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Developmental Origins of Health and Disease (DOHaD): 
Implications for health and nutritional issues among rural children 
in China

Aihua Feng1,2,*, Lijie Wang3,*, Xiang Chen3, Xiaoyan Liu3, Ling Li4, Baozhen Wang1, 
Huiwen Luo1, Xiuting Mo1, Ruoyan Gai Tobe1,**

1 School of Public Health, Shandong University, Ji'nan, China;
2 The Fourth People's Hospital of Ji'nan, Ji'nan, China;
3 Qilu Hospital of Shandong University,  Ji'nan, China;
4 Qilu Children’s Hospital of Shandong University, Ji'nan, China.

1. Introduction

In general, patterns of disease burden and malnutrition 
parallels and changes with socioeconomic development. 
Due to the socioeconomic gap, a huge difference between 

urban and rural settings regarding children's health, 
nutrition and development has been widely observed 
in China. Traditionally, prevalence of overweight and 
obesity in the urban area is higher than that in the rural 
area; while nutrient deficiencies and wasting among 
rural children are much more common compared to 
their urban counterparts. In China, the geographical 
and socioeconomic situation diversifies the pattern of 
malnutrition: in some poor and remote rural areas of 
Midwestern provinces, the major nutritional problems 
among children tend to be nutrient deficiencies such as 
anemia and stunting (1-3), while overweight and obesity 
among rural children have also reported, especially 

Summary In China, with fast economic growth, health and nutrition status among the rural 
population has shown significant improvement in the past decades. On the other hand, 
burden of non-communicable diseases and prevalence of related risk factors such as 
overweight and obesity has also increased. Among rural children, the double burden of 
malnutrition and emerging overweight and obesity has been neglected so far. According 
to the theory of Developmental Origin of Health and Diseases (DOHaD), malnutrition, 
including both undernutrition (stunting and wasting) and over-nutrition (overweight 
and obesity) during childhood is closely related to worsened health outcomes during 
adulthood. Such a neglected problem is attributable to a complicated synergy of social and 
environmental factors such as parental migration, financial situation of the household, 
child-rearing knowledge and practices of the primary caregivers, and has implications for 
public health. Based on literature review of lessons from the field, intervention to address 
malnutrition among rural children should be a comprehensive package, with consideration 
of their developmental environment and geographical and socioeconomic diversity. The 
scientific evidence on DOHaD indicates the probability and necessity of prevention of adult 
disease by promotion of maternal and child health and reducing malnutrition by provision 
of high-quality complementary foods, promotion of a well-balanced dietary pattern, and 
promotion of health literacy in the public would bring a potential benefit to reduce potential 
risk of diseases.
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in developed provinces (4,5). The double burden of 
malnutrition and emerging overweight and obesity 
among rural children has been neglected so far. Although 
compared to that in urban children, the prevalence 
of anemia and stunting in rural children is higher, 
overweight and its risk factors among rural children are 
emerging as well. In our interventional program, we also 
found that both wasting and overweight are relevantly 
prevalent among rural children in Shandong Province, 
a developed region in the country, and in particular 
those left behind by rural-to-urban migrant parents had 
a higher prevalence compared to their non-left-behind 
counterparts (Figure 1). Such a neglected problem is 
attributable to complicated social and environmental 
factors and has implications for public health.
 Since the 1980s, when retrospective cohort studies 
implemented by David Barker and colleagues indicated 
that the incidence of certain adult diseases such as 
cardiovascular disease and type II diabetes may be 
linked to early-age development, the hypothesis 
"Developmental Origins of Health and Disease 
(DOHaD)" and its conceptual framework has been 
established (6). Based on the theory of DOHaD, the 
beginning stages of life including pregnancy, neonatal 
period and childhood provides an essential opportunity to 
mitigate the environmental insults that may increase an 
individual's sensitivity to, or risk of developing diseases 
later in life (7). In this brief review, we examine the 
current epidemiological characteristics of malnutrition 
among rural children, their developmental environment 
and possible interventions to address the double burden 
of malnutrition and potential disease burden of non-
communicable diseases (NCDs) in view of the theory of 
DOHaD.

2. Interpretation of causes and prevention of NCDs 
based on the theory of DOHaD

Although it generated considerable skepticism and 
related mechanisms remain unclear, Barker's hypothesis 
has established an association between developmental 
origins and health at later life stages. Since then, more 
robust evidence from epidemiological work based on 
large cohorts of the population and laboratory studies 
to explore epigenetic mechanisms confirmed that 
nutritional and toxicant exposure in the early stages 
of life have a profound impact on the development of 
NCDs in adulthood and led to widespread acceptance 
of the association (8,9).
 Recently, it has been widely recognized that NCDs 
are the long-term outcome of physiological adaptations 
to the environment, and the complicated process 
referred to as "programming" (10). The process of 
programming is a complex interaction between genetic 
make-up and environmental adaptation. During early 
stages of development, when cells are differentiating 
and tissues are developing, the organism responds 

to exposure in the environment such as nutrient 
and physiological factors, drugs and environmental 
chemicals, by molecular pathways including DNA 
methylation, histone covalent modification and 
non-coding RNA expression, and such epigenetic 
modification can be passed from one cell generation 
to the next (11). The mechanisms result in permanent 
changes in physiology and metabolism of the infant. 
The early stages of development, including intrauterine, 
neonatal and infant life and early childhood, is 
the time when epigenetic marks undergo critical 
modifications, and the epigenetic system gradually 
becomes less plastic and sensitive to environmental 
alterations as the process of development finishes 
(12). Epigenetic mechanisms allow the organism to 
adapt to changing environments in order to maintain 
or improve reproductive capability; on the other hand, 
developmentally plastic processes can also have 
adverse consequences on disease risks later in life (13). 
Animal models provided robust evidence on epigenetic 
mechanisms involved in the theory of DOHaD.
 It has been proven that malnutrition, not only 
over-nutrition (overweight and obesity) but also 
undernutrition (stunting and wasting) during childhood 
are closely related to worsened health outcomes 
in adulthood (14). Maternal malnutrition, such as 
under-nutrition, obesity, excessive weight gain and 
gestational diabetes in pregnancy influence disease 
risks in the next generation (13). Besides antenatal 
issues, growth in childhood is another major influence 
on programming, as recent studies also suggested that 
epigenetic changes in metabolic pathways may not be 
limited to malnutrition in the prenatal stage, but also 
in the postnatal period. Lower birth weight coupled 
with a higher body-mass index in childhood, which is 
now common in developing countries undergoing the 
nutritional and epidemiologic transition to Western 
styles of diet, sedentary behavior, obesity, and chronic 
diseases, appears to be associated with the highest risks 
of obesity, insulin resistance, the metabolic syndrome, 
type II diabetes, and ischemic cardiovascular disease 
(15). Stunting and growth failure due to malnutrition, 
which remains at a high level in developing countries, 
is difficult to reverse after 36 months of age and rapid 
weight gain in later childhood increases the risk of 
metabolic symptoms (14,16). In developing countries 
such as Pakistan, it has been observed that poor early 
growth due to malnutrition and later obesity often co-
exist (17), and looking back to the nutritional and 
growth status of childhood, those who developed 
NCDs in adulthood tended to have below-average 
height, weight and BMI in early life with rapid weight 
gain in later childhood (14). Based on findings in 
epidemiological studies so far, the relevantly high 
burden of malnutrition in early childhood would 
increase the risk of epidemic and a high burden of 
NCDs in their adulthood in the future.
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psychological health, nutritional status and development 
(24-26). A further concern is that ‘left-behind' children 
will also be at risk of inappropriate food intake and 
malnutrition because of lack of nutritional knowledge 
among elderly caregivers (27), rather than lack of access 
to foods. In the rural area, when the financial situation 
of the household is improved, children can easily access 
high-fat or non-nutrition-based foods including snacks 
and sugar-sweetened beverages, which significantly 
affect overall energy intake and nutrient balance 
(28). In our surveyed rural children, inappropriate 
consumption of snacks and sugar-sweetened beverages, 
picky eating and unbalanced nutrient intake in meals 
is prevalent, particularly among those left-behind 
children raised by their elderly grandparents. Such a 
dietary pattern exposes children to the double burden of 
malnutrition. For most rural households, recently when 
food availability is no longer a problem with improved 
income, how to eat healthily tends to be a new issue.
 Previous studies suggested that the impact of 
parenting style on a child's health and development often 
depends on the characteristics of the primary caregiver, 
such as education, income, child-rearing beliefs, and 
behavior, rather than status of separation from parents 
or not (29). Most primary caregivers of left-behind 
children are their grandparents, whose educational level 
tends to be low and knowledge related to children's 
health, nutrition and development are poor, profoundly 
affecting child-rearing beliefs and practices. This kind 
of population often tends to be exposed to high risks 
for NCDs as well, as a national surveillance showed 
that those who are older, who live in eastern or central 
China or who are poorly educated tended to more likely 
be exposed to multiple risk factors for NCDs, such as 
insufficient intake of fruit and vegetables, overweight 
and obesity, raised blood pressure, physical inactivity, 
raised total serum cholesterol, and raised blood glucose 
(30). Therefore, in rural China, it should be highlighted 
that in such a population it is crucial to not only control 
NCDs at the community level, but also to address 
the double burden of malnutrition of rural children. 
Promotion of health-related behaviors including diet, 
physical activity and child-rearing beliefs and practices 
is expected to bring benefit to the population for 
different generations.

4. Effective solutions for double-burden of malnutrition 
among rural children in China

To tackle both nutrient deficiency and overweight among 
rural children, effective health and nutritional intervention 
for rural children in China is urgently needed. So far, 
previous studies implemented in developing countries 
suggested some effective interventions to solve specific 
problems of children's malnutrition and growth, such as 
multiple micronutrient supplementation (including iron, 
zinc, and vitamins), behavior change for complementary 

3. The developmental environment for children's 
health and development in rural China

The rural area of China recently has experienced an 
epidemiological and nutritional transition. With the 
rapid economic growth, health and nutrition status 
among the rural population has shown significant 
improvement in the past decades. On the other hand, 
NCDs such as cardiovascular diseases (CVD), type 
II diabetes mellitus and hypertension, as well as a 
prevalence of related risk factors such as overweight 
and obesity in adults and children have also increased 
in rural China (1,18,19). The shift of the disease and 
nutrition pattern is attributable to life style, health-
related behaviors and diet (20). Recently in the rural 
area, health-related behaviors including diet and 
physical activities of adults, particularly the primary 
caregivers of children, affects health and nutritional 
status of not only themselves, but also children. A 
matter of great concern requiring urgent action is to 
prevent and control NCDs by removing unhealthy 
various risk factors in daily life by both population-wide 
interventions and targeted measures for individuals at 
high risk (21).
 Social and environmental factors contributing to 
the emerging nutritional problem of rural children are 
complicated, and the underlying common background 
is a profound social mobilization with rapid economic 
growth. During the past decades a relevant amount of 
the rural migrant population moved to the urban area and 
left their children behind to grandparents. It is estimated 
that the amount of rural-to-urban migrant population 
has increased from 70 million to 221 million during the 
period from 1990 to 2010, accounting for 16.5% of the 
overall population in China, and continues to increase. 
Population mobilization has put huge pressure on public 
services in the urban area such as, education, medical 
insurance, employment, and social welfare. A relevantly 
large number of rural-to-urban migrant populations tend 
to not be covered by those public services and left their 
children at the villages. Consequently, the population 
of rural left-behind children increased rapidly as well, 
accounting approximately for 30% of rural children 
and 22% of the total number of children in the country. 
Having separated from their parents, more than half 
of those left-behind children are raised by their elderly 
grandparents.
 A child's quality of life and developmental 
outcomes are affected by the environment where he or 
she grows up (22). Parental migration tends to have a 
profound impact on both positive and negative aspects 
of a child's growth. Positively, parental migration from 
rural areas to urban areas often leads to a higher income 
and enhanced socioeconomic status (23). On the other 
hand, under a special developmental environment of 
lack of parents' involvement, such a large population 
suffers from various problems in their physical and 
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feeding, and universal salt iodization (2031). Most of 
those interventions proven effective and considered cost-
effective are for prevention of undernutrition, while the 
impact of those to prevent overweight and obesity and 
related NCDs remain uncertain (32). Moreover, what is 
already known is that comprehensive and multifaceted 
interventions rather than a single intervention would be 
more effective to tackle various nutritional problems 
among children living in developing countries. In 
a population with sufficient food, education about 
complementary feeding improves children's growth; 
while in a population with insufficient food provision 
of food supplements works. (2031). As young children's 
nutritional status results from a complex interaction of 
various factors such as food consumption, knowledge and 
practices of caregivers, and health system strengthening, 
an integrated strategy is necessary for their growth and 
development (31,33).
 It should be highlighted that the malnutrition issue 
faced by children living in rural China is unique and 
within the country nutritional epidemiology is diversified 
by regions. Except those living in remote and poor 
western regions, food is now sufficient for a relevantly 
large amount of the population and even a rapid nutrition 
transition to a high-fat, high-energy-density and low-fiber 
diet is ongoing (34,35). Therefore, interventions targeting 
the undernutrition issue among vulnerable children in 
less developed countries are suggestive for those poor 
regions where underweight and stunting is still common, 
but may be not an appropriate solution for affluent 
regions. Both at the global and national level, strategies 
to prevent and control malnutrition have focused on 
nutritional deficiency and need to be re-examined and 
aligned with measures to fight against overweight and 
obesity (26).
 To promote child-rearing practices of the primary 
caregivers, we implemented an interventional program 
during the past year targeting primary caregivers of 735 
rural children aged 3 to 6 years old who have not yet 
been admitted to the preliminary school in two counties 
of Shandong Province, a developed region in China. The 
program aimed to improve rural children's health and 
growth status, especially that of left-behind children, 
involving primary caregivers (including children's 
parents and grandparents). Left-behind children's parents 
who were working out of the villages were invited to 
the intervention when they went back during a vacation 
as well. The intervention was conducted every two-
months, consisting of a set of free-style educational and 
consulting programs on children's health and nutrition 
targeting primary caregivers, and an interaction of 
children, primary caregivers, kindergarten teachers 
and local community administrators. Such intervention 
was developed and provided by academic and clinical 
experts in various fields such as pediatrics, nutrition, and 
developmental psychology, with the main components 
focusing on children's growth and development, nutrition 

and feeding, prevention and treatment of common 
diseases, vaccination, and education and communication 
with children. In the results, when knowledge and feeding 
practices of the primary caregivers and the dietary 
pattern of children (assessed by 3-day food records and 
factor analysis) were improved after the intervention, the 
prevalence of both wasting and overweight was reduced 
significantly in the intervention group compared to that 
in the control group, and the program particularly showed 
a positive effect for the left-behind children (Figure 1). 
Improvement of health literacy and feeding practices of 
the primary caregivers contributed to alleviation of the 
double burden of malnutrition among rural children.
 Our field attempt provided a preliminary solution 
to empower the primary caregivers and to improve 
the developmental environment of rural children. The 
approach is especially appropriate for affluent rural 
regions in China, where household income is able 
to ensure availability of food. For poor and under 
developed regions, provision of complementary food 
supplements combined with knowledge enhancing the 
primary caregivers still plays a major role for improving 
feeding practices. Taking these facts into consideration, 
interventions for Chinese rural children should be a 
comprehensive package, with consideration of their 
developmental environment and geographical and 
socioeconomic diversity.
 Similar to other developed and developing countries 
of the world, emerging nutritional problems and 
non-communicable diseases occurred first in higher 
socioeconomic groups and later shifted to the less 
advantaged in China. The rural area is a high priority for 
prevention and control of NCDs in the country. Recently, 

Figure 1. Prevalence of overweight and wasting among 
rural children, in the field of Shandong Province, China.
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the incidence of NCDs and the disease burden in the 
rural area has been much higher than that in the urban 
area. Among rural residents, major risk factors such as 
overweight and obesity, inadequate physical exercise, 
and high-fat and energy-dense diet are also emerging and 
prevalent. So far, most community-based interventions 
such as promotion of diet and lifestyle have focused 
on adults and most investment has been injected into 
secondary prevention and treatment, whereas the major 
disease burden caused by non-communicable diseases 
such as cardiovascular disease and type II diabetes have 
their origins in transition from malnutrition in early 
childhood (9). The latest evidence shows overweight or 
obese children who were obese as adults had increased 
risk of type II diabetes, hypertension, dyslipidemia, and 
carotid-artery atherosclerosis and the risk is not changed 
whether they became obese or not by adulthood (26), 
suggesting early intervention during childhood could be 
more effective (38). The scientific evidence on DOHaD 
indicates the probability and necessity of prevention of 
adult disease by promotion of maternal and childhood 
health (9).
 Without effective measures to tackle the double 
burden of malnutrition among rural children, it is not 
possible to attack the epidemic of NCDs in the near 
future. Although the long-term outcome of maternal 
and infant intervention to prevent related NCDs remain 
uncertain because of the absence of high-quality cohort 
data in a short time period, the current recommendations 
based on the theory of DOHaD presume that reducing 
malnutrition by provision of high-quality complementary 
foods, promotion of a well-balanced dietary pattern, and 
promotion of health literacy in the public would bring 
potential benefits to reduce the potential risk of diseases. 
In this respect, a cross-sectional endeavor to improve the 
developmental environment of rural children will have a 
vital role to play.
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Towards government-funded special biomedical research 
programs to combat rare diseases in China
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1. Introduction

February 28, 2015 marks the eighth international "Rare 
Disease Day" coordinated by EURORDIS. On and 
around this day, over 650 awareness campaigns have 
been held by patients' organizations in more than 80 
countries and regions worldwide in line with this year's 
theme, "Day-by-day, hand-in-hand" (1), with the purpose 
of launching a blast of upsurge for the attention on 
patients with rare diseases.
 Public awareness of rare diseases has in fact 
heightened over the past ten years with the launching of 
campaigns by patients' organizations and spontaneous 

efforts by members of the public. One example is a 
charity effort known as the "Ice Bucket Challenge" that 
went "viral" via social media in the United States of 
America (USA) and then spread to the rest of the world 
in the summer of 2014 (2). This effort firmly established 
awareness of a rare disease known as "amyotrophic 
lateral sclerosis (ALS)" in the public consciousness. 
Even though "Rare Disease Day" campaigns are held 
every February since 2008 and events like the "Ice 
Bucket Challenge" occasionally surface like a flash in 
the pan, the serious challenge begins when the fever of 
spontaneous non-governmental efforts eventually dies 
down, who will fill the "vacancy" and maintain attention 
on and provide support to patients with ALS or other rare 
diseases?

2. Rare disease as an important medical and social 
issue

Rare diseases are rarely conditions that are often 
debilitating and even life-threatening, which was 

Summary Rare diseases are rarely conditions that are often debilitating and even life-threatening, 
which was identified by the World Health Organization (WHO) with a prevalence of 0.65-
1‰. 5,000-7,000 rare diseases are thought to exist, which account for around 10% of 
diseases for individuals worldwide. It is estimated that over 10 million people were patients 
with rare disease in China. During the past years, public awareness of rare diseases has in 
fact heightened with the launching of campaigns by patients' organizations and spontaneous 
efforts by members of the public, not only in developed countries and regions including 
United States of America (USA), the European Union (EU), and in Japan, but also in China. 
However, the features of missed or delayed diagnosis, shortage of effective drugs, and the 
high cost of currently available drugs for rare diseases make it an important public health 
issue and a challenge to medical care worldwide. To combat rare disease, the government 
should assume the responsibility of taking on the important task of promoting the sustained 
development of a system of medical care for and research into rare diseases. Government-
funded special biomedical research programs in the USA, EU, and Japan may serve as a 
reference for China coping with rare diseases. The government-funded special biomedical 
research programs consisting of leading clinicians and researchers to enhance basic and 
applied research on rare diseases were expected to be launched in China.
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identified by the World Health Organization (WHO) 
with a prevalence of 0.65-1‰. It is estimated that 
the combined number of patients suffering from rare 
diseases in USA and the European Union (EU) exceed 
55 million, and 5,000-7,000 rare diseases are thought 
to exist, which account for around 10% of diseases 
for individuals worldwide (3,4). It is well-known that 
rare diseases are an important medical and social issue 
(5). With the features of missed or delayed diagnosis, 
shortage of effective drugs, and the high cost of 
currently available drugs (6,7), the non-governmental 
spontaneous activities are clearly not enough to 
improve the plight for patients with rare diseases. 
Given this reality, the government should assume 
the responsibility of taking on the important task of 
promoting the sustained development of a system of 
medical care for and research into rare diseases. 
 In addition to efforts to specifically define and 
classify rare diseases, specific legislation has been 
drafted to encourage discovery and development of 
orphan drugs, and the health insurance system for 
rare diseases has been improved in many countries 
and regions, such as the USA, EU, Australia, Japan, 
and South Korea (8). Government-funded special 
biomedical research programs to enhance basic and 
applied research on rare diseases should also receive 
full attention. Evidence has shown that biomedical 
research on rare diseases could provide insight into 
the pathologies of these diseases and revealed their 
underlying mechanisms (9-11). Such work may 
ultimately reveal avenues to potential therapeutics. 
Moreover, once biomedical research identifies suitable 
drug candidates and becomes more translational, it will 
garner industry attention and potentially lead to safe 
and effective orphan drugs.

