mail address 
of the corresponding author; and 5) conflicts of interest (if 
you have an actual or potential conflict of interest to disclose, 
it must be included as a footnote on the title page of the 
manuscript; if no conflict of interest exists for each author, 
please state "There is no conflict of interest to disclose"). 
Please visit Download Centre and refer to the title page of the 
manuscript sample.

Abstract: The abstract should briefly state the purpose of the 
study, methods, main findings, and conclusions. For articles 
that are Original Articles, Brief Reports, Reviews, or Policy 
Forum articles, a one-paragraph abstract consisting of no 
more than 250 words must be included in the manuscript. 
For Communications, Editorials, News, or Letters, a brief 
summary of main content in 150 words or fewer should be 
included in the manuscript. Abbreviations must be kept to 
a minimum and non-standard abbreviations explained in 
brackets at first mention. References should be avoided in the 
abstract. Three to six key words or phrases that do not occur in 
the title should be included in the Abstract page.

Introduction: The introduction should be a concise statement 
of the basis for the study and its scientific context.

Materials and Methods: The description should be brief 
but with sufficient detail to enable others to reproduce the 
experiments. Procedures that have been published previously 
should not be described in detail but appropriate references 
should simply be cited. Only new and significant modifications 
of previously published procedures require complete 
description. Names of products and manufacturers with their 
locations (city and state/country) should be given and sources 
of animals and cell lines should always be indicated. All 
clinical investigations must have been conducted in accordance 
with Declaration of Helsinki principles. All human and 
animal studies must have been approved by the appropriate 
institutional review board(s) and a specific declaration of 
approval must be made within this section.
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be numbered consecutively with Arabic numerals. If necessary, 
additional information should be given below the table.

Figure Legend: The figure legend should be typed on a 
separate page of the main manuscript and should include a 
short title and explanation. The legend should be concise but 
comprehensive and should be understood without referring 
to the text. Symbols used in figures must be explained. Any 
individually labeled figure parts or panels (A, B, etc.) should be 
specifically described by part name within the legend.

Figure Preparation: All figures should be clear and cited 
in numerical order in the text. Figures must fit a one- or two-
column format on the journal page: 8.3 cm (3.3 in.) wide for 
a single column, 17.3 cm (6.8 in.) wide for a double column; 
maximum height: 24.0 cm (9.5 in.). Please make sure that 
the symbols and numbers appeared in the figures should be 
clear. Please make sure that artwork files are in an acceptable 
format (TIFF or JPEG) at minimum resolution (600 dpi for 
illustrations, graphs, and annotated artwork, and 300 dpi for 
micrographs and photographs). Please provide all figures as 
separate files. Please note that low-resolution images are one 
of the leading causes of article resubmission and schedule 
delays.

Units and Symbols: Units and symbols conforming to 
the International System of Units (SI) should be used for 
physicochemical quantities. Solidus notation (e.g. mg/kg, 
mg/mL, mol/mm2/min) should be used. Please refer to the SI 
Guide www.bipm.org/en/si/ for standard units.

Supplemental data: Supplemental data might be useful 
for supporting and enhancing your scientific research and 
BioScience Trends accepts the submission of these materials 
which will be only published online alongside the electronic 
version of your article. Supplemental files (figures, tables, 
and other text materials) should be prepared according to the 
above guidelines, numbered in Arabic numerals (e.g., Figure 
S1, Figure S2, and Table S1, Table S2) and referred to in the 
text. All figures and tables should have titles and legends. All 
figure legends, tables and supplemental text materials should 
be placed at the end of the paper. Please note all of these 
supplemental data should be provided at the time of initial 
submission and note that the editors reserve the right to limit 
the size and length of Supplemental Data.

5. Submission Checklist

The Submission Checklist will be useful during the final 
checking of a manuscript prior to sending it to BioScience 
Trends for review. Please visit Download Centre and download 
the Submission Checklist file.

