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Driving factors and mode transformation regarding health technology
assessment (HTA) in China: Problems and recommendations
§

§

Haiyin Wang1, , Chunlin Jin1, , Fei Bai2, Xia Lin2, Liang Fang1, Hui Sun1, Wendi Cheng1,
Peipei Song1,3,*
1
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2

Summary

As the reform of Chinese medical and health undertakings has advanced (since 2015), the
admission, pricing and payment policies regarding the new health technologies of China
have undergone significant changes, and health technology assessment (HTA) has gradually
become one of the current reform and research hotspots in China. Based on the perspective
of HTA driving factors and the development mode, this paper proposes a two-stage mode
of HTA development in China, namely, the mode driven by the management of new heath
technology admission and another one driven by new health technology pricing and medical
insurance payment. In addition, the paper also proposes the challenges that HTA faces in
China under the current mode, including the development system, process standard, data
mechanism, and policy application. Besides, recommendations are provided for the further
development of HTA construction in China, including strengthening the development
system of regional HTA centers, formulating HTA process guidance, building a database,
improving evaluation quality and intensifying policy integration.
Keywords: Health technology assessment, China, driving factors, development mode, issues,
recommendations

1. Introduction
Health technology assessment (HTA) is a comprehensive
policy research method for systematically evaluating the
characteristics, effects and impacts of health technologies.
HTA's main goal is to support decision making regarding
health technology management (1). After more than 40
years of development, health technology assessment
has been widely adopted by countries around the world,
especially in most middle- and high-income countries
where formal HTA procedures have been established.
The application areas of HTA include fundraising and
planning, pricing and payment, clinical guidelines,
Released online in J-STAGE as advance publication April 20,
2019.
§
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and service quality (2,3). In recent years, HTA has
been widely developed and applied in Thailand, South
Korea, Vietnam, and Chinese Taipei in Asia (4). HTA
has also played an important role in the allocation and
management of health technology resources.
China introduced HTA in the 1990s under the
support of key decision makers from the Chinese
Ministry of Health followed by the development
and application in Chinese academic and research
institutions (5). However, overall, HTA in China is still
in slow development and has not been incorporated into
policy procedures, with only a small number of studies
being translated into policy decisions (6), which lags
far behind European and neighboring countries and
regions. The main problems faced by HTA in China
include a lack of legal support, national HTA centers,
relevant process mechanisms, discipline talents and
funding inputs (7). Since 2015, with the advancement
of China's medical insurance payment methods and
the reform of the compensation mechanism of public
hospitals (8,9). HTA has been applied for the first time
in such fields as price negotiation regarding high-priced
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drugs in China, centralized procurement of high-value
consumables and evaluation of new technologies, which
has enabled HTA in China to enter a new development
stage.
New health technologies refer to new technologies
that have entered the market while not yet entering the
pricing directory and reimbursement payments and
include drugs, equipment and surgical plans. Access,
payment and pricing of new health technologies are
all important application areas of HTA. In recent
years, China has undergone significant changes in the
admission, payment and pricing management modes
of new health technologies, such as accelerating the
admission and adjustment of the directory of new
health technologies, liberalizing the price control
over some new health technologies and empowering
public hospitals to take charge of the admission of new
health technologies. These policy changes are highly
consistent with the development of HTA in China
in recent years, which suggests that the admission,
payment and pricing of China's medical technologies
may be the key driving factors for the development of
HTA in China.
Wi t h t h e a d m i s s i o n , p a y m e n t a n d p r i c i n g
management policies regarding new health technologies
as the entry point, this paper analyzes the key elements
driving the development of HTA and their respective
development characteristics before and after the
changes of such policies. This paper also summarizes
the development rules and modes of HTA in China and
the current development of HTA in China and proposes
corresponding reform suggestions in the hope of
providing empirical support for the development of HTA
in China and other Asian countries and regions.
2. Driving factors and development modes of HTA in
China
Since 2015, the strategy for admission of new
health technologies to public hospitals in China
has transformed from admission granted by the
government and based on grades and categories
(Grade-I technologies are subject to the management
of hospitals themselves, and Grade-II and Grade-III
are subject to provincial and national examination and
approval, respectively; the grading of technologies is
mainly based on such issues as difficulty, risks and
ethics) to "instant admission without forbiddance"
(public hospitals can independently determine the
admission of new health technologies beyond the
restriction list formulated by the central government)
(10). In addition, the management subject of new health
technologies has also transformed from the government
to public hospitals. Furthermore, the pricing of new
health technologies in China has also been gradually
liberalized. In 2015, the Chinese government canceled
pricing on a majority of drugs, and new medical service