3. Government-funded special biomedical research 
programs in USA, EU, and Japan

In Western countries, many research centers or projects 
have been established to support special biomedical 
research programs on rare diseases and development 
of orphan drugs, such as the Office of Rare Diseases 
Research (ORDR) established in the USA in 1993 
within the National Institutes of Health (NIH) and the 
Rare Disease Task Force (RDTF) established in the 
EU in 2004 within the European Commission Public 
Health Directorate (8). In Asian countries, biomedical 
research on rare diseases has made great advances 
in Japan due to the system known as the Specified 
Disease Treatment Research Program established in 
1972 with the support of the Ministry of Health, Labor, 
and Welfare (MHLW) (12). 
 Over the past 5 year, new efforts have been 
instituted to combat rare diseases through government-
support biomedical research in Japan. A project 
entitled the "Early Exploratory Clinical Trial Bases 

for Specific Research Areas" was launched in 2011 in 
order to promote innovative drugs and medical devices 
from Japan for treatment of rare diseases. Pursuant 
to this project, 5 academic institutions were selected 
as national early exploratory clinical trial bases for 
specific research areas including cancer, cerebral and 
cardiovascular diseases, neuropsychiatric disorders, 
and immunological rare diseases. Two of the bases 
- the School of Medicine in Keio University and the 
University of Tokyo Hospital - have formulated specific 
plans to develop new drugs to treat immunological and 
neuropsychiatric rare diseases, promoting the translation 
of orphan drugs from basic studies to clinical use. For 
each base, the Japanese government invests up to 500 
million yen for infrastructure construction and 150 
million yen for clinical trial research led by physicians 
(13). Furthermore, the "Revision of Measures to 
Combat Intractable Diseases" was approved by the 
MHLW on January 25, 2013. This ordinance highlights 
"government-funded special biomedical research 
programs to enhance basic and applied research on rare 
diseases" as one of three pillars with which to combat 
rare diseases in Japan. One hundred and thirty diseases 
have been targeted by special research programs and 
research grants from the government, and allocated 
funds increased to 11.3 billion yen in 2013 (14).

4. Rare diseases research in China: current status 
and future perspectives

In China, although rare diseases have yet to be 
officially defined due to a delay in legislation, over 
10 million patients have rare diseases based on to the 
WHO definition of rare diseases and the incidence of 
rare diseases in other countries (15). During the past ten 
years, with the efforts from patients with rare diseases 
and their families, patients' advocacy organizations, 
health-care professionals, lawyers, and representatives 
of the People's Congress, the public awareness of 
rare diseases has indeed increased in China, however, 
the official definition of rare diseases, the specific 
legislation to encourage research of rare diseases and 
development of orphan drugs have not been established 
until now. 
 In China, support for special biomedical programs 
on rare disease research comes mainly from the 
National Natural Science Foundation of China (NSFC). 
Data show that 366 projects (involving 32 rare diseases) 
were funded by the NSFC from 1999 to 2007 with total 
funding of 89.358 million RMB and annual funding 
of about 10 million RMB; this amount represents just 
1/10th of similar funding in the USA (16), which lead to 
the lag in benefiting Chinese patients with rare diseases 
through better diagnosis and more treatment choices.
 To combat rare diseases in China, the measures of 
legislation to confirm the definition and classification of 
rare diseases, assembling accurate epidemiological data 
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on rare diseases, incentives to encourage manufacturers 
to develop orphan drugs are urgently needed. The 
government-funded special biomedical research 
programs performed in USA, EU, and Japan have 
showed that it could benefit to prompt research on the 
prevalence, diagnosis, treatment, and management of rare 
diseases, then to improve the quality of life for patients 
with rare diseases. The government-funded special 
biomedical research programs consisting of leading 
clinicians and researchers to enhance basic and applied 
research on rare diseases were expected to be launched 
in China.

5. Conclusion

The features of rare diseases make these conditions 
an important public health issue and a challenge to 
medical systems worldwide. To combat rare diseases, 
the government should assume the responsibility of 
taking on the important task of promoting the sustained 
development of a system of medical care for and 
research into rare diseases. Government-funded special 
biomedical research programs in the USA, EU, and 
Japan may serve as a reference for China coping with 
rare diseases. The government-funded special biomedical 
research programs consisting of leading clinicians and 
researchers to enhance basic and applied research on rare 
diseases were expected to be launched in China.
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1. Introduction

Hematologic abnormalities, which involved all lineages 
of blood cells and include anemia, leukopenia as well 
as thrombocytopenia, are among the most common 
complications of HIV infection (1-3). Among these 
hematologic disorders, anemia is the most common 
hematologic manifestation (2,4,5). In different studies, 
the prevalence of anemia in individuals with AIDS 

has been reported at 63% to 95%, making it more 
common than thrombocytopenia or leukopenia in AIDS 
patients (6). Hematological abnormalities, mainly 
anemia and leukopenia, in antiretroviral-naive HIV-
infected patients result in poor antiretroviral treatment 
outcome and otherwise strongly predict mortality (7,8). 
Our previous study (9) showed that anemia is highly 
prevalent among adults with newly diagnosed HIV/
AIDS in China. The overall prevalence of anemia 
among antiretroviral-naive HIV-infected patients was 
51.9%. We found that older age, lower CD4 count and 
minority ethnicity are associated with an increased 
risk of anemia in antiretroviral-naive HIV-infected 
patients. However, so far the prevalence of leukopenia 
and thrombocytopenia in the Chinese population 

Summary We conducted a cross-sectional study to determine the prevalence and risk factors of 
leukopenia and thrombocytopenia among Chinese adults with newly diagnosed HIV/
AIDS. One thousand nine hundred and forty-eight newly diagnosed HIV-infected patients 
were enrolled between 2009 and 2010. Serum samples obtained from each individual were 
collected for complete blood count. Factors associated with the presence of leukopenia and 
thrombocytopenia were analyzed by multiple logistic regression. The overall prevalence of 
leukopenia and of thrombocytopenia was 33.2% and 15.6%, respectively. The prevalence 
of leukopenia was higher among females than among males (39.4% versus 31.2%). The 
prevalence of leukopenia increased with decreasing CD4 count (8.2%, 26.5%, 33.4%, 
and 41.5% among patients with CD4 count of ≥ 350, 200-349, 50-199, and < 50 cells/mm3 
respectively). The prevalence of thrombocytopenia also showed an increasing trend with 
decreasing CD4 count (5.8%, 12.2%, 17.8%, and 17.5% among patients with CD4 count 
of ≥ 350, 200-349, 50-199, and < 50 cells/mm3, respectively). Logistic analysis showed that 
female sex, lower CD4 count, and Han ethnicity were significantly associated with an 
increased risk of leukopenia, and that lower CD4 count, and HIV transmission by blood 
were significantly associated with an increased risk of thrombocytopenia. The study 
reflects that leukopenia and thrombocytopenia are common among Chinese adults with 
newly diagnosed HIV/AIDS; and lower CD4 count is associated with an increased risk of 
both leukopenia and thrombocytopenia. We propose that a routine assessment of these 
parameters is necessary for timely and adequate clinical management.

Keywords: Acquired immune deficiency syndrome, leukopenia, thrombocytopenia, prevalence, 
risk factor, CD4+T lymphocyte count
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has not been well characterized. Considering such 
information for newly diagnosed HIV-infected patients 
may help to optimize antiretroviral treatment of HIV-
infected individuals, we conducted a cross-sectional 
study to determine the prevalence of leukopenia and 
thrombocytopenia among Chinese adults with newly 
diagnosed HIV/AIDS, and to identify demographic 
and HIV-related factors associated with the presence of 
leukopenia and thrombocytopenia.

2. Methods

2.1. Study population

The cross-sectional survey was conducted among 
antiretroviral-naive HIV-infected patients from China's 
provinces and municipalities including Xinjiang, 
Jiangxi, Henan, Heilongjiang, Guangdong, Shaanxi, 
Guangxi, Hunan, Shanghai, and Yunnan during 2009 
and 2010. The details of the study population have 
been described previously (9). In brief, antiretroviral-
naive HIV-infected patients aged 18 years or more at 
the time of enrolment with confirmed HIV infection 
were eligible for this study. Patients who were on 
antiretroviral therapy (ART) were excluded.

2.2. Blood samples

Three-milliliter venous blood samples were collected 
from each patient. Full blood-count analyses were 
performed at the study laboratories in each province 
using a CELL DYN 3200 hematology analyser 
(Abbott Laboratories, USA). All the study laboratories 
successfully completed a standardization and certification 
program.

2.3. Data collection

Data were collected according to standardized criteria. 
All participants provided information on demographic 
characteristics, risk-behavior, and laboratory test 
results. Variables in the study included age, sex, HIV 
transmission route, and CD4 count. Age was denoted as 
< 40, 40-59, or ≥ 60 years. HIV transmission route was 
categorized as sexual contact (including homosexual 
or heterosexual), blood (including blood transfusion or 
injection drug use), or unknown transmission risk. CD4 
count was denoted as < 50, 50-199, 200-349 or ≥ 350 
cells/mm3.

2.4. Statistical analysis

Statistical analysis was done using IBM SPSS Statistics 
version 19. Leukopenia was defined as total white blood 
cell (WBC) count < 4 × 109/L while thrombocytopenia 
was defined as total platelet < 100 × 109/L. Continuous 
variables were computed with standard methods and 

were expressed as mean and standard deviations (SD). 
Continuous variables were compared using t tests and 
analysis of variance. Categorical variables are reported 
as frequencies and percentage of each category. A 
chi-square test was applied for categorical attributes. 
The odds ratio and 95% confidence intervals were 
calculated to assess the relationship between each risk 
factor and the risk of leukopenia and thrombocytopenia; 
to adjust for the effects of potential confounders, we 
used multiple logistic regression models. All variables 
included in the models were determined a priori 
based on epidemiological importance and biological 
plausibility. Variables included in the models were age, 
sex, ethnicity, CD4 count, and HIV transmission route. 
The statistical test was two-tailed and performed at a 
level of statistical significance of 0.05.

2.5. Ethics statement

Written informed consent was obtained from all 
participants in accordance with this study's protocols 
and procedures approved by the Shanghai Public Health 
Clinical Center Ethics Committee. No patient identifiers 
were included in the dataset used for this analysis.

3. Results

3.1. Demographic characteristics

The study population is consisted of a total of 1,948 
adults with newly diagnosed HIV/AIDS, of which 
the detailed information has been described in our 
previous survey (9). The study sample was primarily 
male (75.8%) (n = 1,476), the mean age was 40 years, 
24.1% (n = 470) were ethnic minorities, and the mean 
CD4 count was 136 cells/mm3. Most patients (74.2%) 
acquired HIV through sexual contact (n = 1,446).

3.2. WBC counts among newly diagnosed HIV/AIDS 
patients

The mean WBC count was (5.37 ± 3.04) × 109/L, which 
was higher among males than females (p = 0.001), 
and was also higher among ethnic minority patients 
than the Han patients (p = 0.001) (Table 1). The mean 
WBC count did not differ by CD4 count, age or HIV 
transmission route (p = 0.108, p = 0.239, p = 0.220).

3.3. Platelet counts among newly diagnosed HIV/AIDS 
patients

The mean platelet count was (186.74 ± 97.26) × 109/L, 
which was higher among ethnic minority patients than 
the Han patients (p < 0.001). The mean platelet count 
differed by CD4 count and HIV transmission route, the 
mean platelet count was highest among both patients 
with CD4 counts of < 50 cells/mm3 (p = 0.002) and 

92



www.biosciencetrends.com

BioScience Trends. 2015; 9(2):91-96.93

thrombocytopenia was 13.6%, 22.9%, and 17.3% among 
patients infected with HIV through sexual contact, 
blood, and unknown transmission risk, respectively. 
The prevalence of thrombocytopenia differed by HIV 
transmission route, it was highest among patients infected 
with HIV through blood (p < 0.001). The prevalence of 
thrombocytopenia did not differ by sex, ethnicity or age (p 
= 0.932, p = 0.782, p = 0.284).

3.6. Risk factors for leukopenia among newly diagnosed 
HIV/AIDS patients

In a multivariate analysis using a logistic regression 
model, we analyzed factors associated with the 
presence of leukopenia. Female sex, Han ethnicity and 
lower CD4 count were significantly associated with an 
increased risk of leukopenia. HIV transmission route 
and age failed to show an association with the presence 
of leukopenia (Table 3).

3.7. Risk factors for thrombocytopenia among newly 
diagnosed HIV/AIDS patients

In a multivariate analysis using a logistic regression 
model, we analyzed factors associated with the presence 
of thrombocytopenia. Lower CD4 count and HIV 
transmission by blood were significantly associated 
with an increased risk of thrombocytopenia. Sex, 
ethnicity and age failed to show an association with the 
presence of thrombocytopenia (Table 3).

patients infected with HIV through sexual contact (p < 
0.001) (Table 1). The mean platelet count did not differ 
by sex or age (p = 0.581, p = 0.807).

3.4. Prevalence of leukopenia among newly diagnosed 
HIV/AIDS patients

Among the 1,948 patients, 646 (33.2%) had leukopenia 
(Table 2). The prevalence of leukopenia was higher 
among females than among males (39.4% versus 31.2%) 
(p = 0.001). The prevalence of leukopenia was 8.2%, 
26.5%, 33.4%, and 41.5% among patients with CD4 
counts of ≥ 350, 200-349, 50-199, and < 50 cells/mm3, 
respectively. The prevalence of leukopenia increased 
with decreasing CD4 count (p < 0.001). The prevalence 
of leukopenia did not differ by ethnicity, age or HIV 
transmission route (p = 0.119, p = 0.585, p = 0.521).

3.5. Prevalence of thrombocytopenia among newly 
diagnosed HIV/AIDS patients

Among the  1 ,948 pa t ien ts ,  303  (15 .6%) had 
thrombocytopenia (Table 2). The prevalence of 
thrombocytopenia was 5.8%, 12.2%, 17.8%, and 17.5% 
among patients with CD4 counts of ≥ 350, 200-349, 50-
199, and < 50 cells/mm3, respectively. The prevalence 
of thrombocytopenia showed an increasing trend with 
decreasing CD4 count (p < 0.001). The prevalence of 

Table 1. The WBC and platelet counts among newly 
diagnosed HIV/AIDS patients

Cohort

Number
Overall
Range
Sex
    Male
    Female
    p value for difference
Ethnicity
    Han
    Minority ethnicity
    p value for difference
CD4 count, cells/mm3

    < 50
    50-199
    200-349
    ≥ 350
    p value for difference
Age, years
    18-39
    40-59
    ≥ 60
    p value for difference
HIV transmission route
    Sexual contact
    Blood
    Unknown transmission risk
    p value for difference

     WBC 
(mean ± SD)

     1,948
5.37 ± 3.04
(0.53, 37.70)

5.49 ± 3.02
4.98 ± 3.09
     0.001

5.22 ± 2.85
5.83 ± 3.55
     0.001

5.39 ± 3.59
5.26 ± 2.95
5.24 ± 2.18
5.87 ± 1.95
     0.108

5.44 ± 3.26
5.21 ± 2.61
5.51 ± 3.23
     0.239

5.33 ± 3.00
5.61 ± 3.28
5.19 ± 2.91
     0.220

        PLT 
 (mean ± SD)

        1,948
186.74 ± 97.26
        (1, 626)

186.05 ± 96.99
188.89 ± 98.19
         0.581

181.99 ± 92.79
201.67 ± 108.90
       < 0.001

196.42 ± 108.08
178.54 ± 96.36
178.87 ± 82.11
188.00 ± 70.35
         0.002

187.57 ± 100.39
184.92 ± 93.63
189.21 ± 91.80
         0.807

192.06 ± 96.22
168.75 ± 98.39
177.01 ± 99.45
       < 0.001

WBC: white blood cell; PLT: platelet; SD: standard deviation.

Table 2. Prevalence of leukopenia and thrombocytopenia 
among newly diagnosed HIV/AIDS patients

Cohort

Number
Overall
Sex
    Male
    Female
    p value for difference
Ethnicity
    Han
    Minority ethnicity
    p value for difference
CD4 count, cells/mm3

    < 50 
    50-199 
    200-349
    ≥ 350
    p value for difference
Age, years
    18-39
    40-59
    ≥ 60
    p value for difference
HIV transmission route
    Sexual contact
    Blood
    Unknown transmission risk
    p value for difference

Leukopenia

1,948
33.2%

31.2%
39.4%
0.001

34.1%
30.2%
0.119

41.5%
33.4%
26.5%
8.2%

< 0.001

32.3%
34.6%
32.9%
0.585

33.0%
32.1%
37.0%
0.521

Thrombocytopenia

1,948
15.6%

15.5%
15.7%
0.932

15.4%
16.0%
0.782

17.5%
17.8%
12.2%
5.8%

< 0.001

16.6%
14.5%
12.7%
0.284

13.6%
22.9%
17.3%
< 0.001
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4. Discussion

In present study, we observed a high prevalence of 
leukopenia and thrombocytopenia among newly 
diagnosed, antiretroviral-naive HIV-infected Chinese 
adults. Together with our previous study (9), the data 
indicate that hematologic abnormalities are relatively 
prevalent among antiretroviral-naive HIV-infected 
patients. The results from our studies further demonstrate 
that antiretroviral-naive HIV-infected patients exhibit 
a wide range of hematologic abnormalities. Anemia is 
the most common hematological abnormality, followed 
by leukopenia and thrombocytopenia. Cytopenias often 
cause symptoms and contribute to the complications 
suffered by AIDS patients like infections, anemia and 
bleeding. Medical professionals across all disciplines 
need to be aware of the hematological complications of 
HIV infection. Our findings constitute further evidence 
of the need for monitoring hematologic parameters 
of HIV-infected patients, both before ART initiation 
and routinely during treatment. Routine blood tests 
are currently recommended for HIV-infected patients 
both before and after initiating ART by HIV care and 
treatment guidelines. 
 In addition, our study showed that the overall 
prevalence of both leukopenia and thrombocytopenia 
increased with decreasing CD4 count, and that lower 
CD4 count was associated with an increased risk of 
both leukopenia and thrombocytopenia. Together with 
our previous investigation on anemia among the same 
population (9), these associations suggest that the 
stage of HIV-infection is an important determinant to 
pretreatment hematologic abnormalities. Hematologic 
manifestations of HIV infection are common and more 
frequent with progression of disease. A similar study 
demonstrated that blood cytopenias mainly occur in 

HIV patients with advanced immunosuppression and 
clinical stages (10). Another study found an association 
between CD4 count and hemoglobin level, neutrophil 
count, and platelet count (7). These results suggest that 
the presence of hematologic abnormalities in newly 
diagnosed HIV-infected patients is related to HIV 
infection itself. Therefore, it is important to identify 
patients with hematologic abnormalities and to consider 
HIV as a possible underlying cause.
 The origin of hematological disorders in HIV 
infection remain to be studied. Current observations 
suggest that HIV infection may affect processes 
important during early stages of hematopoiesis or stem 
cell differentiation (11). Both a direct cytopathic effect of 
HIV on haemopoietic progenitors and an immune system 
mediated mechanism are involved in hematological 
abnormalities (1). Multiple interacting factors contribute 
to the hematological manifestations of HIV disease, 
it could be due to direct effects of HIV infection, 
opportunistic infections, lymphomas, malignancy or 
side effects of therapy. A study isolated the impact of 
HIV infection alone on hematologic manifestations 
and confirmed that these changes were reversible by 
ART (12). Therefore, control of the HIV infection will 
have the main role in the management of hematological 
manifestations of HIV.
 Similar to our previous study on anemia in 
antiretroviral-naive HIV-infected patients, both 
demographic and HIV-related factors were associated 
with leukopenia and thrombocytopenia (9). In our 
study population, hematologic abnormalities were 
significantly associated with the factors of sex (only for 
leukopenia), age (only for anemia), ethnicity (except for 
thrombocytopenia), and HIV transmission route (only 
for thrombocytopenia). These findings provide focused 
targets for improving routine screening for hematologic 

Table 3. Identification of risk factors for the presence of leukopenia or thrombocytopenia among newly diagnosed HIV/
AIDS patients, results of the regression model

Cytopenia/Risk factor

Leukopenia
    Female sex
    Minority ethnicity
    Age,per 20-year increment
    CD4 count, per increase of 150 cells/mm3

    HIV transmission route
        Sexual contact
        Blood
        Unknown transmission risk 
Thrombocytopenia
    Female sex
    Minority ethnicity
    Age,per 20-year increment
    CD4 count, per increase of 150 cells/mm3

    HIV transmission route
        Sexual contact
        Blood
        Unknown transmission risk 

p value

0.001
0.010
0.570

< 0.001
0.418

-
0.212
0.555

0.789
0.689
0.193

< 0.001
< 0.001

-
< 0.001
0.210

95% CI

(1.180, 1.835)
(0.585, 0.930)
(0.897, 1.218)
0.547, 0.681)

-
-

(0.908, 1.542)
(0.784, 1.573)

(0.778, 1.392)
(0.703, 1.262)
(0.711, 1.071)
(0.630, 0.834)

-
-

(1.571, 2.869)
(0.854, 2.045)

CI: Confi dence interval. 