6. Online Submission

Manuscripts should be submitted to BioScience Trends online 
at http://www.biosciencetrends.com. The manuscript file should 
be smaller than 5 MB in size. If for any reason you are unable 
to submit a file online, please contact the Editorial Office by 
e-mail at office@biosciencetrends.com

7. Accepted Manuscripts

Proofs: Galley proofs in PDF format will be sent to the 
corresponding author via e-mail. Corrections must be returned 

Results: The description of the experimental results should 
be succinct but in sufficient detail to allow the experiments 
to be analyzed and interpreted by an independent reader. 
If necessary, subheadings may be used for an orderly 
presentation. All figures and tables must be referred to in the 
text.

Discussion: The data should be interpreted concisely without 
repeating material already presented in the Results section. 
Speculation is permissible, but it must be well-founded, 
and discussion of the wider implications of the findings is 
encouraged. Conclusions derived from the study should be 
included in this section.

Acknowledgments: All funding sources should be credited 
in the Acknowledgments section. In addition, people who 
contributed to the work but who do not meet the criteria for 
authors should be listed along with their contributions.

References: References should be numbered in the order in 
which they appear in the text. Citing of unpublished results, 
personal communications, conference abstracts, and theses in 
the reference list is not recommended but these sources may 
be mentioned in the text. In the reference list, cite the names 
of all authors when there are fifteen or fewer authors; if there 
are sixteen or more authors, list the first three followed by et 
al. Names of journals should be abbreviated in the style used 
in PubMed. Authors are responsible for the accuracy of the 
references. The EndNote Style of BioScience Trends could be 
downloaded at EndNote (https://ircabssagroup.com/examples/
BioScience_Trends.ens).

Examples are given below:

Example 1 (Sample journal reference):

Inagaki Y, Tang W, Zhang L, Du GH, Xu WF, Kokudo N. 
Novel aminopeptidase N (APN/CD13) inhibitor 24F can 
suppress invasion of hepatocellular carcinoma cells as well as 
angiogenesis. Biosci Trends. 2010; 4:56-60.

Example 2 (Sample journal reference with more than 15 
authors):

Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of 
lung cancer: Collaborative analysis of individual data from 13 
European case-control studies. BMJ. 2005; 330:223.

Example 3 (Sample book reference):

Shalev AY. Post-traumatic stress disorder: Diagnosis, history 
and life course. In: Post-traumatic Stress Disorder, Diagnosis, 
Management and Treatment (Nutt DJ, Davidson JR, Zohar J, 
eds.). Martin Dunitz, London, UK, 2000; pp. 1-15.

Example 4 (Sample web page reference):

World Health Organization. The World Health Report 2008 – 
primary health care: Now more than ever. http://www.who.int/
whr/2008/whr08_en.pdf (accessed September 23, 2010).

Tables: All tables should be prepared in Microsoft Word or 
Excel and should be arranged at the end of the manuscript after 
the References section. Please note that tables should not in 
image format. All tables should have a concise title and should 
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to the editor (proof-editing@biosciencetrends.com) within 3 
working days.

Offprints: Authors will be provided with electronic offprints 
of their article. Paper offprints can be ordered at prices quoted 
on the order form that accompanies the proofs.

Page Charge: Page charges will be levied on all manuscripts 
accepted for publication in BioScience Trends ($140 per page 
for black white pages; $340 per page for color pages). Under 
exceptional circumstances, the author(s) may apply to the 
editorial office for a waiver of the publication charges at the 
time of submission.

Misconduct:  BioScience Trends  takes seriously all 
allegations of potential misconduct and adhere to the ICMJE 
Guideline (http://www.icmje.org/recommendations) and 

COPE Guideline (http://publicationethics.org/files/Code_
of_conduct_for_journal_editors.pdf). In cases of suspected 
research or publication misconduct, it may be necessary 
for the Editor or Publisher to contact and share submission 
details with third parties including authors’ institutions and 
ethics committees. The corrections, retractions, or editorial 
expressions of concern will be performed in line with above 
guidelines.

(As of June 2020)

BioScience Trends
Editorial and Head Office

Pearl City Koishikawa 603,
2-4-5 Kasuga, Bunkyo-ku,

Tokyo 112-0003, Japan.
E-mail: office@biosciencetrends.com
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