Odds ratio

1.471
0.738
1.045
0.610

-
1.000
1.184
1.111

1.040
0.942
0.873
0.725

-
1.000
2.123
1.322
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abnormalities in order to reduce the morbidity of the 
HIV-infected patients. Our findings have implications 
for the optimal choice of initial antiretroviral agents, 
monitoring of ART toxicities, and improvement of ART 
programs, especially in resource-limited countries.
 Our findings are consistent with several published 
studies, which also indicate high leukopenia and 
thrombocytopenia prevalence and similar associated 
risk factors in HIV-infected patients. A study conducted 
among adult Zimbabweans showed that the prevalence 
of leukopenia and of thrombocytopenia was 11.7% 
and 24.7%, respectively (13).  Leukopenia and 
thrombocytopenia were seen in 26.8% and 21.7% of HIV 
patients with CD4 counts less than 200 cells/mm3 in India, 
respectively (14). Leukopenia and thrombocytopenia 
occurred in 24.3% and 8.3% of adult AIDS patients at 
initiation of ART in Uganda, respectively (15). The study 
in Uganda showed that the presence of any cytopenia 
was associated with female sex, decreasing CD4 count 
and decreasing body mass index. An investigation 
in South Korea found that the leading risk factor for 
cytopenia was AIDS status at initial presentation 
(12). Another study showed that neutropenia was 
associated with CD4 and platelet counts; and that 
thrombocytopenia was associated with country, gender, 
and chronic hepatitis B infection (16). However, studies 
in India (17) and Rwanda (5) did not find a significant 
correlation between thrombocytopenia and low CD4 
count. The differences in the prevalence and risk factors 
could be attributed to demographic characteristics, 
geographical location, cut-off values used to define the 
cytopenias, and different stages of HIV illness in the 
study populations.
 However, there are several limitations with our study. 
First, potential sample selection bias may have affected 
the findings. The HIV epidemic is serious in some 
provinces and among some most-at-risk populations 
in China. The study population is not representative of 
the entire HIV-positive population in China and so the 
results may not be generalizable. Second, this was an 
observational study, we were able to examine potential 
associations but were not able to assess causation, so it is 
not clear if the cytopenias preceded the HIV infection or 
vice versa. Third, cytopenias are associated with several 
factors including geographical location and comorbidities 
such as tuberculosis, hepatitis B infection, fever and 
oral candidiasis (15), these factors were not assessed in 
our study. Therefore, we were not able to determine the 
association between these factors and the prevalence 
of cytopenias. Furthermore, if these variables had been 
controlled for, some variables such as CD4 count might 
not have remained significant in the logistic regression 
model. In addition, we did not collect the information 
about concomitant medication use and were not able to 
assess its impact on cytopenias in this population.
 In conclusion, leukopenia and thrombocytopenia are 
common among Chinese adults with newly diagnosed 

HIV/AIDS. Lower CD4 count is associated with an 
increased risk of both leukopenia and thrombocytopenia 
in antiretroviral-naive HIV-infected patients. We propose 
here that a routine assessment of these parameters is 
necessary for timely and adequate clinical management.
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1. Introduction

Hepatitis C is an infectious liver disease, caused by 
the hepatitis C virus (HCV) (1). The infection is often 
asymptomatic especially in its early stages, but once 
established, 74% to 86% of newly infected persons 
will develop chronic infection and the chronic stage 
constitutes one of the leading causes of cirrhosis and 
hepatocellular carcinoma (HCC) (2,3). HCV infection 
is a major public health problem in both developing and 
developed countries. The World Health Organization 
estimated that about 130 to 170 million people, 2% 
to 3% of the world's population, currently are HCV 

infected. Moreover, there are about 3 to 4 million new 
cases every year (4).
 In 2012, HCV infection was the fourth most 
commonly reported infectious disease in China following 
hepatitis B virus infection, pulmonary tuberculosis and 
dysentery (5). Recent data estimated that up to 25 million 
Chinese were HCV infected (6). The prevalence of 
HCV infection ranged from 0.43% to 3.2%, and varied 
geographically and temporally in China (7-9). During the 
past decades, most of studies related to HCV infection in 
China focused on hospital based and high risk population 
groups including blood donors and receivers, drug 
abusers, individuals with HIV, and sex workers (10-13); 
while there were only a few large-scale studies in China 
which concentrated on HCV prevalence in the general 
population (8,9,14).
 On the basis of the availability of new, direct-
acting antiviral medications, we have entered a new 
era of hepatitis C therapeutics with an enormous 
opportunity to prevent morbidity and mortality among 

Summary Hepatitis C virus (HCV) infection remains a major public health problem. The objective 
of the current study was to reveal the seroepidemiology of HCV in the general population 
in Mianyang City. This study collected 438,575 blood samples from participants who had 
enrolled in the National Science and Technology Development Project and their demographic 
information, and then evaluated HCV antibody and alanine aminotransferase (ALT) levels. 
The overall anti-HCV positive rate was 0.80% (3,491/438,575) in the Mianyang general 
population, and it was 1.19% in rural population and 0.20% in urban. Anti-HCV positive rate 
increased with age, peaked at 45-54 years (2.01%), and then decreased. Anti-HCV prevalence 
was higher in males (0.89%) than that in females (0.73%). The prevalence of anti-HCV in 
participants with a history of blood transfusion, surgery, or with a previous diagnosis of 
hypertension was higher. The abnormal ALT levels (> 40 IU/L) were observed in 50.11% and 
7.74% of anti-HCV positive and negative groups, respectively. In anti-HCV positive groups, 
the rate of abnormal ALT levels was higher in 55-64 age groups, male, and rural population. 
Though Mianyang was a low endemic area for HCV infection, the alarming fact was the 
large number of abnormal ALT levels in patients related to hepatitis C. This revealed delayed 
diagnosis and treatment of HCV infections. It is a necessity to promote early diagnosis and 
timely treatment of HCV infections.

Keywords: Seroepidemiology, hepatitis C virus antibody, alanine aminotransferase, general 
population, China
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people with HCV infection (15). In this regard, a 
good understanding of HCV prevalence is important 
for prevention and treatment of HCV. Here, using 
blood samples and data that had been collected from 
the National Science and Technology Development 
Project for infectious disease prevention and control 
in Mianyang, Sichuan province, we conducted a 
seroepidemiology study to explore the HCV prevalence 
and the alanine aminotransferase (ALT) level to 
investigate the clinical and virological characteristics 
as well as treatment outcomes in the general population 
in Mianyang. We believe this study will help to devise 
strategies by health policy makers for control of 
hepatitis C disease.

2. Materials and Methods

2.1. Survey design

The National Science and Technology Development 
Project which was carried out from February 2010 to 
June 2012 had been initiated to collect data on hepatitis 
B virus (HBV), HCV and tuberculosis infection status in 
the general population in Mianyang, the second largest 
city of Sichuan province (Figure 1). The project used a 
cluster sampling design. There are nine administrative 
divisions: two districts and seven countries. One 
district of Fucheng and one country of Anxian, were 
selected randomly (Figure 1). Then, 8 sub-districts and 
14 towns from Fucheng, and 18 towns from Anxian 
were randomly selected. Finally, within each town/
sub-district, two villages/communities were selected 
according to economic level. In these participant sites 
that we selected, the study included all local residents 
and migrant workers who had lived there for 6 months.
 After the staff received appropriate training from 
the lead researchers for this project, data collection 
was conducted in examination centers at local health 
stations and community clinics that were located in sub-
district/towns that the project had chosen. According 
to a standard protocol, trained staff conducted face-to-
face interviews via questionnaires after obtaining written 
consent from the participants. The questionnaire collected 
demographic information (including gender, age, and 
area of residence) and medical history information 
(including history of diabetes, history of hypertension, 
family history of hepatocellular carcinoma, blood 
transfusion and surgical intervention); and each copy of 
the questionnaire had a unique identification number. 
After the interview, a 5-mL serum sample, labeled with 
the same identification number as questionnaire, was 
collected from each participant. Blood samples were 
properly stored in a low temperature container (controlled 
from 4-8°C), and were transported daily to laboratory test 
hospitals for sample processing and serological testing.
 For HCV and ALT testing, available blood samples 
after HBV testing were used. The study was approved 

by the Ethics Committee of West China Hospital, 
Sichuan University.

2.2. Laboratory testing

Commercial third-generation enzyme immunoassay 
kits (ELISAs) (Xinchuang Core Anti-HCV ELISA kit, 
Xiamen, China) were used for HCV antibody testing. 
Verification of positive samples was carried out by 
retesting the samples using the same kits. Only samples 
that were positive on both tests were considered to be 
true positive, which was the indicator of previous HCV 
contact history.
 Serum ALT quantitation was performed after being 
screened for anti-HCV antibodies. Quantitation was 
achieved using a coupled enzyme and indicator reaction 
that utilizes pyruvate for a kinetic determination 
of NADH consumption measured by an automated 
biochemical analyzer (CS-T300, Dirui, China). 
Abnormal ALT levels were defined as greater than 40 
IU/L.

2.3. Statistical analysis

We used Chi-square test to compare anti-HCV positive 
rates by different characteristics. We also used Chi-
square test to compare the ALT level by age, sex and 
area. SPSS 17.0 software located in the Epidemiology 
and Biostatistics Department of West China School 
of Public Health at Sichuan University was used 
for analysis. p value < 0.05 was considered to be 
statistically significant.

3. Results

3.1. Demographic characteristics

A total of 438,575 serum samples were available 
for HCV screening from the participants. Of these 
participants, 175,161 (39.94%) were from the urban 
area and 263,414 (60.06%) from rural area. There were 
200,942 (45.8%) male and 237,633 (54.2%) female 
participants. The age of the participants ranged from 
1 to 90 years, with a mean of 35.91 ± 21.15 years old. 

98

Figure 1. Map of Mianyang, China, showing the location 
of Mianyang (the star) and the two counties (black areas) 
selected for sampling in the study.
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females showed the highest anti-HCV prevalence in the 
age group 45-54 years. The difference in sex-specific 
prevalence widened with age and reached a maximum 
in the 45-54 year-old age group, followed by a decrease 
with advancing age (Table 1, Figure 3).
 The overall prevalence of anti-HCV in rural areas was 

Moreover, all the individual samples were categorized 
into seven age groups: 1-14, 15-24, 25-34, 35-44, 45-
54, 55-64, ≥ 65. The proportions of these age groups 
were 21.5%, 17.1%, 6.8%, 16.5%, 14.1%, 14.1%, 9.8%, 
respectively.

3.2. Anti-HCV positive rate

3,491 were anti-HCV positive by ELISA, and the overall 
anti-HCV prevalence was 0.80% (3491/438,575). 
Statistical differences were observed considering the 
age group criterion. Anti-HCV prevalence was lowest in 
the 1-14 years old group (0.08%, 71/94,349). Anti-HCV 
prevalence increased with age, peaked at the 45-54 years 
old group (2.01%, 1,243/60,676), and then decreased. 
The individuals in age group 45-54 years showed an 
about 25-fold higher rate of anti-HCV seropositivity 
when compared with the individuals in age group 1-14 
years. Overall, the individuals aged between 35-64 
years represented 85% (2,951/3,491) of the anti-HCV 
seropositive subjects (Table 1, Figure 2).
 The prevalence of anti-HCV was 0.89% in males 
(1,766/200,942) and 0.73% in females (1,725/235,908). 
The sex-specific prevalence of anti-HCV showed 
higher rates in male patients in each age group, except 
for individuals aged 25 to 34 years. Both males and 

Table 1. Prevalence of anti-HCV stratifi ed by different characteristics in Mianyang

Characteristics

Age groups

    1-14
    15-24
    25-34
    35-44
    45-54
    55-64
    ≥ 65
Sex
    Female
    Male
Area
    Urban
    Rural
HBsAg positivity
    No
    Yes
Blood transfusion
    No
    Yes
Surgery
    No
    Yes
History of hypertension
    No
    Yes
History of diabetes
    No
    Yes
Family history of HCC
    No
    Yes

Total samples

  94349
  75145
  29949
  72393
  60676
  62015
  42628

237633
200942

175161
263414

407239
  31336

435999
    2576

409317
  29258

420783
  17792

436683
    1892

437857
      718

Anti-HCV positive case

    71
  138
  154
  941
1243
  767
  177

1725
1766

  345
3146

3331
  160

3434
    57

3085
  406

3318
  173

3474
    17

3489
      2

Anti-HCV positive rate (%)

0.08
0.18
0.51
1.30
2.01
1.24
0.41

0.73
0.89

0.20
1.19

0.82
0.51

0.79
2.21

0.75
1.39

0.79
0.97

0.80
0.90

0.80
0.28

    χ2

2623.10

    32.26

1325.25

    34.81

    65.87

  138.98

      7.30

      0.25

      2.44

p value

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.007

0.62

0.12

Figure 2. Overall characterization of anti-HCV by age 
group. Bars represent the number of anti-HCV positive cases 
in each group indicated by left vertical axis, and the squares 
represent the prevalence in each group indicated by right 
vertical axis. The horizontal axis represents the age ranges.
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1.19% (3,146/263,414), which was much higher than that 
in urban areas, 0.20% (345/175,161). The individuals 
living in rural areas represented 90% of the anti-HCV 
seropositive subjects. The disparity in prevalence between 
rural areas and urban areas increased with age such that 
the largest differences were apparent in individuals of 
45-54 years of age. In individuals aged 45-54 years, the 
prevalence of HCV infection was 4.8 times higher among 
rural areas than urban areas (Table 1, Figure 4).
 There were 31,336 people out of the population 
of 438,575 in Mianyang whose serum tested positive 
for HBsAg, and the HBV infection rate was 7.15%. 
There were 160 people who were anti-HCV positive 
among the 31,336 HBsAg-positive patients. The HCV 
concurrent infection rate was 0.51%, slightly lower than 
the HCV infection rate (0.80%) of the local general 
population. Significant differences were observed for 
blood transfusion, surgery and history of hypertension 
regarding the prevalence of anti-HCV. The prevalence 
of anti-HCV in participants with a history of blood 
transfusion, surgery, or with a previous diagnosis of 
hypertension was higher (Table 1). However, a previous 
diagnosis of hypertension might not be truly related to 
HCV prevalence. Because the sample size of the study 
was large, any small difference could be detected.

3.3. ALT levels

There were 13 missing ALT values in the anti-HCV 
positive group. The overall prevalence of abnormal ALT 
level was 8.07%. It was higher in the anti-HCV positive 
group (50.12%) than in the anti-HCV negative group 
(7.74%).
 In the anti-HCV positive group, the prevalence of 
abnormal ALT levels increased with age, from 14.08% in 
the 1-14 year group to 57.92% in the 55-64 year group, 
and then decreased. The prevalence of abnormal ALT 
was higher in males (57.25%) than in females (42.82%), 
and it was also higher in rural areas (52.50%) than in 
urban areas (28.28%). See Table 2.

Figure 3. Sexual characterization of anti-HCV by age 
group. The left vertical axis represents the prevalence of 
anti-HCV. The dots represent the prevalence in males in each 
group, and the squares represent the prevalence in females in 
each group. The horizontal axis represents the age ranges.

Figure 4. Regional characterization of anti-HCV by age 
group. The left vertical axis represents the prevalence of 
anti-HCV. The dots represent the prevalence in rural areas 
in each group, and the squares represent the prevalence in 
urban areas in each group. The horizontal axis represents the 
age ranges.

Table 2. Serological features of abnormal ALT prevalence in anti-HCV positive group

Items

Total
Age groups
    1-14
    15-24
    25-34
    35-44
    45-54
    55-64
    ≥ 65
Sex
    Female
    Male
Area
    Urban
    Rural

NO. anti-HCV positive

3478

    71
  137
  153
  939
1238
  763
  177

1719
1759

  343
3135

NO. ALT > 40 IU/L

1743

    10
    29
    31
  482
  689
  442
    60

  736
1007

    97
1646

Abnormal ALT rate (%)

50.12

14.08
21.17
20.26
51.33
55.65
57.92
33.90

42.82
57.25

28.28
52.50

    χ2

190.34

  72.44

  72.57

p value

< 0.001

< 0.001

< 0.001
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4. Discussion

As the fourth most commonly reported infectious disease 
in China, HCV infection can be expected to make up 
an increasingly large portion of the disease burden in 
the future. A seroepidemiology survey of hepatitis C 
infection is important for prevention and treatment of the 
disease (16). In 1992, the first nationwide cross-sectional 
seroepidemiologic survey of hepatitis C infection with 
a total of approximately 68,000 participants showed 
the prevalence of anti-HCV was 3.2% in the general 
population aged from 1 to 59 years (8). However, 
two recent studies reported a lower prevalence in the 
general population. In 2006, China Center for Disease 
Control and Prevention (CCDC) reported that the 
overall prevalence of anti-HCV was 0.43% among the 
population of 1 to 59 years old on the basis of 78,746 
blood samples (10); in 2007, another study with 9538 
serum samples collected from 6 regions reported that 
the overall positive rate of anti-HCV was 0.58% (9). 
New regulations on forbidding paid blood donations and 
the reuse of unsterilized needles for medical injections, 
increased health education, and more accurate diagnostic 
technologies in recent years might explain differences 
among these findings.
 Our study reported that the positive rate of anti-
HCV in the general population of Mianyang was 0.80% 
(3,491/438,575), which is higher than the previously 
reported rates in 2006 and 2007. The rate was very close 
to the result of a screening of 157,168 people in Jiangsu 
province where the total positive rate of anti-HCV was 
0.79% (15).
 Each age group contained at least one HCV infected 
person in Mianyang, but the anti-HCV positive rates 
differed. In spite of different gender and residential areas, 
the anti-HCV positive rate increased with age, reached 
a peak at 54 years old, and then declined. This implied a 
steady cumulative increase in incidence, probably caused 
by the sporadic transmission of virus persisting in the 
community/village through the years, and the high rate 
of chronic infection related to the natural history of HCV 
infection. After 54 years old, an increase in mortality 
among HCV-infected people may explain the decrease in 
prevalence of HCV infection.
 Our analysis also found that individuals aged from 35 
to 64 years represented 85% of the anti-HCV seropositive 
subjects. This finding was similar to a report from the 
United States that individuals born between 1945 and 
1965 (aged from 40 to 59) comprised 81% of all chronic 
HCV infections (17). Given that, the Centers for Disease 
Control and Prevention of the U.S recommended a 1-time 
HCV test for all people born during that period (18). This 
recommendation could help to identify most individuals 
living with HCV. With implementation of this strategy, 
the U.S potentially averted approximately 120,000 deaths 
caused by HCV infection (19).
 Interestingly, HCV infection disproportionately 

affected men more than women in this survey. Males 
showed a 1.2 times higher HCV infection rate than 
females, whereas other studies have reported equality 
between sexes or even female predominance in HCV 
infection (8,20-22). The underlying reason of male 
predominance in this study is still not clear. However, 
studies have demonstrated that, on average, about 20% of  
HCV infected individuals would spontaneously clear the 
virus after initial infection, and women were more likely 
to clear the virus spontaneously (23,24). In addition, we 
hypothesized that there may be more chances for men 
to be infected by HCV through unhealthy lifestyles or 
behaviors, such as smoking, drinking, poor hygiene, and 
unhealthy sexual activities.
 We also found significant regional differences in 
the anti-HCV positive rate in Mianyang. Most of the 
HCV-infected persons resided in rural areas, which was 
inconsistent with previous studies in China (16,25). We 
suppose that this phenomenon was related to commercial 
blood selling in rural areas. Some studies have 
demonstrated that paid blood donors living in villages 
have comparatively higher anti-HCV rates (26,27). 
Before 1998, there were a number of commercial blood 
donors living in rural areas of China. These blood donors 
sold blood to unlicensed private blood collection centers 
for payment (28). Some of these illegal centers used 
unsafe blood collection methods, such as the reuse of 
none-sterilized needles and reinfusion of pooled red 
blood cells from multiple donors, which could easily lead 
to HCV infection. Given the greater burden of infection 
in rural areas, appropriate prevention measures to control 
the transmission of virus in rural areas were urgent. 
Health education, more thorough screening for HCV 
infection and early link of age-to-care and treatment 
initiation in rural areas were critical.
 Although hepatitis B and hepatitis C have similar 
transmission routes, and although there was no vaccine 
for prevention of HCV, the study found that the HCV 
and HBV infection rates were significantly different 
in the general population in Mianyang (0.80% vs. 
7.15%). Among the HBsAg-positive patients, the HCV 
concurrent infection rate was 0.51%, which is lower 
than that reported in other literature (29,30). Though 
there was a small amount of HBV and HCV coinfection, 
patients with dual HBV/HCV infection have a higher 
risk of progression to cirrhosis and decompensated liver 
disease than those in patients with monoinfection (31,32). 
So it is important for early detection and treatment of 
coinfection. 
 Participants with a history of blood transfusion had 
a higher prevalence of HCV infection in this study. In 
China, several studies have found that a history of blood 
transfusion was the most prevalent risk factor for HCV 
infection (14,21,25,33). This may be associated with 
commercial plasma donation in rural areas of China in 
the 1980s. Our study also found that participants with a 
history of surgery had a higher prevalence of HCV. In 
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the past, in some township hospitals, there were poor 
sterilization procedures and no HCV detection before 
surgery, which could easily lead to HCV infection.
 ALT levels were related to HCV infection status in 
Mianyang. The anti-HCV positive group had a higher 
prevalence of abnormal ALT compared with the anti-
HCV negative group. The association between abnormal 
ALT and gender was consistent with previous studies, 
which reported that males were associated with a higher 
prevalence of abnormal ALT than females (34,35). 
However, unlike previous studies, we found that 
individuals ≥ 65 years did not have a higher prevalence 
of abnormal ALT in our study (36). Because ALT was 
presumed to be a marker of hepatic inflammation, our 
finding demonstrated that HCV infection could lead to 
chronic necro-inflammatory hepatic damage. Moreover, 
some prospective studies showed that persistently 
abnormal serum ALT levels were strongly associated 
with high incidences of HCC in individuals positive 
for anti-HCV (37,38). However, there usually were no 
symptoms in HCV-infected individuals when ALT was 
slightly elevated. Once symptoms appear, most HCV 
infected persons have already developed HCC (38). 
Since abnormal ALT comprised a large proportion of 
individuals infected with HCV in the current study, it 
is important for these people to receive early antiviral 
treatment and regular follow-up to reduce the risk of 
developing HCC.
 There are several limitations that should be considered 
in this study. First, HCV virological assessments 
including HCV RNA levels and HCV genotypes were 
not performed. Our conclusions drawn from HCV 
seroprevalence estimates was weakened by the limitation 
of antibody testing for distinguishing between past and 
current infection. Library testing was conducted in local 
township hospitals or community hospitals. However, 
HCV RNA and HCV genotypes tests require a full set 
of equipment and complicated techniques, which could 
not be achieved in these hospitals. Further studies need 
to be done to calculate the current HCV infection rate 
and HCV genotype distribution in Mianyang. Second, as 
this was a cross-sectional survey, we could only find that 
anti-HCV prevalence was associated with the age at the 
time of survey, but can't determine whether it is related 
to the year of birth or not. To better explore birth cohort 
effects, further research requires direct measurements 
or estimation of more representative birth-specific 
prevalence rates. Third, we did not collect enough 
information on the potential exposure to HCV infection, 
such as blood donation, family history of HCV infection, 
and dental therapy, so we could not determine how 
HCV spread in Mianyang. Despite these disadvantages, 
to the best of our knowledge, this is the largest 
seroepidemiological study concerning the prevalence of 
anti-HCV in the general population.
 In conclusion, this large-scale cross-sectional study 
shows that anti-HCV prevalence among the general 

population in Mianyang is slightly higher than the 
national average prevalence. Insights from the analysis 
of this large-scale HCV seroepidemiological survey are 
fundamental to guide future HCV research and other 
interventions. Information from this study will also be 
useful for government to make policy for HCV treatment 
and prevention scientifically.
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1. Introduction

Hepatic hemangioma, the most common benign hepatic 

tumor (1), accounts for 0.4-20% of all hepatic tumors 
(2). The vast majority of hemangioma cases present 
no specific clinical manifestations, and its diagnosis 
has depended mainly on such imaging tests as B-mode 
ultrasound scans (US), contrast enhanced ultrasound 
(CEUS), contrast enhanced computed tomography 
(CECT), and contrast enhanced magnetic resonance 
imaging (CEMRI). 
 B-mode US, noninvasive, economical, convenient 
and non-radioactive, has been found effective in 
detecting hepatic hemangiomas. On B-mode US, 
hemangiomas appear typically as a hyperechoic and 

Summary This study aims to compare contrast enhanced ultrasound (CEUS) and contrast enhanced 
magnetic resonance imaging (CEMRI) for the detection and characterization of hepatic 
hemangiomas. Included in this retrospective study were 83 histopathologically confirmed 
lesions of hemangioma in 66 hospitalized patients who underwent both CEUS and CEMRI 
and received surgery. The enhancement patterns on CEUS and CEMRI in each lesion 
were compared and analyzed. In addition, data obtained by the two modalities were then 
compared with the pathological findings to determine their value in differential diagnosis of 
hepatic hemangiomas. CEUS diagnosed 78 lesions of hemangioma against 80 by CEMRI. 
There were no statistical significant differences in the diagnostic value between CEUS and 
CEMRI in terms of sensitivity (88.0% vs. 92.8%), specificity (99.0% vs. 99.4%), accuracy 
(97.3% vs. 98.4%), positive predictive value (93.6% vs. 96.3%), and negative predictive value 
(98.0% vs. 98.8%) (p > 0.05, all). In the arterial phase, the main enhancement pattern on both 
CEUS and CEMRI was peripheral nodular enhancement (73 vs. 76), but lesions with diffuse 
enhancement on CEUS outnumbered those on CEMRI (3 vs. 1) and lesions with circular 
enhancement on CEMRI outnumbered those on CEUS (3 vs. 2). In the portal venous phase 
and delayed phase, the main enhancement pattern was hyperechoic change on CEUS and 
hyperintense on CEMRI (66 vs. 65), some lesions presented isoechoic change (12 vs. 15). These 
results suggested CEUS, an equivalent to CEMRI, may have an added diagnostic value in 
hemangiomas.
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well-defined lesion with or without small central 
regions of decreased echogenicity (3). However, the 
diagnostic accuracy of B-mode US in detecting hepatic 
hemangioma is low, usually only 46-60% (3-7), either 
because of its limitations in distinguishing different types 
of organization (3,8) or because of easy misdiagnosis of 
hypoechoic or mixed hyperechoic hepatic hemangioma 
as hepatic cancer (5) or because of the significantly 
increased difficulty of the ultrasound in detecting hepatic 
focal lesions in fatty liver (9,10). Color Doppler US can 
visualize intratumoral and peritumoral blood flow in 
10-50% of hemangiomas (4,11). Since other focal liver 
lesions have the same characteristics as hemangioma, 
color Doppler does not improve the diagnostic sensitivity 
of the ultrasound. Its accuracy may also be limited by 
motion artifacts, inappropriate color scale settings, 
interference of heart beats in detecting lesions located in 
the left lobe, or inability to display gas-covered lesions 
in the right lobe. Therefore, B-mode US and color 
Doppler are limited in the characterization of hepatic 
hemangiomas (4).
 CECT can accurately characterize most hemangiomas 
but has limitations in relation to the radiation exposure 
and its contraindications (12). Considered the gold 
standard in the diagnosis of hepatic hemangioma with 
a sensitivity of 90-100% and a specificity of 91-99% 
(13,14), CEMRI is also limited by extended scanning 
time. CEUS is a technically simple imaging modality 
that allows real-time acquisition without any of the 
drawbacks of contrast-enhanced MRI. CEUS with 
microbubble contrast agents and contrast-specific US 
modes have been introduced to overcome the limitations 
of B-mode and color Doppler US. Several studies 
compared the diagnostic value of CEUS and CEMRI 
in focal liver lesions (15,16), but reports about their use 
in specifying hepatic hemangiomas are yet to be found. 
In some other studies, CEMRI rather than pathological 
evaluation was used as the gold standard for the final 
diagnosis (17,18).
 The objective of this study was to investigate, by 
comparing with pathological findings, the sensitivity 
and specificity of CEUS and CEMRI in hepatic 
hemangiomas.

2. Materials and Methods

2.1. Subjects

A retrospective review was performed on 763 focal liver 
lesions from 413 consecutive Chinese inpatients from 
January 2011 to July 2014. We identified a total of 83 
histopathologically confirmed hemangioma lesions in 
66 hospitalized patients (12 male and 54 female; aged 
31-77 years old with an average of 51.3 ± 14.5 years) 
who underwent both CEUS and CEMRI and received 
surgical treatment. We excluded 3 lesions from 3 patients 
which were located at the subphrenic liver and could not 

be visualized with baseline US and CEUS. All patients 
included did not suffer from severe cardiovascular 
and/or cerebrovascular diseases and/or lung diseases. 
Among those patients, 31 had abdominal pain, 5 had 
acute abdominal pain resulting from bleeding within the 
tumor, and 22 had nausea, anorexia and early satiety. 
Eight patients were mistaken as  malignant liver lesions. 
Of all the 66 patients, 55 had a single lesion, 7 had 2, 2 
had 3, and 2 had 4, with their sizes ranging from 18.9 
× 16.3 mm to 129.3 × 109.7 mm. As shown in Table 
1, the characteristics of the size and location of 83 
hemangiomas lesions were presented. After examination, 
the patients underwent sonographically guided core 
biopsies, regular or irregular hepatectomy or local 
lesion resection for all the target lesions for pathological 
diagnosis. Chronic liver diseases were observed in 4 
patients, while liver tissues were found normal in all 
other patients.
 The study was conducted under the approval and 
supervision of the ethics committee of Fudan University 
and the procedure followed was in accordance with the 
Declaration of Helsinki. After informed consent was 
obtained, CEUS followed by CEMRI were performed 
and all patients were monitored for adverse events for 
four hours after the procedure. The clinical status, blood 
pressure and heart rate were followed up.

2.2. Ultrasound examinations

Color Doppler ultrasound was performed using the 
Philips iU22 (Philips Ultrasound, Bothell, Washington, 
USA), ACUSON S2000 (Siemens Medical Solutions, 
Mountain View, CA, USA) and LOGIC E9 (GE, 
Healthcare, Milwaukee, WI, USA) ultrasound system, 
which is capable of real-time contrast-enhanced 
imaging. The 3.5 MHz transducer was used with a 
mechanical index (MI) of 0.06-0.09. The contrast 
agent used was SonoVue (Bracco, SpA, Milan, Italy), 
which was formulated into a suspension of sulphur 
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Table 1. Characteristics (location, number and size) of 83 
hemangioma lesions

Lexicon

Anatomic site
S II, S III
S IV
S I
S V, S VIII
S VI, S VII
S IV, S V, S VIII
S II, S III, S IV
S IV, S V, S VIII
S I, S IV

Size
< 2 cm
2-5 cm
5-10 cm
> 10 cm

Lesion Number (n)

  7
13
  3
21
25
  4
  2
  4
  4

  3
  6
20
54
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2.5. CEUS criteria

The characteristic findings of grayscale sonography 
in hepatic hemangioma included the regular shape, 
well-defined border, hyperechoic mass with/without 
the internal hypoechoic area, and presence/absence of 
posterior acoustic enhancement. Color Doppler US 
presented color flow inside or around the tumor lesions 
with RI < 0.6 (20). Based on the literature (19,21) 
and clinical experience, CEUS findings in hepatic 
hemangiomas were classified into three categories: i) 
nodular enhancement in arterial phase with gradual 
centripedal filling (Figure 1) and hyperechoic/isoechoic 
change in the portal venous phase and delayed phase; ii) 
peripheral circular enhancement in the arterial phase with 
continuous centripedal filling (Figure 2) and hyperechoic/
isoechoic change in the portal venous phase and delayed 
phase; iii) diffuse enhancement in the arterial phase 
with hyperechoic change (Figure 3) in the portal venous 
phase and delayed phase. Diagnostic criteria for hepatic 
hemangioma were: A) focal liver lesion as indicated by 
the presence of CEUS features in categories i or ii; B) 
focal liver lesion as indicated by the presence of CEUS 

hexafluoride microbubbles (8 μL/mL) by adding 5 mL of 
physiological saline. A baseline ultrasound examination 
was performed to detect lesions and images were saved 
on a hard disk. For each lesion, we measured its size, 
position, border, shape, echogenicity, and blood flow. 
CEUS was performed with bolus administration, via 
cubital vein, with the contrast agent at a dose of 1.5-2.0 
mL flushed with 5 mL saline. In patients with multiple 
lesions, an additional bolus of SonoVue (1.5-2.0 mL) 
was administered for each lesion at an interval of at least 
15 min to allow for the clearance of the previous contrast 
injection. No contrast agent was appreciable either in the 
liver parenchyma or hemangiomas before starting a new 
examination. All the CEUS examinations were digitally 
recorded. The hemodynamic contrast enhancement was 
evaluated during three phases as defined by Guidelines 
and Good Clinical Practice Recommendations for 
Contrast Enhanced Ultrasound (CEUS) ‒ Update 2008 
(19): the arterial phase (within 40 sec), portal venous 
phase (40-120 sec) and delayed phase (120-300 sec).

2.3. MRI examinations

MRI was performed with a 1.5 T MR scanner (Siemens 
Magnetom Avanto, Germany) in combination with 
8-channel phase array surface coils. Unenhanced fat-
suppressed fast spin-echo (FS-FSE) T2WI was done 
with a slice thickness of 5.0 mm and a slice gap of 2.0 
mm: one pre-contrast scan and three post-contrast scans. 
Gadobenate-dimeglumine (Gd-DTPA; MultiHance, 
Bracco, Milan, Italy) were administered through cubital 
vein at a dose of 0.2 mmol/kg at 3 mL/s. Multiple breath-
hold contrast-enhanced imaging was performed at 20-25 s, 
70-90 s and 120-180 s after the contrast injection.

2.4. Image analysis and data evaluation

All the conventional ultrasound images and CEUS video 
clips were reviewed independently by two experienced 
radiologists blinded to the final diagnosis and not 
involved in the scanning reviewed all cineloops off-
line. They had respectively 6 and 9 years of experience 
in conventional liver US and more than 3 years of 
experience in liver CEUS interpretation. The other two 
experienced radiologists in CEMRI studies of the liver, 
blinded to the final diagnosis, recorded and analyzed 
changes in the dynamic enhanced images at different 
phases and made independent diagnoses and conclusions. 
In case of inconsistent conclusions, a mutually accepted 
final conclusion was made via consultation. Examiners 
engaged in CEUS and CEMRI were blind to each other's 
diagnosis. The echotexture or signal intensity from 
the lesion was identified as hyperechoic, isoechoic or 
hypoechoic in contrast with the surrounding hepatic 
parenchyma. Perfusion uniformity was observed to 
determine the homogeneity of the echoes. The filling 
defect referred to an area of non-perfusion in the lesion.

Figure 1. Category 1 of the enhancement pattern on 
CEUS: Peripheral nodular enhancement with continuous 
centripedal filling in arterial phase (arrow).

Figure 2. Category 2 of the enhancement pattern on 
CEUS: Peripheral circular enhancement with continuous 
centripedal filling in the arterial phase (arrow).
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features in categories iii and at least more than 5 features 
on conventional US.

2.6. CEMRI criteria

Unenhanced MRI features included regular shape, well-
defined border, low signal intensity on T1WI and high 
signal intensity on T2WI. Characteristic CEMRI findings 
in hepatic hemangiomas were classified into three 
categories (22,23): i) nodular enhancement in the arterial 
phase with gradual cetripedal filling and hyperintense/
isointense change in the portal venous phase and 
delayed phase; ii) peripheral circular enhancement in 
the arterial phase with continuous centripedal filling 
and hyperintense/isointense change in the portal venous 
phase and delayed phase; iii) diffuse enhancement in 
the arterial phase with hyperintense change in the portal 
venous phase and delayed phase. Diagnostic criteria 
for hepatic hemangioma were: A) focal liver lesion 
as indicated by the presence of CEMRI features in 
categories i or ii; B) focal liver lesion as indicated by the 
presence of CEUS features in category iii and at least 
more than 2 features on unenhanced MRI.

2.7. Statistical analysis

Chi-square tests were performed to analyze the 
sensitivity, specificity, accuracy, and the positive and 
negative predictive values of CEUS and CEMRI. The 
difference was considered statistically significant at a 
2-tailed p < 0.05. The SPSS 13.0 for Windows (SPSS 
Inc., Chicago, IL, USA) was used for statistical analysis.

3. Results

3.1. CEUS and CEMRI findings

CEUS showed peripheral nodular enhancement in the 
arterial phase in 73 confirmed lesions, among which 61 

presented hyperechoic change and 12 presented isoechoic 
change in the portal venous phase and delayed phase. In 
2 lesions, CEUS showed peripheral nodular enhancement 
in the arterial phase with continuous centripedal filling 
and hyperechoic change in the portal venous phase 
and delayed phase. In 3 lesions, CEUS showed diffuse 
enhancement in the arterial phase with hyperechoic 
change in the portal venous phase and delayed phase. 
 CEMRI showed nodular enhancement in the arterial 
phase with gradual cetripedal filling in 76 lesions, and 62 
presented hyperechoic change and 15 isoechoic change in 
the portal venous phase and delayed phase. On CEMRI, 
3 lesions showed peripheral circular enhancement in 
the arterial phase with continuous cetripedal filling and 
hyperechoic areas in the portal venous phase and delayed 
phase. One lesion presented diffuse enhancement in 
the arterial phase with hyperechoic change in the portal 
venous phase and delayed phase.
 With CEUS, homogeneous perfusion was observed 
in 35 lesions, heterogeneous perfusion in 48, and filling 
defect in 46 against 42, 41, and 51, respectively, with 
CEMRI.

3.2. Diagnostic performance of CEUS and CEMRI 
against histopathology in hemangiomas

Of all the 763 lesions recorded from January 2011 to 
July 2014, CEMRI identified 80 as hepatic hemangiomas 
and CEUS identified 78 as hepatic hemangiomas. The 
performance of CEUS in hepatic hemangiomas was 
close to that of CEMRI in terms of sensitivity (88.0% vs. 
92.8%), specificity (99.0% vs. 99.4%), accuracy (97.3% 
vs. 98.4%), positive predictive value (93.6% vs. 96.3%), 
and negative predictive value (98.0% vs. 98.8%). There 
was no statistically significant difference between the 
two modalities (p > 0.05 for all) (Table 2).

4. Discussion

Imaging such as US, CT, and MRI are currently the most 
often used diagnostic modalities for hepatic hemangioma. 
In recent years, CEUS has been increasingly used in 
clinical medicine. The European Guidelines state that 
typical features of hepatic hemangiomas on CEUS 
include continuous centripetal filling in arterial phase 

Table 2. Diagnostic performances of the CEUS and CEMRI 
as compared with histopathology

Modality

CEUS

CEMRI

p

SP

99.0%
(475/480)

99.4%
(477/480)

0.478

SE

88.0%
(73/83)

92.8%
(77/83)

0.293

SE, sensitivity; SP, specifi city; AC, accuracy; PPV, positive predictive 
value; NPV, negative predictive value.

AC

97.3%
(548/563)

98.4%
(554/563)

0.216

NPV

98.0%
(475/485)

98.8%
(477/483)

0.317

PPV

93.6%
(73/78)

96.3%
(77/80)

0.446

Figure 3. Category 3 of the enhancement pattern on CEUS: 
Diffuse enhancement with fast filling in the arterial phase 
(arrow).
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and hyperechoic change in the portal venous phase 
and delayed phase, a pattern which can be summed as 
"fast in slow out". In our current study, CEUS showed 
continuous centripetal filling with peripheral nodular 
and circular enhancement in 81 lesions of which 75 were 
pathologically confirmed as hemangiomas, showing 
a strong agreement with the European Guidelines. 
Of 81 lesions in question, 61 presented hyperechoic 
change in the portal venous phase and delayed phase, 
an observation attributable to the histological similarity 
between the benign tumor and normal liver parenchyma: 
presence of the blood sinus in both. However, isoechoic 
change in the portal venous phase and delayed phase was 
observed in 12 lesions, which differed from the European 
Guidelines. This might be accounted for by the rupture 
of the microbubbles caused by the prolonged exposure to 
sound waves of the lesions and their vicinity in particular. 
In addition, a small number (n = 3) of lesions presented 
diffuse enhancement in the arterial phase on CEUS, 
which is an atypical perfusion pattern. Some authors 
thought that diffuse enhancement in the arterial phase 
was associated with tumor size (usually < 3 cm) (24), 
while others thought that dynamic contrast enhancement 
patterns were associated with size of the blood vessels 
rather than tumor size (25). E. Quaia suggested that 
diffuse enhancement on CEUS occurs more easily in 
cirrhotic patients (21). The small number of the lesions 
with diffuse enhancement warrants further investigation 
using bigger samples. Filling defect was observed in 
46 lesions on CEUS and 51 on CEMRI. Filling defect 
may be due to tumor sizes (all > 4 cm) and presence of 
thrombosis or fibrosis. 
 Similar enhancement patterns, featuring mainly 
peripheral nodular enhancement, were observed in 83 
lesions on CEUS (88.0%, 73/83) and on CEMRI (92.8%, 
77/83). There was no significant difference between 
the two modalities. More lesions, however, presented 
circular enhancement on CEMRI rather than CEUS 
(3 vs. 2). This may be due to the nature of the contrast 
agent used. SonoVue, a blood pool contrast agent, does 
not extravasate into the extravascular space and is, 
therefore, capable of reflecting the blood supply to and 
hemodynamics of the tumor lesion. Varied blood supply 
to different types of tumor results in different patterns of 
enhancement.
 Gd-DTPA used in dynamic CEMRI is a non-tissue-
specific extracellular contrast agent whose distribution 
in a tissue depends on the blood supply to the tissue and 
microvascular permeability. The principles of the two 
imaging modalities are different and the distribution and 
metabolism of the contrast agents in body tissues are 
also different. CEUS enjoys an edge over CEMRI for 
its real-time operation where the sonographer is able to 
observe the whole process of the contrast agent entering 
and leaving the lesion, while enhancement information 
on CEMRI may be missed by the radiologist as it is 
collected dynamically at the different phases. However, 

CEUS is limited in that observation of the enhancement 
and decline can be made only on one plane of the 
lesion after a single injection of the contrast agent, a 
disadvantage for CEMRI. 
 CEMRI, with a sensitivity of more than 90% and 
a specificity as high as 91-99%, is now considered 
the most accurate noninvasive imaging modality in 
diagnosing hepatic hemangioma (13). The characteristic 
manifestations of the hepatic hemangioma on CEMRI 
slices include low signal intensity on T1WI and 
high signal intensity on T2WI, peripheral nodular 
enhancement in the arterial phase with gradual 
centripedal filling, which is in agreement with the 
findings in this current study. Recently, CEUS has been 
playing an increasingly important role in the diagnosis 
of focal liver lesions. CECT or CEMRI or liver biopsy 
was taken as the gold standard in a multicenter study by 
Tranquart F. etc., in which CEUS was performed in 874 
patients with 1,034 liver focal lesions (26). The study 
found that CEUS showed a sensitivity of 85.4% and a 
specificity of 93.7% against a sensitivity of 94.0% and 
a specificity of 96.4% respectively in this study, ours 
being obviously higher. This may be accounted for by 
the fact that, in the French study, pathological findings 
were not used as the gold standard in all patients, and 
using findings on CECT or CEMRI as the gold standard 
decreased sensitivity and specificity. In a comparative 
study of CEUS and CEMRI, Kristina Žvinienė (18) 
reported that CEUS as a diagnostic imaging modality 
for hepatic hemangioma was comparable to CEMRI 
in terms of specificity and positive predictive value 
but obviously underperformed the latter in terms of 
sensitivity and negative predictive value. However, the 
study in question was limited because evaluation of the 
two modalities could not be objective when pathological 
findings were not employed for the final assessment. 
This current study, employing pathological findings as 
the gold standard, compared CEUS and CEMRI in terms 
of sensitivity (88.0% vs. 92.8%), specificity (99.0% vs. 
99.4%), accuracy (97.3% vs. 98.4%), positive predictive 
value (93.6% vs. 96.3%), and negative predictive value 
(98.0% vs. 98.8%). There were no statistical differences 
among the five value pairs. Therefore, CEUS is very 
likely to become an independent diagnostic imaging 
modality for hepatic hemangioma. However, lesions 
located deep at the subphrenic liver can still present 
a diagnostic dilemma even for CEUS. We excluded 
3 lesions from 3 patients because of their location. 
Also, the typical characteristics of liver hemangiomas 
on CEUS were lost when cirrhosis was present, 
especially in small lesions (24). In our study, 2 lesions 
presented diffuse enhancement in the arterial phase 
with hypoechoic change in the portal venous phase and 
delayed phase on CEUS (Figures 4A-4D). This was 
explained by the presence of fibrosclerosis and vascular 
wall structure in the lesion on histologic analysis.
 Two limitations are mentionable. First, our study was 
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retrospective in nature, and we will proceed with a future 
prospective analysis for the same purpose. Second, we 
did not explore the relationship between the determined 
sizes and contrast-enhancement patterns, which warrants 
further investigation.
 In conclusion, CEUS and CEMRI play an equally 
important diagnostic role for hepatic hemangioma. 
CEUS serves as a substitute for CEMRI when the latter 
is impossible in claustrophobic patients or in patients 
with a pacemaker or metal foreign bodies or metal 
implants in the body. A small number of cases of atypical 
hepatic hemangioma require employment of the two 
imaging modalities as justified by the patient's medical 
history, clinical manifestations and findings in laboratory 
tests. Such comprehensive judgment by the radiologist, 
sonographer, and clinician improves the diagnosis of 
hepatic hemangioma.
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1. Introduction

Hepatocellular carcinoma (HCC) is one of the most 
malignant cancers worldwide, ranking the 5th highest 
in morbidity and the 3rd highest in mortality among 

various cancers (1). Chronic hepatitis B virus (HBV) 
or hepatitis C virus (HCV) infection is found to be 
associated with nearly 80% of HCC (2). HCC is 
particularly troublesome in China since over 55% 
new HCC cases worldwide were discovered in China, 
strongly due to the presence of 93 million HBV 
carriers (3,4). However, the pathogenesis of HBV 
and its underlying mechanisms for carcinogenesis is 
not well understood. Thus, this lack of understanding 
hinders the effective therapeutic approaches for curing 
HBV infections or decreasing its contribution to 
carcinogenesis. 
 Autophagy is a conserved cellular process in which 
double-membraned vesicles are formed, containing 
excess or dysfunctional proteins as well as cellular 

Summary In this study, we investigate the relationship of hepatitis B virus (HBV) infection 
and autophagy. HepG2 cells and HepG2 cells infected with HBV (HepG2.2.15) were 
transfected with GFP-LC3 (green fluorescence protein conjugated with microtubule-
associated protein 1 light chain 3) expression vector and autophagy status was then 
examined with confocal microscope. HepG2.2.15 cells were further treated with serum-free 
medium or 3-methyladenine (3-MA), and subjected to Hepatitis B core antigen (HBcAg), 
Hepatitis B surface antigen (HBsAg), or hepatitis B polymerase protein detection by 
immunohistochemistry. Localization of the GFP-LC3 and the HBV proteins was observed by 
confocal fluorescence microscope. The level of SQSTM1/p62 protein was also evaluated by 
Western blot analysis. In contrast to a diffuse distribution in HepG2 cells, GFP-LC3 formed 
distinct punctate dots, which were further enhanced by nutritional starvation, in HepG2.2.15 
cells. The expression of hepatitis B polymerase and HBcAg, but not HBsAg, was positively 
correlated with the autophagic intensity. However, no co-localizations were observed between 
HBV proteins and autophagosomes. Suppression of autophagy reduced the expression of 
hepatitis B polymerase and HBcAg, but not HBsAg. Western blot showed that SQSTM1/p62 
protein level was declined in HepG2.2.15 cells comparing HepG2 cells, and further reduced 
while upon serum starvation. In conclusion, HBV infection induces autophagic degradation 
and autophagy. Autophagy is critical for HBV replication. However HBV replication does not 
take place in autophagosomes.
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organelles, and delivered to lysosomal machinery 
for degradation. It is a highly regulated process that 
is essential for maintaining cellular homeostasis in 
response to multiple stress signals, including nutrient 
starvation, growth factor deprivation, genotoxic stress, 
and hypoxia. Autophagy is also known as one of 
the host defense responses against infections. It has 
been shown that autophagy is involved in selectively 
targeting intracellular pathogens, leading to their direct 
elimination (5-9). It also plays a role in the MHC 
class II antigen presenting for foreign antigens (10). 
Thus, some bacteria and viruses developed strategies 
to suppress or bypass cellular autophagy to ensure 
their survival (11). Some viruses, such as poliovirus, 
rhinoviruses, mouse hepatitis virus, SARS-CoV, even 
hijacked the components of autophagic pathway to 
facilitate their own replication (12,13).
 It has been demonstrated that HBV induces autophagy 
and uses it to facilitate its DNA replication. This process 
is mediated by HBV X (HBx) protein, which binds to 
and activates class III phosphatidylinositol-3-kinase (C3-
PI3K), an enzyme important for autophagy initiation (14). 
There is also evidence showing that HBx protein can 
up-regulate the expression of Beclin 1, the mammalian 
orthologue of the yeast autophagy protein Apg6 (15). 
However, the mechanism of how the autophagy 
contributes to viral DNA replication remains unclear. 
 In this study, we explored the role of autophagosomes 
in HBV replication by observation of autophagosomes 
and HBV with a confocal microscope. Meanwhile, 
SQSTM1/p62, one of the proteins involved in autophagy, 
was analyzed by western blotting for further under-
standing the function of autophagy.

2. Materials and Methods

2.1. Strain, plasmid, and cell lines

Competent Escherichia coli strain DH5α was purchased 
from Transgen Biotech Corp. (Beijing, China). 
Expression plasmid pEGFP-C1-LC3 and the HepG2 cell 
line were kindly provided by Prof. Hongbing Zhang. 
The HepG2.2.15 cell line was obtained from Peking 
University Hepatology Institute, which was transfected 
with HBV genome and thus stably express HBV proteins 
and produce virions.

2.2. Cell culture and transfection

Both HepG2 and HepG2.2.15 cells were maintained 
in DMEM (Dulbecco's Modified Eagle Medium) 
supplemented with 10% fetal calf serum, 100 units/
mL penicillin, and 100 mg/mL streptomycin. The 
HepG2.2.15 cultural medium has additions of G418 
(Wako, Japan) for a final concentration of 380 μg/mL. 
The pEGFP-C1-LC3 transfection was performed using 
Lipofectamine 2000 (Invitrogen, CA, USA). 

2.3. Immunofluorescence

HepG2.2.15 cells plated on coverslips were washed 
with PBS and fixed with 4% (v/v) formaldehyde in 
PBS for 10 min at room temperature. Cells were then 
permeabilized with 0.2% Triton X-100 in PBS for 10 
min at room temperature followed by blocking in TBS-T 
solution (25 mM Tris, pH 7.4, 3.0 mM KCl, 140 mM 
NaCl and 0.05% Tween 20) containing 5% (w/v) BSA 
(FirstLink, UK) for 30 min. Cells were incubated with 
one of the primary antibodies, anti-HBcAg (Abcam, 
CA, USA), anti-HBsAg (Abcam), or anti-hepatitis B 
polymerase antibody (Santa Cruz Biotechnology, CA, 
USA) at 4°C overnight. Goat anti-mouse IgG antibody 
conjugated to Cy3 (Beyotime Institute of Biotech, China) 
was used as a secondary antibody. Post-staining images 
were taken with FLUOVIEW10-ASW laser scanning 
confocal microscope (Olympus, Japan). 

2.4. Western blot analysis

Cell lysates were subjected to SDS/PAGE on a 4-15% 
gradient gel and transferred onto a polyvinylidene 
fluoride (PVDF) membrane. After blocking with 5% 
non-fat dry milk in Tris-buffered saline, the membrane 
was incubated with primary rabbit monoclonal antibody 
against P62 protein (Santa Cruz Biotechnology), 
followed by a secondary horseradish peroxidase (HRP)-
conjugated anti-rabbit IgG antibody (Santa Cruz 
Biotechnology). Subsequently, the blot was developed 
using an ECL detection kit (Thermo, CA, USA).

3. Results and Discussion

3.1. HBV replication induces autophagic vacuole 
formation

Autophagy initiates with the formation of phagophore 
(an isolation membrane). One of the components 
involved in this early event is the protein LC3, which 
becomes lipidated (LC3-II) and associates with the 
newly formed double-membrane vesicles. It has been 
shown that exogenous GFP-LC3 (green fluorescence 
protein conjugated with microtubule-associated protein 
1 light chain 3) behaves in a similar fashion as does 
endogenous LC3, upon autophagy induction. We took 
advantage of the GFP-LC3 fusion protein, and studied 
whether continual expression of HBV proteins leads 
to autophagy induction in HepG2 cells. We transfected 
the plasmid expressing GFP-LC3 into both HepG2 
and HepG2.2.15 cells, and studied the distribution 
of the GFP signals in the cells through fluorescence 
microscopy. A diffused distribution of GFP signal was 
observed in HepG2 cells (Figure 1A) that was consistent 
with the distribution of the soluble form of LC3 in the 
absence of autophagy. The GFP signal in HepG2.2.15 
cells, however, appeared as punctuated dots much 
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different than what was observed in HepG2 cells (Figure 
1B). The punctuated localization is consistent with the 
observation that during autophagy the lipidated LC3 
is associated with the autophagosomal membrane. The 
production of HBV by HepG2.2.15 cells was verified 
by FQ-PCR (data not shown). These observations 
indicated that the presence of HBV proteins induce 
autophagy in host cells. 
 This autophagy can be further augmented by nutrient 
starvation, one of the many common autophagy-inducing 
signals. HepG2.2.15 cells expressing GFP-LC3 were 
cultured in serum-free DMEM medium for 24 h. As 
shown in Figure 2, the intensity of green fluorescence 
produced from GFP-LC3 became stronger and more 
punctuated than those observed in cells cultured under 
normal conditions (comparing panels a and d). This 
indicated that nutrient starvation could further induce 
autophagy process in cells with an already elevated 
autophagy level due to virus expression.
 HBV induced autophagy can be abolished by 
3-methyladenine (3-MA), an inhibitor for type III PI3 
kinase Vps34. When GFP-LC3 expressing HepG2.2.15 
cells were treated with 10 mM 3-MA (Sigma, CA, USA), 
the distribution of green fluorescence became more 
diffused than that of the untreated control, suggesting 
localization of LC3 is more cytosolic (Figure 2 comparing 
panels g and d).

3.2. The expression of HBsAg, HBcAg, and hepatitis B 
polymerase and their localization

We then used immunofluorescence to study whether 
autophagy is required for the expression of HBV 
proteins, specifically that of hepatitis B polymerase, 
HBcAg, and HBsAg. 
 We did not find significant changes in the expression 
of hepatitis B polymerase or HBcAg when autophagy 
is further enhanced by starvation. The intensities in 
fluorescence reflecting the abundances of protein were 
not significantly different in cells growing in normal 
conditions or starved conditions (Figures 2A and 2B, 

Figure 1. Induction of autophagic vacuoles by HBV. HepG2 
cells (panel a) and HepG2.2.15 cells (panel b) were transfected 
with pEGFP-C1-LC3. Images were taken at 24 h post-
transfection. The Green color was shown in a diffused pattern 
in HepG2 cells and in punctate dots in HepG2.2.15 cells. The 
punctate dots represent formation of autophagic vacuoles.

Figure 2. The effect of autophagy on HBV protein 
expressions. HepG2.2.15 cells transfected with pEGFP-C1-
LC3 were cultured in serum-free DMEM medium, normal 
DMEM medium as control, or with 3-MA in DMEM medium. 
HBV protein expressions were detected with antibodies against 
hepatitis B polymerase (A), HBcAg (B) or HBsAg (C) and 
subsequent with the Cy3-conjugated goat anti-mouse secondary 
antibody. Localization of autophagic vacuoles and HBV was 
observed by merging panels between GFP-LC3 (green) and 
Cy3 (red) signals. 
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comparing panels b and e). However, the abundances 
of both proteins reduced in cells where autophagy is 
inhibited by 3-MA (Figures 2A and 2B, comparing 
panels e and h). HBsAg expression seems to be different. 
We found that the fluorescence intensity of HBsAg is 
increased during starvation, when autophagy is enhanced 
in addition to the induction by HBV. Inhibition of 
autophagy by 3-MA has little effect on its expression 
(Figure 2C, comparing panel e and h). 
 It is reported that several human viruses, such as 
HCV, use autophagic vesicles as membranous support 
for translation of viral protein and enhancement of viral 
RNA replication (12,13,16). We investigated whether 
HBV similarly uses the autophagic vesicles as its 
location of replication. The merged images between 
GFP-LC3 and antibody staining for viral proteins, 
HBV polymerase, HBcAg, or HBsAg showed that the 
membrane-associated LC3 does not co-localize with 
viral proteins, suggesting that HBV may not occupy 
the autophagic vesicles as its location for viral protein 
translation and DNA replication (Figure 2, panels c, f, 
and i).

3.3. The autophagy induced by HBV leads autophagic 
degradation

SQSTM1/p62 protein is an ubiquitin-binding scaffold 
protein that binds directly to LC3 via the LC3 interacting 
region (LIR), and interacts with ubiquitinated proteins 
through the C-terminal ubiquitin associated (UBA) 
domains. SQSTM1/p62 can link ubiquitinated proteins 
to autophagosome for degradation, and itself can also 
be degraded through autophagy (17). The cellular levels 
of SQSTM1/p62 vary with the induction or inhibition 
of autophagy; it therefore often serves as a marker for 
autophagic degradation. We studied whether autophagy 
induced by HBV leads to autophagic degradation by 
detecting the SQSTM1/p62 protein level with Western 
blot. Analysis showed that SQSTM1/p62 protein level 
was decreased in HepG2.2.15 cells comparing to HepG2 
cells, and it was further reduced in HepG2.2.15 cells 
cultured in serum-free DMEM medium (Figure 3). 

This indicated that autophagy induced by HBV leads to 
autophagic degradation.

Autophagy is a protective process that recycles damaged 
organelles and unwanted proteins to ensure cell viability 
under starvation and stress conditions. Increasing 
amounts of evidence has shown that it is also involved in 
regulating innate and adaptive immunity. It is particularly 
important in the cellular defense against intracellular 
pathogens, in which xenophagy recognizes intracellular 
microbes and targets them to the autophagy pathway 
for degradation. Thus, many pathogens, including 
viruses, have developed strategies for self-protection 
and further manipulate or utilize autophagy to their own 
advantages. For example, Epstein-Barr virus (EBV) and 
Kaposi's Sarcoma-Associated Herpes Virus (KSHV) 
negatively regulate autophagy during latency, whereas 
poliovirus (18,19), porcine reproductive and respiratory 
syndrome virus (PRRSV) (20), encephalomyocarditis 
virus (21), and picornavirus (22), utilize components 
of the autophagy pathway to promote viral replication. 
Some of the viruses use the autophagosome as a 
membrane structure to support its replication as well as 
to hijack it as a mechanism for releasing the packaged 
virions in a non-lytic manner. This promotes the fusion 
of the autophagosome with the plasma membrane 
(12,19,21,23,24). While viruses promote autophagy 
induction, it has been shown that they have developed 
mechanisms to inhibit the maturation of autophagosomes 
by preventing the fusion between the autophagosome 
and the lysosome (19,20). However, recent findings 
also indicate that some RNA viruses benefit from 
autophagosome maturation. For example, acidification 
of the autophagasome is required for poliovirus particle 
assembly and virion maturation (18).
 Our study showed that autophagy could be induced 
in HepG2 cells when the HBV replication became 
persistent in the cells, and this autophagy could be 
further enhanced by nutrient starvation. This is consistent 
with the previous findings that HBV induces autophagy 
in host cells via its HBx protein (14). Several studies 
showed that HBx interacts with C3-PI3K to initiate 
the autophagy process and the induction of autophagy 
is required for HBV DNA replication in vitro (14). In 
vivo, blocking autophagy by knocking out Atg5 greatly 
reduced HBV DNA replication (25). Our data also 
suggested that the induction of autophagy was necessary 
for HBV gene expression. The expressions of HBcAg 
and Hepatitis DNA polymerase were reduced when the 
autophagy was blocked by 3-MA, although they were 
not further increased when the enhanced autophagy was 
induced by starvation in addition to HBV. However, the 
expression of HBsAg was a little different. We found 
that inhibition of autophagy by 3-MA had little effect 
on the expression of HBsAg, whereas starvation led to 
the increase of HBsAg expression. It is not clear why 
the modulation of HBsAg expression is different. As 

Figure 3. The autophagy induced by HBV leads autophagic 
degradation. HepG2 cells were cultured in normal DMEM 
medium (lane 1), while HepG2.2.15 cells were cultured either 
in normal DMEM medium (lane 2) or serum-free DMEM 
medium (lane 3). Cells were lysed for Western-blot analysis 
using the rabbit monoclonal antibody against P62 protein 
antibody (top panel). Actin (bottom panel) was also shown as a 
loading control.
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it is known that HBsAg expressions in active hepatitis 
patients were found in a few discrete hepatocytes 
with a diffuse cytoplasmic distribution, it is possible 
that HBsAg expression is not directly related to viral 
replication cycle (26).
 Unlike several RNA viruses like HCV, HBV does 
not appear to replicate in autophagosome. We found that 
viral proteins, such as HBcAg, hepatitis B polymerase, 
or HBsAg did not localize in the autophagosome; i.e. 
there was no co-localization between viral proteins 
and autophagosome marker LC3. This observation 
suggests that HBV may not replicate and assemble in the 
autophagosome. 
 In contrast to previous observations, we found that 
SQSTM1/p62 level was reduced in HepG2.2.15 cells, 
and was further reduced in cells cultured in starvation 
condition (14,27). Our data indicated that the fusion of 
autophagosome with lysosome was not blocked in HBV 
infected cells. Part of the reason for this discrepancy may 
possibly due to the use of different hepatoma cell lines in 
our study. It is also possible, particularly in this case that 
HBV does not need use autophagosome as replication 
location, that there might be certain mechanisms that 
virus can selectively block protein degradation in the 
autophagosome based on its own needs.
 This study reconfirmed several previous findings 
but the exact role of autophagy in HBV life cycle is still 
not clear. Sir et al. reported that autophagy could be 
induced by HBx protein and was required for efficient 
viral DNA replication; however, blocking the fusion 
of autophagosome and lysosome lead to reduced 
level of viral RNA but had little effect on viral DNA 
production (14). Li et al. showed that autophagy was 
needed for enveloped virion production at the ER, but 
had only slight effect on HBV DNA replication (27). 
Lazar C et al. reported that ER degradation-enhancing, 
mannosidase-like proteins (EDEM) were up-regulated 
in HepG2.2.15 cells, and the presence of viral surface 
proteins and EDEM1 led to the degradation of envelope 
proteins through autophagy. They suggested that it might 
be the mechanism for HBV to control the level of virions 
produced in infected cells and to establish chronic 
infection (28). 
 In summary, our study suggested that autophagy 
was induced by HBV, and was required for the viral 
proteins HBcAg and hepatitis B polymerase expression. 
However, HBV did not block the protein degradation 
through an autophagy pathway, and neither did it use the 
autophagosome as its site for DNA replication or virion 
assembly. Whether the protein degradation through 
autophagy pathway plays any role in facilitating the 
HBV life cycle needs further investigation.
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1. Introduction

According to statistics from the World Health Organization 
published in 2012, colorectal cancer (CRC) was the third 
most common form of cancer in men (746,000 patients, 
10.0% of all patients with cancer) and the second in 
women (614,000 patients, 9.2% of all patients with 
cancer) worldwide (1). In China, the incidence of CRC 
has been increasing in recent years as living conditions 
improve and eating habits change, with both sexes 
accounting for an estimated 253,000 patients in 2012 
(1). Early detection and treatment of CRC is critical 
and is significantly associated with patient prognosis 
(2). Cancers that are confined within the wall of the 
colon may be cured with surgery while a tumor that has 
already spread is usually not curable and chemotherapy 
instead focuses on improving the patient's quality of 
life and symptoms (3-5). Individualized treatment with 
targeted agents such as cetuximab has many advantages 
over traditional cytotoxic agents and represents the 

future of CRC treatment (6). Accordingly, identification 
and characterization of cancer-specific biomarkers has 
enormous potential to facilitate detection and treatment 
of CRC. 
 The C35 gene, located on human chromosome 
17q12, encodes a 12 kDa membrane-anchored protein 
that functions as an oncogene in several types of cancer 
(7-10). Evans et al. found that C35 was highly expressed 
in breast carcinoma in comparison to adjacent normal 
breast epithelium (11). The same study also examined its 
expression in 38 normal human tissue samples, including 
blood, bone marrow, and gastrointestinal tissue, and 
it found that none of the normal tissue samples were 
positive for C35 expression, with the exception of 
Leydig cells in the testes (11). Similarly, a study by 
Vishwanatha et al. found that C35 was highly expressed 
in prostate cancer cell lines and tumors but minimally 
expressed in normal prostate cells and tissues (8). The 
difference in expression in cancerous tissue and normal 
tissue suggests that C35 may play a role in transforming 
healthy cells in cancer initiation and progression and 
thus has potential value in cancer management (11). 
The expression profile of C35 in CRC is not yet known. 
The present study examined C35 expression in CRC 
and investigated its clinicopathological significance.

Summary The aim of this study was to investigate the expression of C35, an oncogene previously 
found in breast and prostate cancers, and its clinicopathological significance in colorectal 
cancer (CRC). Qualitative and quantitative detection of C35 mRNA expression was 
performed using reverse transcription-PCR (RT-PCR) and real-time PCR. C35 protein 
expression was determined using immunohistochemistry. C35 mRNA was detected in none 
of 10 normal colorectal tissue samples, 55 of 65 (84.6%) CRC tissue samples, and 43 of 
55 (78.2%) adjacent non-cancerous tissue samples. In addition, the level of C35 mRNA in 
CRC tissue samples was markedly higher than that in tumor adjacent non-cancerous tissue 
samples. C35 protein expression was detected in 58 of 80 (72.5%) CRC tissue samples and 
was closely associated with tumor serosal invasion, lymphnode metastasis, and an advanced 
Dukes stage. These results suggest that C35 might serve as a biomarker or therapeutic 
target for management of CRC.

Keywords: Therapeutic target, biomarker, invasion and metastasis, cancer 
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2. Materials and Methods

2.1. Materials

Cancer tissue samples and tumor-adjacent tissue 
samples were obtained via open surgery or endoscopic 
surgery from the Third Affiliated Hospital of Shandong 
Academy of Medical Sciences with the informed consent 
of patients. These samples were subjected to reverse 
transcription-PCR (RT-PCR) and real-time PCR. Cancer 
tissue samples and normal colorectal tissue samples 
were also obtained from King Med Diagnostics (Ji'nan, 
Shandong, China). These samples were subjected to 
immunohistochemistry. The study protocol was approved 
by the Hospital Ethics Review Committee. None of the 
patients received preoperative treatment.

2.2. RT-PCR

Total RNA was isolated using an RNAprep pure 
Tissue Kit (Tiangen Biotechco., Beijing, China). The 
OD260/OD280 ratio of total RNA extracted from tissue 
samples ranged from 1.8 to 2.0. First-strand cDNA 
synthesis was done using TIANScript RT Kit (Tiangen 
Biotechco.). Primer sequences were as follows: for 
GAPDH (glyceraldehyde-3-phosphate dehydrogenase), 
s ense ,  5 ' -GACTCACCCTGCCCTCAATA-3 ' ; 
antisense, 5'-CCCTGTAGCCTGGACCTGAT-3'; for 
C35, sense, 5'-GCCATCCGAAGAGCCAGTA-3'; 
antisense, 5'-ATTACCGAGGCGAAGAGTGG-3'. 
PCR cycling parameters were: at 95°C for 3 min for 
pre-denaturation, followed by 40 cycles at 94°C for 
30 sec, 54°C for 30 sec, and 72°C for 30 sec, and a 
final cycle at 72°C for 5 min for extension. GAPDH 
was used as an internal control. PCR products (10 μL) 
were analyzed electrophoretically using 2% agarose gel 
electrophoresis and viewed under ultraviolet (UV) light. 
The remaining products were sent to Shanghai Sangon 
Biotech for sequencing.

2.3. Real-time PCR

Real-time PCR was performed on all of the cDNA 
synthesized from samples with C35 gene expression. 
Primers were the same as used in RT-PCR. Real-time 
PCR was performed using a SYBR Green Kit (Takara 
Biotechco., Dalian, Liaoning, China). The reaction 
system included 10 μL of SYBR® Premix Ex Taq (2×) 
(Tli RnaseH Plus), 0.4 μL of PCR forward primer, 0.4 
μL of PCR reverse primer, 0.4 μL of ROX Reference 
Dye (50×) II, 2 μL of sample, and 6.8 μL of dH2O. PCR 
cycling parameters were: at 95°C for 3 min for pre-
denaturation, followed by 40 cycles at 95°C for 5 sec 
and 60°C for 34 sec. Amplification was performed with 
an ABI 7500 Sequence Detection System. All reactions 
were performed in triplicate, and GAPDH served as 
an internal control. The results were quantified as Ct 

values, where Ct is defined as the threshold cycle of 
PCR at which the amplified product is first detected and 
the values are expressed as the ratio of the target to the 
control. 

2.4. Immunohistochemistry

In total, 80 paraffin-embedded colorectal carcinoma 
(grade 1, 2, and 3) and 10 normal tissue samples were 
received from King Med Diagnostics. None of the 
patients were undergoing chemotherapy or radiotherapy 
before radical surgery. Patient age ranged from 46 to 87 
years, with a median of 67 years and a mean age of 69 
years. Sections were viewed using light microscopy and 
staging was confirmed independently by two qualified 
pathologists. Mouse anti-XTP4 monoclonal antibody 
(Abcam, Cambridge, MA, USA) and a GTvisionTMIII 
anti-mouse universal immunohistochemical detection 
kit (Gene Tech Company, Shanghai) were used in this 
study. Immunohistochemistry studies were performed 
using a Maxvision two-step method. Consecutive 
3-μm sections from paraffin-embedded tissue were 
deparaffinized, hydrated, and rinsed in distilled H2O. 
The sections were then boiled in citrate buffer (pH 
6.0) in a high pressure cooker for 5 min and cooled 
to room temperature. Afterwards, they were washed 
4 times with phosphate-buffered saline (PBS; pH 7.4) 
for 3 min. All of the sections were then incubated with 
the primary mouse anti-human monoclonal anti-XTP4 
antibody (1:100 diluted) overnight at 4°C. The next day, 
the sections were washed 4 times in PBS for 3 min, and 
they were then incubated with anti-mouse IgG antibody 
for 25 min. Afterwards, the sections were washed 4 
times with PBS for 3 min. DAB chromogenic reagent 
was dropped on sections and staining was observed 
under a light microscope. After staining, the sections 
were rinsed in distilled water to stop the reaction. After 
counterstaining with hematoxylin, the sections were 
dehydrated and mounted. PBS instead of the primary 
antibody was used as a negative control. 
 A staining index was devised by multiplying the 
intensity of positive staining by the proportion of 
stained cells. The staining intensity was graded using 
the following standard: 0 for unstained cells, 1 for cells 
stained yellow, 2 for cells stained orange, and 3 for cells 
stained brown. The proportion of stained cells was based 
on the following criteria: 0 for ≤ 5% staining, 1 for 6-25%, 
2 for 26-50%, 3 for 51-75%, and 4 for ˃ 75% staining. 
The staining scores of 0-1 point were considered 
negative, scores of 2-4 points were considered weakly 
positive, scores of 5-8 points were considered moderately 
positive, and scores of 9-12 points were considered 
strongly positive.

2.5. Statistical analyses

Statistical analysis was performed using the Statistical 
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(84.6%) colorectal carcinoma tissue samples and 43 of 
55 (78.2%) tumor-adjacent tissue samples were positive 
for C35 expression (Figure 1). In contrast, none of the 
normal colorectal tissue samples were positive for C35 
expression (Figure 1).

3.2. Quantitative detection of C35 mRNA expression

Real-time PCR was performed to further explore 
whether C35 gene expression differs in cancer tissue 
and adjacent tissue. Specimens that contained both 
cancer tissue and adjacent tissue (n = 50) were selected, 
and mRNA expression was determined and compared 
in cancerous and adjacent non-cancerous tissues. 
Results indicated that the level of C35 mRNA in cancer 
tissue was 5- to 10-fold higher than that in adjacent 
tissue. The level of C35 mRNA differed significantly 
in cancerous and adjacent non-cancerous tissues (p < 
0.05).

3.3. C35 protein expression and its clinicopathological 
significance

Immunohistochemistry was used to examine C35 
protein expression in 80 CRC tissue samples and 10 
normal colorectal tissue samples. Results indicated 
that there was no C35 expression in normal colorectal 
tissue. In contrast, 58 of 80 CRC tissue samples 
(72.5%) displayed varying levels of C35 expression 
(Figure 2). C35 protein was mainly expressed in 
the cytoplasm, appearing as brown granules (Figure 
2). The association between C35 expression and 
clinicopathological parameters was analyzed. C35 
expression was more prevalent in CRC with serosal 

Package for the Social Sciences (SPSS), version 17.0 
(USA). Statistical analysis of RT-PCR results was 
performed using a Mann-Whitney U test. A possible 
association between positive expression of C35 and 
clinicopathological parameters was compared using a χ2 
test or Fisher's exact test. Differences with a p less than 
0.05 were considered to be statistically significant.

3. Results and Discussion

3.1. Qualitative detection of C35 mRNA expression

RT-PCR was used to examine C35 mRNA expression 
in normal colorectal tissue samples (n = 10), colorectal 
carcinoma tissue samples (n = 65), and tumor-adjacent 
tissue samples (n = 55). Results indicated that 55 of 65 

Figure 1. RT-PCR analysis of C35 mRNA expression. 
M, DNA marker; 1 and 2, colorectal cancer tissue; 3 and 
4, paired adjacent-tumor tissue; 5 and 6, normal colorectal 
tissue. GAPDH was used as internal control for parallel 
analysis of the same sample. Products from amplification of 
target mRNA (about 353 bp) and GAPDH mRNA (about 317 
bp) were analyzed electrophoretically using 2% agarose gel 
electrophoresis followed by gel extraction and sequencing. 
Products from amplification of target mRNA were consistent 
with the C35 gene sequence.

Figure 2. Expression of positivity for the C35 protein as determined by immunohistochemical staining of CRC tissue. A 
and B, weakly positive expression in CRC tissue samples (SP ×100, SP ×200); C and D, moderately positive expression in CRC 
tissue samples (SP ×100, SP ×200); E and F, strongly positive expression in CRC tissue samples (SP ×100, SP ×200).
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invasion (84.4%) than in CRC without serosal invasion 
(57.1%) (p = 0.007). In addition, CRC with lymphnode 
metastasis tested positive for C35 expression (90.9%) 
at a significantly higher rate than did CRC without 
lymphnode metastasis (67.2%) (p = 0.032). A higher 
level of C35 expression was noted with an advanced 
Dukes stage (C + D, 81.8%) in comparison to an early 
Dukes stage (A + B, 61.1%) (p = 0.039). There was 
no significant association between C35 expression 
and other clinicopathological parameters such as 
gender, age, tumor location, tumor diameter, and tumor 
differentiation (p > 0.05) (Table 1).

The present study investigated the expression profile 
of C35 at both the mRNA and protein levels in CRC 
tissue, adjacent non-cancerous tissue, and normal 
colorectal tissue. C35 mRNA was detected in none of 
10 normal colorectal tissue samples, 55 of 65 (84.6%) 
CRC tissue samples, and 43 of 55 (78.2%) adjacent 
non-cancerous tissue samples. The level of C35 
mRNA in CRC tissue was markedly higher than that in 
adjacent non-cancerous tissue. C35 protein expression 
was detected in 58 of 80 CRC tissue samples and was 
associated with tumor serosal invasion, lymphnode 
metastasis, and an advanced Dukes stage. These 
results suggest that C35 might have potential to 
serve as a biomarker or therapeutic target for CRC 
management.
 The present study found that C35 expression was 
associated with invasion and metastasis of CRC, 
which suggests that C35 might play a role in this 

process. Previous studies indicated that overexpression 
of C35 in prostate cancer functionally enhanced 
migration and invasion of prostate cells (8). In contrast, 
downregulation of C35 by RNA interference reduced 
migration and invasion of prostate cells (8). The 
underlying mechanism for changes in C35 expression 
are a result of C35 acting as a signaling molecule to 
increase the invasive potential of prostate cancer cells 
by activating NF-κB-mediated downstream target 
genes, including matrix metalloproteinase 9, urokinase 
plasminogen activator, and vascular endothelial growth 
factor (8). These findings may explain why C35 
expression is more prevalent in invasive CRC and they 
may provide clues for further research into the role of 
C35 and its underlying mechanism in the progression of 
CRC. 
 The present results indicated that C35 is predominantly 
expressed in CRC tissue in comparison to normal 
colorectal tissue. Thus, C35 may serve as a target 
for therapy. Sequencing of C35 revealed a 'CaaX' 
prenylation motif consisting of the last four amino 
acids, 'CVIL,' at the C-terminal end (8). The 'CaaX' 
group of proteins are known to be farnesylated by the 
enzyme farnesyltransferase or geranylgeranylated by the 
enzyme geranylgeranyl transferase type I (GGTase-I) 
(12). If 'X' is leucine, then protein is preferentially 
modified by the enzyme GGTase-I, suggesting C35 
is prenylated preferentially by the enzyme GGTase-I 
(12). Key aspects of the prenylation of a 'CaaX'-
type protein are its location at the cytoplasmic face 
of cellular membranes and its action to promote cell 
proliferation, migration, invasion, and metastasis (13). 
Therefore, interference with C35 prenylation may 
suppress that action and thus inhibit the progression of 
CRC. This indicates the potential for using GGTase-I 
inhibitors in CRC therapy. A point worth noting is 
that stains like simvastatin are capable of inhibiting 
the proliferation and migration of colon cancer cells 
(14,15), while geranylgeraniol, which can be taken up 
by cells and converted to geranylgeranyl diphosphate, 
may reverse the anti-tumor effects of stains (15). These 
findings suggest that the effects of stains on colon 
cancer cells might be mediated by interfering with 
geranylgeranylation of certain proteins. The effect of 
statins on C35 and the efficacy of these drugs on CRC 
should be studied in the future.
 In conclusion, the present results indicated that 
C35 is predominantly expressed in CRC tissue in 
comparison to normal colorectal tissue and tumor-
adjacent non-cancerous tissue. Furthermore, its 
expression is closely associated with invasive behavior 
by CRC. These results suggest the potential for 
utilizing C35 as a biomarker or therapeutic target for 
CRC management. C35 expression should be analyzed 
in a larger sample, and its biological action in CRC 
progression and drugs targeting this molecule should be 
studied in the future.

Table 1. Association between C35 expression and clinico-
pathological parameters for colorectal cancer
Clinicopathological
parameters

Gender
    Male
    Female
Age (years)
    < 60
    ≥ 60
Tumor location
    Colon
    Rectum
Tumor diameter (cm)
    < 4
    ≥ 4
Differentiation
    Well differentiated
    Poorly differentiated
Serosal invasion
    No
    Yes
Lymphnode metastasis
    No
    Yes
Dukes stage
    A+B
    C+D

n

44
36

18
62

42
38

24
56

49
31

35
45

58
22

36
44

+

32
26

16
42

32
26

18
40

34
24

20
38

39
20

22
36

* p < 0.05; ** p < 0.01

 -

12
10

  2
20

10
12

  6
16

15
  7

15
  7

19
  2

14
  8

Positive
rate (%)

79.5
72.2

88.9
67.7

76.2
68.4

75.0
71.4

69.1
77.4

57.1
84.4

67.2
90.9

61.1
81.8

χ2

0.003

2.158

0.604

0.107

0.615

7.36

4.615

4.258

p value

0.960

0.142

0.437

0.743

0.433

0.007**

0.032*

0.039*

C35
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1. Introduction

Human adipose-derived stem cells (ADSCs) are adult 
pluripotent stem cells. Their use in stem cell therapy 
has attracted increasing attention in recent years (1-3). 
ADSCs have the potential to differentiate into multiple 
lineages, such as bone, cartilage, tendons, nerves, and 
fat when cultivated under lineage-specific conditions 
(4-5). Compared to bone marrow mesenchymal stem 
cells, ADSCs can be easily obtained in large amounts 
with less donor site morbidity and discomfort (6-8). 
Because of their convenient isolation, high level of auto-
reproducibility, pluripotentiality, and immunosuppressive 
properties, ADSCs are increasingly recognized as a 

promising source of human stem cells for cell therapy. 
ADSCs have been used in basic and clinical studies for 
the treatment of many diseases (9-13). The therapeutic 
mechanism of ADSCs in cell therapy is based on their 
ability to directly differentiate into tissue specific cells 
as well as the paracrine actions of factors released from 
ADSCs (14-16). However, the harsh microenvironment 
results in poor viability for transplanted cells, and 
this may significantly limit the paracrine capacity of 
ADSCs. Therefore, protecting ADSCs from apoptosis 
and improving their paracrine function is critical to a 
successful therapy based on ADSCs.
 The Bcl-2 antiapoptotic protein is a member of the 
Bcl-2 family, which plays an important role in regulating 
the mitochondrial apoptotic pathway to inhibit cell death 
(17). Bcl-2 overexpression can delay the occurrence 
of cell death (18). Bcl-2 deficiency leads to a loss of a 
death repressor in specific cells (19). As indicated by a 
previous study (20), Bcl-2 overexpression significantly 
reduces ADSC apoptosis. ADSCs are known to enhance 

Summary There is an increasing recognition that beneficial effects of adipose-derived stem cell (ADSC) 
therapy may depend largely on the secretion of multiple growth factors. This study modified 
ADSCs with the Bcl-2 gene in order to increase the secretion of growth factors during 
oxygen-glucose deprivation (OGD). The phenotypes of human ADSCs that were passaged 4 
times were analyzed using flow cytometry. Then, ADSCs were genetically modified with Bcl-
2 and Bcl-2 gene transduction was verified with Western blotting. Proliferative capacity and 
multipotent differentiation properties were evaluated in Bcl-2-modified ADSCs. Secretion 
of vascular endothelial growth factor (VEGF), hepatocyte growth factor (HGF), and basic 
fibroblast growth factor (bFGF) was evaluated using an enzyme-linked immunosorbent 
assay (ELISA) during OGD. Human ADSCs that were passaged 4 times expressed stem 
cell-associated markers but not a fibroblast marker or a hematopoietic stem cell marker. 
The Bcl-2 gene was efficiently transfected into ADSCs; Bcl-2 modification did not affect 
the proliferative and multilineage differentiation capacity of ADSCs. In addition, Bcl-2 
overexpression enhanced the secretion of VEGF, bFGF, and HGF by 14.47%, 16.9%, and 
91%, respectively, compared to ADSCs alone that were deprived of oxygen and glucose. 
These data suggest that Bcl-2 overexpression enhances secretion of angiogenic growth factors 
by ADSCs deprived of oxygen and glucose.

Keywords: Adipose-derived stem cells (ADSCs), Bcl-2, gene transduction, growth factor
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the secretion of angiogenic and antiapoptotic factors 
under hypoxic conditions (16). The present study sought 
to investigate the secretion of growth factors by Bcl-2-
modified ADSCs under ischemic conditions induced by 
oxygen-glucose deprivation (OGD) in an in vitro model.

2. Materials and Methods

2.1. Isolation and culturing of human ADSCs

Samples of human adipose tissue were obtained 
from three healthy female donors undergoing thigh 
liposuction. Informed consent was obtained from 
these donors and the study protocol was approved 
by an institutional review board. The aspirated fat 
was washed with PBS and then digested with 0.1% 
collagenase type I (Gibco, Life Technologies, CA, 
USA). The digested tissue was centrifuged to separate 
the stromal cell fraction from adipocytes and connective 
tissues. The cells were resuspended with complete 
Dulbecco's modified Eagle medium (DMEM) (Gibco) 
containing 10% fetal bovine serum (Gibco) and 1% 
penicillin/streptomycin (Keygentec, Nanjing, China). 
The cells were passed through a 200-μm mesh and 
then centrifuged. The isolated cells were resuspended 
in complete DMEM, placed into 25-cm2 flasks, and 
cultured at 37°C in a humidified atmosphere with 5% 
CO2. The medium was replaced every 3 days. Cells 
were passaged at a ratio of 1:2 per week. Only cells that 
were passaged 4 times were used in this study.

2.2. Characterization of human ADSCs

ADSCs were harvested by treatment with 0.25% 
trypsin/EDTA (Gibco) and then resuspended at a 
total number of 2 × 106 cells in 500 μL PBS. ADSCs 
were labeled for 15 min at 4°C with the following 
monoclonal antibodies: anti-CD29-FITC (eBioscience, 
San Diego,  CA,  USA),  ant i -CD34-FITC (BD 
Biosciences, San Diego, CA, USA), anti-CD44-PE 
(BD Biosciences), anti-CD90-FITC (BD Biosciences), 
anti-CD133 (293C3)-PE (Miltenyi Biotec GmbH, 
Bergisch Gladbach, Germany), or HLA-DR-FITC (BD 
Biosciences). The cells were thoroughly washed with 
PBS before analysis. FITC- or PE-labeled mouse IgG 
(Biolegend, San Diego, CA, USA) was used as the 
isotype control. The cells were then analyzed with a 
BDFACSCanto flow cytometer (Becton-Dickinson, 
San Jose, CA, USA). Data were analyzed with the Cell 
Quest software package (Becton Dickinson, Bedford, 
Mass, USA).

2.3. Gene transduction in ADSCs

ADSCs that had been passaged 4 times were seeded in a 
six-well plate at 1 × 105 cells/well. At 80% confluence, 
the ADSCs were infected with an adenovirus encoding 

the enhanced green fluorescent protein gene (Ad/
EGFP) at different multiplicities of infection (MOI 
= 0, 100, 200, and 500). At 48 h post-transduction, 
the transduction efficiency of the EGFP gene was 
examined under a fluorescence microscope (ZEISS, 
Germany) and with flow cytometry. The optimal MOI 
was used for Bcl-2 gene delivery into ADSCs. ADSCs 
without gene transduction and those transfected with 
adenovirus carrying Bcl-2 (Ad/Bcl-2) or adenovirus 
alone were termed "ADSCs", "Bcl-2-ADSCs", and 
"vector-ADSCs", respectively. Levels of Bcl-2 protein 
expression were evaluated using Western blotting.

2.4. Measurement of doubling time

ADSCs, vector-ADSCs, and Bcl-2-ADSCs were seeded 
at a density of 1 × 104 cells per cm2 in six-well plates 
and incubated until they reached their logarithmic 
growth phase. The cells were then harvested at 
intervals of 48 h and counted with a cell counting plate. 
Doubling time was calculated according to a formula 
from a previous study (21). Doubling time = 48 h/log2 
(N2/N1), where N1 is the first cell count and N2 is the 
cell count 48 h later.

2.5. Differentiation of genetically modified human 
ADSCs

To induce adipogenic differentiation, Bcl-2-ADSCs 
were seeded onto plates at 1 × 104 cells/cm2 in complete 
DMEM. After culturing for 24 h, the medium was 
changed to adipogenic induction medium using an 
Adipogenesis Differentiation Kit (Gibco) and the cells 
were cultured for 14 days. Then, Oil Red O staining was 
used to observe oil droplets in the cytoplasm of cells. 
For chondrogenic differentiation, 5-μL droplets of Bcl-
2-ADSCs in complete DMEM (1 × 107 cells/mL) were 
seeded onto plates. After culturing for 48 h, the medium 
was changed to chondrogenic induction medium 
using a Chondrogenesis Differentiation Kit (Gibco). 
Chondrogenic differentiation was induced for 14 days. 
Chondrogenic differentiation was assessed using Alcian 
Blue staining. For osteogenic differentiation, Bcl-
2-ADSCs (5 × 103/cm2) were seeded onto plates in 
complete DMEM. After culturing for 48 h, the medium 
was changed to osteogenic induction medium using an 
Osteogenesis Differentiation Kit (Gibco) and cells were 
cultured for 24 days. The cells were then stained with a 
1% Alizarin Red S solution.

2.6. Western blotting

Equal amounts of denatured proteins were loaded 
into each lane of a gel. After electrophoresis, the 
resolved proteins were transferred onto a nitrocellulose 
membrane. The membrane was blocked with PBS 
containing 0.2% Tween 20 and 5% skim milk for 2 h 
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according to flow cytometry. Representative GFP 
expression is shown in Figure 2A. Based on these 
results, the transduction efficiency reached its maximum 
at a MOI of 200 (Figure 2B). After transduction, Bcl-
2-ADSCs and vector-ADSCs were morphologically 
indistinguishable from ADSCs. Thus, an optimal MOI of 
200 was chosen for subsequent experiments. Detectable 
protein expression of Bcl-2 was observed in Bcl-2-

at room temperature and then incubated with an anti-
human Bcl-2 antibody (Keygentec) overnight at 4°C. 
The membrane was subsequently incubated with a 
horseradish peroxidase-conjugated secondary antibody, 
and specific bands were detected with an ECL kit 
(Keygentec).

2.7. Oxygen-glucose deprivation

ADSCs, vector-ADSCs, and Bcl-2-ADSCs were seeded 
at a density of 2.5 × 105 cells per well on three six-well 
plates in complete DMEM and then cultured for 24 h. 
OGD was then performed as described previously (22). 
Briefly, cells were cultured in glucose-free DMEM 
(Gibco) and exposed to hypoxic conditions in an 
airtight chamber with 95% N2 and 5% CO2 at 37°C.

2.8. Determination of levels of growth factors

Cells were cultured and either deprived of oxygen and 
glucose or not deprived of oxygen and glucose for up 
to 48 h. The conditioned media with the three groups of 
cells (ADSCs, vector-ADSCs, and Bcl-2-ADSCs) were 
collected to evaluate the levels of vascular endothelial 
growth factor (VEGF), hepatocyte growth factor (HGF), 
and basic fibroblast growth factor (bFGF) using a 
human VEGF enzyme immunoassay kit (Keygentec), 
human bFGF (Keygentec), or human HGF enzyme 
immunoassay kit (Keygentec) in accordance with the 
manufacturer's protocol.

2.9. Statistical analysis

Data are expressed as mean ± S.D. Statistical analyses 
were performed using the statistical software SPSS 
(version 13.0; IBM, USA). Differences among the 
3 groups of cells (ADSCs, vector-ADSCs, and Bcl-
2-ADSCs) were compared using one-way ANOVA. 
Comparisons between 2 groups were performed with 
an unpaired Student's t test. A value of p < 0.05 was 
considered statistically significant.

3. Results and Discussion

3.1. Characterization of human ADSCs

Flow cytometric analysis indicated that ADSCs 
expressed stem cell-associated markers CD29, CD44, 
and CD90 but lacked expression of CD34, the fibroblast 
marker HLA-DR, and the hematopoietic stem cell 
marker CD133 (Figure 1).

3.2. Bcl-2 overexpression in genetically modified human 
ADSCs

At MOIs of 0, 100, 200, and 500, Ad/EGFP transduction 
efficiency was 0, 49%, 80%, and 80.5%, respectively, 

Figure 1. Representative data on the immunophenotypes 
of human ADSCs that were passaged 4 times. Fluorescence-
activated cell sorter analysis indicating the expression of 
selected surface molecules. (A) CD29; (B) CD34; (C) 
CD44; (D) CD90; (G and H) Control cells labeled with non-
immunoreactive isotype control antibodies. ADSCs expressed 
the stem cell-associated markers CD29, CD44, and CD90 and 
did not express CD34, the fibroblast marker HLA-DR, or the 
hematopoietic stem cell marker CD133.

Figure 2. Transduction of ADSCs with an adenoviral vector. 
(A) Representative photomicrograph of ADSCs transfected 
with Ad/EGFP. Fluorescence-activated cell sorter analysis 
indicating the transduction efficiency of EGFP-transfected 
ADSCs (B) compared to untransfected ADSCs (C). (D) 
Representative western blots showing overexpression of Bcl-2 
protein in Bcl-2-ADSCs, which remained at a high level for 14 
days post-transduction. GAPDH served as the loading control. 
Scale bar = 100 μm.
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ADSCs as early as 24 h and that level of expression 
remained high as of day 14 (Figure 2C). In contrast, 
weak expression of Bcl-2 was detected in vector-ADSCs 
24 h post-transduction and in ADSCs, indicating a low 
level of endogenous Bcl-2 protein in ADSCs.

3.3. Bcl-2-modified human ADSCs retained their 
proliferative and multipotent capacity

ADSCs, vector-ADSCs, and Bcl-2-ADSCs had 
comparable doubling times (Figure 3A). Bcl-2-ADSCs 
differentiated into adipocytes, as indicated by Oil 
Red O staining (Figure 3B, left). Chondrocytes were 
apparent according to staining with Alcian Blue (Figure 
3B, center), and osteoblasts were apparent according to 
Alizarin Red S staining (Figure 3B, right).

3.4. Bcl-2-modified human ADSCs upregulated growth 
factors while deprived of oxygen and glucose

During deprivation of oxygen and glucose, Bcl-2-
ADSCs secreted a significantly higher level of VEGF 
than ADSCs alone (720.83 ± 90.02 versus 629.67 ± 
20.45 pg/mL, p < 0.05) or than vector-ADSCs (622.50 
± 17.82 pg/mL, p < 0.05). Bcl-2-ADSCs secreted a 
significantly higher level of bFGF than ADSCs alone 
(383.83 ± 13.86 versus 328.33 ± 4.32 pg/mL, p < 0.05) 
or than vector-ADSCs (332.50 ± 4.85 pg/mL, p < 0.05). 
Bcl-2-ADSCs secreted a significantly higher level 
of HGF than ADSCs alone (3943.80 ± 260.78 versus 
2064.70 ± 387.16 pg/mL, p < 0.05) or than vector-
ADSCs (1952.00 ± 128.54 pg/mL, p < 0.05). Bcl-2-
ADSCs secreted a 14.47% higher level of VEGF, a 
16.9% higher level of bFGF, and a 91% higher level 
of HGF compared to ADSCs alone that were cultured 
while deprived of oxygen and glucose. There were no 
significant differences in the levels of these three factors 
in ADSCs and vector-ADSCs deprived of oxygen and 
glucose (p > 0.05). The levels of VEGF and HGF were 
higher during deprivation of oxygen and glucose than 
during normal culturing (p < 0.001). However, the level 
of bFGF during deprivation of oxygen and glucose was 
comparable to that during normal culturing. There were 
no significant differences in the levels of these three 
factors in ADSCs, vector-ADSCs, and Bcl-2-ADSCs 
during normal culturing (Figure 4).

Use of cell-based therapy to treat a number of diseases 
is a rapidly developing trend in tissue engineering and 
regenerative medicine. Availability of appropriate cell 
types remains a crucial issue for therapeutic efficacy 
and safety. There are several different types of stem 
cells that have been considered. Although embryonic 
stem cells have the greatest regenerative potential, 
their use is limited by ethical reasons, potential 
tumorigenicity, and immunological rejection (23). Use 
of endothelial progenitor cells from peripheral blood 
and bone marrow is hampered by expensive procedures 
of isolation and difficulties in obtaining a sufficient 

Figure 4. VEGF, HGF, and bFGF secretion by ADSCs, vector-ADSCs, and Bcl-2-ADSCs while deprived of oxygen and 
glucose or not deprived of oxygen and glucose. (A-C) After incubation for 48 h, the secretion of VEGF, HGF, and bFGF by 
cells that were not deprived of oxygen and glucose and cells that were deprived of oxygen and glucose (n = 8 in each group) in 
conditioned medium was measured using ELISA. VEGF, HGF, and bFGF concentrations are presented as the mean ± S.D

Figure 3. Doubling time and differentiation capacity of 
Bcl-2-ADSCs. (A) The rate of cell proliferation by ADSCs, 
vector-ADSCs, and Bcl-2-ADSCs was determined, and their 
doubling times were determined. There were no significant 
differences in the doubling time of ADSCs, vector-ADSCs, 
and Bcl-2-ADSCs. Bcl-2-ADSCs were cultured in adipogenic, 
chondrogenic, and osteogenic medium. (B) Adipogenic 
differentiation. Staining with Oil Red O. (C) Chondrogenic 
differentiation. Staining with Alcian Blue. (D) Osteogenic 
differentiation. Staining with Alizarin Red S. Values are 
presented as the mean ± S.D. Scale bar = 50 μm.
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amount of cells. In addition, in vitro cell expansion 
over multiple passages increases the potential risk of 
malignancies and chromosomal abnormalities. The 
harvesting of bone marrow to obtain mesenchymal 
stromal cells is an invasive and painful procedure. 
ADSCs have the advantages of easy availability from 
subcutaneous adipose tissue in large quantities with 
minimal donor site morbidity and simple collection 
procedures compared to those for other types of stem 
cells. Therapy based on ADSCs has emerged as a novel 
approach to treat a wide range of medical conditions. 
Thus, ADSCs appear to be favorable candidates for 
practical stem cell-based therapy. 
 ADSCs play important roles in cell therapy through 
multidifferentiation as well as through secretion of 
growth factors. There is an increasing recognition that 
the benefits of cell therapy may be mostly attributed to 
the secretion of multiple complementary growth factors 
(24-26). Numerous studies have examined the paracrine 
mechanism of ADSCs. In vitro, ADSCs can secrete 
a variety of angiogenic, antiapoptotic, and mitogenic 
factors, including VEGF, HGF, bFGF, and transforming 
growth factor-β. Furthermore, the secretion of these 
growth factors is significantly enhanced when ADSCs 
are exposed to hypoxic conditions (16,27). These 
growth factors possess angiogenic potential and work 
collaboratively (15,28,29). Angiogenesis involves 
activation, migration, and proliferation of endothelial 
cells and is regulated by certain growth factors. These 
growth factors promote therapeutic angiogenesis, 
possibly by the combination of direct effects of some 
growth factors on endothelial cells and indirect effects, 
including paracrine upregulation of other growth 
factors (30). However, marrow-derived mesenchymal 
stromal cells have a poor survival once implanted 
and exposed to ischemic conditions; previous studies 
revealed that only a small amount of grafted cells 
had survived in situ 4 days after injection (31-33). 
Therefore, ADSC-based therapy may be hindered by 
low cell survival rates. Previous findings have indicated 
that Bcl-2 overexpression significantly reduces ADSC 
apoptosis under harsh conditions (20). Using Bcl-2 
overexpression to protect ADSCs from apoptosis would 
establish a good foundation for the paracrine function 
of ADSCs. 
 In the present study, flow cytometric analyses 
revealed that ADSCs that were passaged 4 times 
expressed the stem cell-associated surface markers 
CD29, CD44, and CD90 but not the fibroblast marker 
HLA-DR or the hematopoietic stem cell marker 
CD133. A point worth mentioning is that ADSCs that 
were passaged 4 times did not express CD34. The 
expression profiles coincided with those in previous 
studies (21,34,35). Expression of CD34 and CD34 by 
ADSCs declined with additional passages. Western 
blotting indicated that the exogenous Bcl-2 gene was 
efficiently transferred into ADSCs and resulted in a 

high of Bcl-2 expression at the protein level. ADSCs 
that were genetically modified with Bcl-2 retained 
their differentiation and proliferative capacity. Bcl-
2 overexpression significantly increased the secretion 
of growth factors when the cells were cultured while 
deprived of oxygen and glucose. The present study, 
to the extent known, is the first to find that Bcl-2-
ADSCs release higher levels of multiple growth 
factors, such as VEGF, bFGF, and HGF, than do vector-
ADSCs and ADSCs alone while deprived of oxygen 
and glucose. Previous studies have indicated that the 
use of single angiogenic growth factors to strengthen 
neovascularization in patients with atherosclerotic 
disease results in only modest success (36,37). 
Angiogenesis and collateral growth are likely to require 
multiple growth factors acting in concert (38,39). The 
present study provides the first direct evidence that 
Bcl-2 upregulation enhances the potential secretion of 
growth factors by ADSCs under ischemic conditions. 
Bcl-2 modification has the advantage of enhancing 
the levels of a variety of growth factors instead of a 
single factor when cells are exposed to an ischemic 
environment early on. Bcl-2-modifid ADSCs can 
secrete a range of angiogenic growth factors that act in 
a synergistic manner to promote angiogenesis. This is 
highly preferable to the increased expression of a single 
angiogenic factor. The underlying mechanism by which 
Bcl-2 upregulation enhances the potential secretion of 
growth factors by ADSCs under ischemic conditions 
needs to be studied.
 In conclusion, the present results indicated that Bcl-
2 genetically modified ADSCs retain their proliferative 
and multilineage differentiation potential. In addition, 
Bcl-2 upregulation via gene transduction significantly 
enhanced the levels of paracrine factors secreted by 
ADSCs under ischemic conditions. These findings 
provide an experimental basis on which to enhance the 
potential secretion of growth factors by ADSCs under 
ischemic conditions.
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1. Introduction

With the development of mini-invasive technique, 
laparoscopic operations have been the mainstay of 
general surgery. Usually artificial pneumoperitoneum 
is established with carbon dioxide insufflation and the 
intra-abdominal pressure (IAP) is frequently maintained 
at 10 to 15 mmHg. Given that the preload is significantly 
influenced by the increase of IAP, it is important to 
evaluate the influence of IAP on the volume status of 
those patients undergoing laparoscopic surgery in clinical 
practice (1). 
 Currently there are two ways to monitor the state 
of volume. The first includes some traditional static 

parameters such as central venous pressure (CVP) 
and pulmonary capillary wedge pressure (PCWP). 
Both indices are invasive and have been shown to 
reflect the patient’s volume status poorly and predict 
a cardiac response to fluid therapy incompetently 
(2,3). By contrast, dynamic variable such as stroke 
volume variation (SVV) has been shown to be a good 
predictor of volume responsiveness in mechanically 
ventilated patients undergoing open chest surgery, liver 
transplantation, and abdominal surgery (4-6). However, it 
was controversial whether SVV changed when IAP was 
increased in patients undergoing laparoscopic surgery 
(7,8). On the other hand, noninvasive plethysmographic 
variability index (PVI) is a new parameter used for the 
purpose of fluid responsiveness in patients receiving 
several kinds of surgeries (9-14). In patients undergoing 
laparoscopic surgery, a previous study has suggested 
that PVI increased significantly after pneumoperitoneum 
was established (7). However, it is still elusive whether 
PVI and SVV could convincingly reflect the changes 

Summary The purpose of the present study was to evaluate the effect of increasing intra-abdominal 
pressure (IAP) on stroke volume variation (SVV) and plethysmographic variability index (PVI) 
in patients undergoing laparoscopic cholecystectomy. PVI examined by Masimo Radical 7 
pulse oximeter and SVV determined using FloTrac/Vigileo were monitored simultaneously 
in forty-five patients undergoing laparoscopic cholecystectomy (LC). Mean arterial blood 
pressure (MAP), heart rate (HR), cardiac index (CI), perfusion index (PI), airway pressures 
(P), SVV, and PVI were also recorded at the following predetermined time: 5 min after 
endotracheal intubation (T1), 5 min after pneumoperitoneum at 5 mmHg (T2), 5 min after 
pneumoperitoneum at 10 mmHg (T3), 5 min after pneumoperitoneum at 15 mmHg (T4), and 
5 min after the termination of pneumoperitoneum (T5). Forty-five patients with a total of 
225 pairs of measurements were included in the analysis. Compared with the values at T1, 
both SVV and PVI showed significant progressive increases as the IAP was adjusted from 
5 to 10, 15 mmHg at T2, T3, and T4, respectively. No significant difference was found when 
the pneumoperitoneum was terminated at T5. Further regressive analysis indicated strong 
relationships between SVV and IAP (r = 0.8118, p < 0.001), PVI and IAP(r = 0.8876, p < 0.001) 
respectively. Both PVI and SVV showed rapid and IAP correlative changes with increasing 
intra-abdominal pressure in patients undergoing laparoscopic cholecystectomy.

Keywords: Intra-abdominal pressure, plethysmographic variability index, stroke volume variation
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of intra-abdominal pressure in mechanically ventilated 
patients.
 Therefore, the aim of the present study was to 
investigate the responsiveness and the relationships 
between PVI and SVV with the increasing intra-
abdominal pressure in patients undergoing laparoscopic 
cholecystectomy (LC).

2. Materials and Methods

2.1. Subjects

The Institutional Review Board of Jinling Hospital 
approved the present study and written informed consent 
was obtained from each patient. Forty five patients 
undergoing elective LC were included in this prospective 
observational study from October 2013 to May 2014. 
Exclusion criteria were arrhythmias, diabetes, pulmonary 
diseases, intracardiac shunts, valvular heart disease, 
peripheral vascular disease, long-term taking oral 
vascular active drugs, body mass index (BMI) smaller 
than 18 or greater than 30, the blood loss over 100 mL 
during operation and the duration of surgery over 60 min.

2.2. Anesthesia and monitors

After arriving the operation room, all patients received 
routine monitors including electrocardiogram (ECG), 
pulse oximetry, capnography, and noninvasive blood 
pressure. General anesthesia was induced by the same 
anesthesiologist with midazolam (0.05 mg/kg), propofol 
(2.0-2.5 mg/kg), fentanyl (3 μg/kg) and rocuronium (0.6 
mg/kg) to facilitate tracheal intubation. Anesthesia was 
maintained with continuous infusion of propofol and cis-
atracurium supplemented with a bolus of fentanyl 0.3 
μg/kg to keep the bispectral index monitor (BIS, Aspect 
1000, Aspect Medical System Inc., Natick, MA, USA) 
between 40 and 60. Mechanical ventilation was adjusted 
to maintain end-tidal pressure of CO2 (PETCO2) between 
30-35 mmHg.
 According to the operation manual, SVV was 
determined by inserting an arterial catheter (20 gauge, 
Surflo, Terumo, Japan) preoperatively, then connecting 
via a prepackaged arterial pressure tubing set (VAMP 
Plus, Edwards Lifesciences) to a FloTrac™ sensor 
(Edwards Lifesciences) and a Vigileo™ monitor (software 
version 01.12, Edwards Lifesciences). Meanwhile, PVI 
was measured by a Masimo Radical 7 pulse oximeter with 
PVI software (version 7.6.2.1) through a pulse oximeter 
probe placed on the index finger of the other hand and 
wrapped to prevent outside light from interfering with the 
signal. Both values were continuously measured.

2.3. Study design

All patients were studied immediately after induction of 
anesthesia. We avoided any stimulation to the patients 

for 5 min before data collection in order to minimize the 
change of vasomotor tone. PVI and SVV were recorded 
at a predetermined set of the 5 time points by the 
other same anesthesiologist during the end-expiratory 
phase: T1, 5 min after endotracheal intubation; T2, 5 
min after pneumoperitoneum at 5 mmHg; T3, 5 min 
after pneumoperitoneum at 10 mmHg; T4, 5 min after 
pneumoperitoneum at 15 mmHg; T5, 5 min after the 
termination of pneumoperitoneum. The mean arterial 
blood pressure (MAP), heart rate (HR), cardiac index 
(CI = cardiac output/body surface area), SVV, PVI, 
perfusion index (PI), BIS, airway pressures (P), and 
PETCO2 were also recorded at the aforementioned time 
points.
 To exclude the impact of fluid on the SVV and 
PVI, 8 mL/Kg balanced solution was infused before 
anesthesia induction to supplement the insufficient 
induced by fast, then balanced solution was given at the 
rate of 4 mL/kg/h.

2.4. Statistical methods

Statistical analysis was performed using the software 
program Prism version 5.0 (Graphpad, San Diego, CA, 
USA). Descriptive statistics of the variables are presented 
as means ± SD. Normality of the distributions was tested 
using a Kolmogorov-Smirnov test. Data analysis was 
performed using repeated measurement of analysis of 
variance (ANOVA) followed by the Bonferroni test for 
post hoc comparisons. Linear regression was used to 
measure the relationship between IAP and SVV, IAP 
and PVI respectively. A p value of less than 0.05 was 
regarded as statistically significant difference.

3. Results and Discussion

In the present study, 45 patients receiving LC were 
enrolled (24 males and 21 females), with a mean age of 
46 years (range, 24-68). No patient met the exclusion 
criteria, thus 45 patients with a total of 225 pairs of 
measurements were included in the analysis. The general 
characteristics of patients were listed in Table 1. 
 As shown in Table 2, HR, CI and BIS did not alter 
significantly during the observed period. However, P and 
MAP increased significantly with the elevation of IAP. 
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Table 1. Patients characteristics
Parameters

Gender (male/female)
Age (year)
Height (cm)
Weight (kg)
ASA (I/II)
Operation time (min)
Anesthesia time (min)

    24/21
  46 ± 12
168 ± 8
  68 ± 9
    19/26
  37 ± 5
  57 ± 13

Data are presented as the mean ± standard deviation, or as actual 
numbers, when appropriate.
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In contrast, PI decreased significantly with the increase 
of IAP. After termination of pneumoperitoneum, these 
parameters returned to the level before insufflation.
 As shown in Figure 1A, SVV measured at T2 (13.73 ± 
2.84%), T3 (19.20 ± 2.84%) and T4 (24.67 ± 3.93%) were 
significantly increased when compared with the value 
at T1 (12.47 ± 3.13%). No significant difference was 
found between SVV at T5 (11.39 ± 3.96%) with SVV at 
T1. Similarly, the levels at T2 (17.96 ± 3.02%), T3 (26.07 
± 4.22%) and T4 (34.67 ± 5.56%) was significantly 
enhanced compared with the PVI at T1 (13.09 ± 3.36%). 
There was no significant difference between PVI at T5 
(14.64 ± 4.24%) with PVI at T1. 
 As shown in Figure 2, both SVV and PVI correlated 
significantly with the level of IAP (between SVV and 
IAP, r = 0.8118, p < 0.001; between PVI and IAP, r = 
0.8876, p < 0.001).
 The major finding of the present study was that 
increasing IAP induced rapid and correlative changes 
for both SVV and PVI. After termination of insufflation, 
both SVV and PVI returned to the level without 
pneumoperitoneum.
 Estimating the volume status of patients is a 
frequent problem for the anesthesiologist and surgeons. 
The estimation is usually obtained by means of static 
as well as dynamic variables. Frequently used static 
preload variables, including CVP and PCWP, often fail 
to provide reliable information on volume status and 
are not capable of predicting a cardiac response to fluid 
therapy (2,3). By contrast, dynamic variables such as 
PVI and SVV could reliably predict the response to 
fluid administration during mechanically ventilation 
(6,9,11,15). Although both SVV and PVI could reflect 
the fluid loading, it is known that both are disturbed 
by several confounder factors such as: arrhythmia, 
vasomotor tone, vasoactive drugs, pleural effusion, 
intra-abdominal pressure and so on (16-18). 
 In patients undergoing laparoscopic surgery, intra-
abdominal pressure is deliberatively increased to 10-
15mmHg by carbon dioxide insufflation. It is well 
known that pneumoperitoneum could induce significant 
disturbance of hemodynamics, which are manifested 
as decreases in cardiac output, increases of systemic 
and pulmonary vascular resistances, elevated arterial 

Table 2. Values of mean arterial blood pressure (MAP), heart rate (HR), cardiac index (CI), perfusion index (PI), airway 
pressures (P), and bispectral index (BIS) at fi ve time points

Parameters

MAP (mm Hg)
HR (beats/min)
CI (L•min-1•m-2)
PI (%)
P (cmH2O)
BIS

       T1

   79 ± 7
   78 ± 10
  2.7 ± 0.7
  5.0 ± 0.4
15.0 ± 2.6
   51 ± 5

Data are presented as the mean ± standard deviation. T1: 5 min after endotracheal intubation; T2: 5 min after pneumoperitoneum at 5 mmHg; T3: 5 
min after pneumoperitoneum at 10 mmHg; T4: 5 min after pneumoperitoneum at 15 mmHg; T5: 5 min after the termination of pneumoperitoneum. 
* p < 0.05 vs. T1.

       T2

   80 ± 7
   77 ± 7
  2.6 ± 0.6
  3.7 ± 0.3*

16.6 ± 3.1
   51 ± 4

       T3

   90 ± 8*

   77 ± 7
  2.5 ± 0.9
  2.1 ± 0.2*

19.3 ± 3.4*

   50 ± 5

        T4

 102 ± 10*

   76 ± 11
  2.4 ± 0.6
  1.2 ± 0.1*

22.0 ± 3.9*

   51 ± 5

       T5

   80 ± 8
   77 ± 6
  2.9 ± 0.7
  4.8 ± 0.4
15.5 ± 2.7
   51 ± 4

Figure 1. The values of stroke volume variation (SVV) and 
plethysmographic variability index (PVI) at different levels 
of intra-abdominal pressure (IAP). T1: IAP = 0 mmHg before 
pneumoperitoneum; T2: IAP = 5 mmHg after pneumoperitoneum; 
T3: IAP = 10 mmHg after pneumoperitoneum; T4: IAP = 15 
mmHg after pneumoperitoneum; T5: IAP = 0 mmHg termination 
of pneumoperitoneum. ** p < 0.01, compared with the level of 
SVV (A) or PVI (B) at the T1, n = 45.

Figure 2. Correlation between stroke volume variation 
(SVV) and plethysmographic variability index (PVI) with 
the different levels of intra-abdominal pressure (IAP) from 
the data of 45 patients.
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pressure and decreases in venous return (1). In the 
present study, we also found the increase of MAP and 
the decrease of PI. Using SVV and PVI, we further 
observed the effect of IAP on the volume status. In 
2012, Høiseth et al. reported that pneumoperitoneum 
(10-12 mmHg) only changed the PVI significantly, but 
did not change the SVV (7). However, a recent study 
by Wajima et al. indicated that SVV was significantly 
increased at 2 to 5 min after pneumoperitoneum, and 
significantly decreased at 1 to 5 min after release of 
pneumoperitoneum (8). Compared with those studies, 
our work had three features that the level of IAP was 
not sole, but adjusted to three stages as 5, 10 and 15 
mmHg; the values of SVV and PVI were recorded 
simultaneously at 5 min after the establishment of the 
different levels of pneumoperitoneum and the infused 
fluid was restricted at low speed to avoid the impact on 
the SVV and PVI. We found that both SVV and PVI 
increased progressively as the level of IAP was adjusted 
from 0 to 5, 10 and 15 mmHg. After termination of 
pneumoperitoneum, both SVV and PVI showed no 
difference with the level before pneumoperitoneum. 
Furthermore, the regressive analysis demonstrated that 
there existed positive regression between SVV and IAP, 
PVI and IAP, respectively.
 Although both SVV and PVI could reflect the 
influence of IAP effectively, PVI might be the better 
choice for clinical setting. Firstly, PVI could be 
continuously and noninvasively monitored. As for 
SVV, it was invasive and not routinely available in 
daily clinical practice. Secondly, PVI showed a more 
consistent response to the IAP. In the present study, we 
found that the individual values of SVV and PVI at T2 
were actually smaller than those at T1 in 17.8% (8/45) 
patients for SVV and 4.4% (2/45) patients for PVI. When 
IAP was 10 or 15 mmHg, there were no exceptions for 
both indices. Lastly, PVI showed a more steep response 
to the increase of IAP compared with the SVV. 
 There also existed some limitations in our study. 
Firstly, the IAP before pneumoperitoneum was 
arbitrarily determined as 0 mmHg, but it was well 
known that the IAP correlated with BMI in the healthy 
people (19). Thus the inclusion criteria for BMI was 
between 18 and 30. Furthermore our repeated measure 
study design should greatly overcome this shortcoming. 
Secondly, BIS could not effectively measure the degree 
of stress response, which would affect both SVV and 
PVI significantly. Unfortunately, the devices that 
could monitor the stress response are not available 
in the current clinical setting. Lastly, in the present 
study increasing IAP was induced by carbon dioxide 
insufflation, which might be different from conditions 
occured secondary to abdominal compression in 
critically ill patients. Therefore, future studies are 
warranted to determine the change of SVV and PVI 
with increased intra-abdominal pressure induced by 
different circumstances.

 In conclusion, our data suggested that both SVV and 
noninvasive PVI demonstrated rapid and correlative 
changes with increased intra-abdominal pressure 
resulting from carbon dioxide insufflations. Furthermore, 
it seemed that PVI was more sensitive to reflect the 
change of IAH.
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Retraction of a study on genetically modified corn: Expert 
investigations should speak louder during controversies over safety
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Over the past few years, alarm about the safety of 
genetically modified (GM) foods has spread around 
the world over Facebook, Twitter, WeChat, and Line. 
After scientists publish striking research conclusions, 
these findings are widely disseminated to the public 
by the media. These research conclusions are then 
subsequently investigated, evaluated, and corrected 
by other scientists (Table 1). One alarming report 
originated with a controversial study on GM corn that 
was retracted in 2013 after many scientists challenged 
the scientific rationality of its findings. The study, first 
published in 2012 in the journal Food and Chemical 
Toxicology, announced that GM corn engineered to be 
tolerant to Monsanto's herbicide
 Roundup caused health hazards in rats (1). The study 
reported that the GM corn promoted liver congestions 
and necrosis, tumor growth, and carried the risk of death. 

 The study captured headlines around the world with 
its gruesome pictures of rats that were apparently more 
likely to develop severe tumors and die earlier after 
being fed Monsanto's GM corn, regardless of whether or 
not the corn was cultivated with the herbicide Roundup. 
In November 2013, the publisher of Food and Chemical 
Toxicology, Elsevier, explained that it was retracting the 
study due to concerns about the research methodology 
following a "thorough and time-consuming analysis". 
Although a statement from Elsevier emphasized 
that there was no evidence of fraud or intentional 
misrepresentation of the data (2), the small number of 
rats used in the study meant that its conclusions were 
not definitive (3,4). The Sprague-Dawley strain of rats 
used in the study are known to have a high morbidity 
of tumors, but this factor alone was not sufficient to 
cause the higher incidence and mortality observed in 
the treated groups (5-8). One year later, the study's 
authors republished the study in a lesser-known journal, 
Environmental Sciences Europe (9). However, the story 
did not end there. 
 In 2014, Delaney et al. fed processed fractions from 
herbicide-tolerant (DP-Ø73496-4) canola to rodents for 
13 weeks to verify the contention that GM foods are 

Summary Over the past few years, genetically modified organisms (GMO) have gradually become 
more familiar after numerous reports of problems with GMO safety, such as genetically 
modified (GM) potatoes disrupting immunity, GM corn inducing tumors, and GM rice 
being fed to unwitting Chinese children. Every time, these reports cause panic among the 
population and lead to objections to GMO in various fora. After each incident, the scientific 
community has delivered its academic appraisal and refuted rumors through slow and 
cautious investigations and evaluations. Unfortunately, during each event media outlets 
quickly scare the public about food safety and ignore the ensuing comments from scientists. 
Although scientists have investigated each GMO crisis and reached scientific and rational 
conclusions, they have less ability to disseminate information than the media, so the public 
is not promptly informed of their rational and objective viewpoints as experts. Thus, 
scientists need greater ability to disseminate information from scientific investigations and 
evaluations in order to correct the intemperate reporting by attention-seeking media.
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as safe as non-GM foods. This study was published in 
the journal Food and Chemical Toxicology (10). That 
same year, Séralini, the author of the retracted paper 
mentioned earlier, wrote a letter to the editor suggesting 
retraction of Delaney's paper. In his letter, Séralini 
pointed that the "uncontrolled presence of pesticide 
residues and other GMOs make the study inconclusive" 
(11). The publisher Elsevier was once again embroiled 
in a crisis.
 Séralini's study was exaggerated by the media 
and was subsequently criticized by many scientists. 
A similar incident occurred in China at the same 
time. Yongyuan Cui, a former host of China's state 
broadcaster China Central Television (CCTV) who 
is noted for challenging authorities and mainstream 
society, questioned the safety of GM foods. Last 
year, he spent 500,000 yuan ($82,342) of his own 
money to travel to the United States (US) to shoot a 
documentary investigating American attitudes towards 
GM foods and controversies over genetically modified 
organisms (GMOs) in American academic circles. The 
documentary soon reached every media outlet in China. 
The documentary interviewed Americans in different 
occupations and reached the conclusion that GM foods 
were harmful to human health. Cui's considerable 
influence among the public in China led a large number 
of Chinese to believe that GM foods were toxic and 
carcinogenic. However, a few scientists have noted 
obvious errors in his documentary, such as statistical 
errors, subjective bias, and weak scientific backgrounds, 
that render the film unscientific and misleading (12,13). 
Cui garnered a great deal of attention from the media, 
but he was dismissed as a source of misinformation by 
the scientific community in China.
 In fact, there are a number of similar arguments 
emerging every day in the field of GMOs. Problems 
occurring in the field of GMOs are, to a large extent, 
the result of the gap in scientific rationality and the 

common wisdom of the public and the media. This gap 
has placed scientists in a weaker position to educate 
the public than media reports. In 2013, Flipse and 
Osseweijer (14) examined reports on GM foods in 
major English-language media over the previous 15 
years, and they found that GMO-related reports had 
increased during GMO-related incidents, such as the 
study in the Lancet by Pusztai, a Scottish scientist, 
suggesting that GM potatoes were harmful to health 
(15); a study by Losey et al. in Nature indicating that 
the death of monarch butterfly larvae was related 
to GM corn (3); and a study by Quist and Chapela 
indicating that GM corn with transgenic DNA had 
contaminated traditional corn in Mexico (4). Although 
all these studies were not accepted by most scientists, 
they made a great impact on the media. Scientists 
and biotechnology companies are always slower at 
disseminating information than the media since they 
have to spend more time investigating in order to avoid 
criticism. As a result, the media had lost interest when 
scientific conclusions were ultimately reached. Thus, 
there is an imbalance in the influence that information 
from the media and scientists has. Solitary reports 
usually deliver incomplete information to the public, 
and thus lead to misinformation.
 During the incidents mentioned earlier, numerous 
media reports overwhelmed the faint voice of the 
scientific community. However, the media cannot provide 
solid evidence to solve problems with GMO safety. To 
the contrary, experts following scientific methods supply 
evidence. Here, previous crises concerning GM foods 
will be reviewed and how scientists investigated these 
incidents and what scientific conclusions they reached 
will be described.
 The earliest study to question GMO safety was one 
by Pusztai et al. (15). Pusztai announced the study's 
results on a TV show in 1998. The study fed rodents 
unaltered potatoes, similar potatoes laced with lectins, 
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Table 1. Famous incidents in GM food safety and related controversies

Initiator (Year)

Pusztai A (1999)

Losey JE (1999)

Quist D and 
Chapela IH (2001)

Séralini GE (2012)

Cui YY (2013)

GM foods

Potato

Corn pollen

Corn

Corn

Corn and rice

Ref.

(13)

(3)

(4)

(1)

(12,13)

Journals

Lancet

Nature

Nature

Food Chem Toxicol

Documentary film

Viewpoints

Causes  abnormal i t ies  in 
development and immunity

Kills the larvae of the monarch 
butterfly

Gene enters traditional local 
crops

Promotes liver congestions 
and necrosis, tumor growth, 
and carries risk of death

Toxic and carcinogenic

Criticisms

Rats were fed raw potatoes and given 
additional protein, which may have caused 
the observed effect

Pollen deposition decreases sharply a short 
distance from cornfields; butterflies were 
only fed milkweed dusted with corn pollen; 
numbers of butterflies did not decrease

Missampling; insufficient data

Small number of rats; high morbidity of 
tumors in SD rats

Statistical errors; subjective bias; weak 
scientific grounds
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news about Quist's paper is still on the website of the 
University of California at Berkeley, but the news also 
mentions that the study was retracted and feature links 
to sources contradicting its findings. 
 As Flipse and Osseweijer pointed out, the process of 
academic evaluation is too slow and judicious to match 
the pace of the media, but academics have sufficient 
power as experts to influence decision-makers to follow 
rational and empirical principle when formulating 
policy. When considering the introduction of GM 
crops, decision-makers should also be sure to take the 
public's will into account. Therefore, the scientific and 
expert opinions of the scientific community should be 
effectively conveyed to the public and information from 
scientists should be disseminated as widely and as loudly 
as that from the media. This will help the public to 
receive balanced information to make rational decisions 
should controversial issues arise again in the future.
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