projects also adopted a strategy "integrating adjustment
and liberalization" (adjustment of medical service
prices and liberalization of the pricing on certain
medical service prices) (11,12). For example, the prices
of new medical services in such areas as Beijing and
Guangzhou were independently formulated by the
hospitals in those cities. At the same time, the medical
insurance payment mode in China was also gradually
transformed from payment by items to payment by
diseases (13).
From the perspective of driving factors, driving
forces and content characteristics of HTA in China, the
development of HTA in China can be divided into two
stages based on the driving factors. The first stage is
the period from 1993 to 2015, during which the main
driving factor was the management of the admission of
clinical new health technologies; the main driving force
was the Ministry of Health of the People's Republic of
China. The second stage is the period from 2015 to the
present, during which the main driving factors are the
adjustment of the directory of medical insurance drugs
and the negotiation-based pricing on drugs and highvalue consumables; the main driving departments are
the China Human Resources Security Bureau and the
China Development and Reform Commission (adjusted
as the China Medical Insurance Bureau subjected to
2018 institutional reform).
2.1. Mode driven by the management of admission of
new health technologies
The main driving force for the development of HTA
at this stage is the management of health technology
admission, during which the Ministry of Health of the
People's Republic of China, according to the Measures
for Management and Application of Clinical New
Technologies issued in 2009, assumed responsibility
for the evaluation on Grade-III technologies, which
mainly involve such contents as safety, effectiveness,
risks and ethical social impacts. At the same time,
the management of admission configuration was also
adopted for large-scale equipment, and the Ministry
of Health of China conducted HTA for Grade-A
equipment, which was mainly involved in economic
evaluation and effect evaluation. Therefore, at this
stage, the Department of Science and Education and
other departments of the Ministry of Health of the
People's Republic of China actively promoted the pilot
project and selected key technologies and equipment
for technology assessment every year. These cover
such new medical technologies as assisted reproductive
technology, newborn screening and cervical cancer
screening and such large-scale equipment such as
gamma knife, MRI and Leonardo's robot (14).
Under this mode, HTA mainly focuses on the
safety, effectiveness, and feasibility of new medical
technologies and the qualification of relevant
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institutions. In addition, most research focuses on the
concept of HTA and relevant domestic and international
development experience. A system evaluation is the
main method that was adopted with cost-effectiveness
and other health economic evaluation methods being
less frequently used (15). In April 2011, the Guideline
for Pharmacoeconomics Evaluation in China was
issued and showed a basic failure in incorporating
pharmacoeconomic research into the decision-making
scope of the government for applications not being
compulsorily required by the state or recommended by
the government (16).
Under this mode, HTA research institutions are
mainly colleges and universities with only a few
governmental HTA centers. For example, 4 national
HTA institutions were established in the 1990s, and
another 5 were established by 2015, of which only 3
belonged to the government (17) (Table 1).
2.2. Mode driven by new health technology pricing and
medical insurance payment
At this stage, the main driving forces for the
development of HTA are medical insurance payments
and negotiation-based pricing. During this time, the
government liberalized the pricing of medicines and the
admission of medical technologies and the Ministry of
Human Resources and Social Security and the National

Health Commission of the People's Republic of China
explored the adjustment on the directory of medical
insurance medicines and introduced HTA evidence
in pricing negotiation regarding costly medicines
and high-value consumables (Table 2). Meanwhile,
the implementation of HTA in the procurement
of consumables for medical devices is also under
exploration in hospitals (18).
At this stage, HTA focuses on the cost-effectiveness,
budget influence and payment standard of medical
technologies. For example, during the initial negotiation
on the pricing of 44 medicines implemented in 2017,
the Ministry of Human Resources and Social Security
of the People's Republic of China based on the
extensive collection of information with regard to such
aspects as the efficacy, prices, economy and medical
insurance payments of negotiating medicines and
referencing ones, established two assessment expert
panels for an assessment measurement perspective of
two aspects, namely, the economy of medicines and
the affordability of medical insurance funds. Based
on the assessment results of the two expert panels, the
working group finally determined the expected medical
insurance payment standard according to established
principles (19) (Figure 1).
At this stage, HTA institutions and networks acquire
a further development. For example, in 2016, the China
Health Policy and Technology Assessment Research

Table 1. HTA institutions under the new medical technology admission management mode
Year

Place

1993
1994
1994

Beijing
Shanghai
Beijing

1999
2002
2004
2005
2007
2011

Chengdu
Shanghai
Shanghai
Lanzhou
Beijing
Shanghai

Name
China Medicinal Biotechnology Association.
Key HTC Laboratory of the Department of Health in Fudan University.
Assessment and Transformation Research Office of the Health Economics Institute of the Ministry of Health of the People's
Republic of China.
Chinese Cochrane Center (West China University of Medical Sciences).
Pharmacoeconomics Evaluation and Research Center of Fudan University.
EBM (evidence-based medicine) Center of Fudan University.
EBM Center of Lanzhou University.
Health Policy and Technology Assessment Research Office of National Health Development Research Center of China.
Shanghai HTA Research Center.

HTA, health technology assessment.

Table 2. HTA applications in China since 2015
Year
2017

2017
2017
2018

Published by

Policy practices

HTA applications

Ministry of Human Resources and Social Adjustment on the directory of medical C o m p a r e s i m i l a r m e d i c i n e s f o l l o w i n g
the principle of pharmacoeconomics and
Security of the People's Republic of China. insurance medicines in 2017.
preferentially select medicines whose clinical
necessity, safety and effectiveness as well as
reasonable pricing are fully proved.
Ministry of Human Resources and Social Negotiation on the pricing of 44 original HTA was determined as optional submission
material for the first time.
Security of the People's Republic of China. medicines.
National Health Commission of the People's Negotiation on the pricing of 4 high-value Submit HTA evaluation materials.
consumables.
Republic of China.
National Medical Insurance Administration. Negotiation on the pricing of 17 anti- HTA was determined as optional submission
cancer medicines to be incorporated in the material.
scope of medical insurance.

HTA, health technology assessment.
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Table 3. Establishment of HTA institutions in China since
2016
Year

Place

2016

Beijing

2017
2017
2017

Wuhan
Chengdu
Beijing

2018

Beijing

Name
China Health Policy and Technology Assessment
Research Network.
Hubei HTA Research Center.
IDEAL China Center.
Health Policy and Technology Assessment Center
in Peking University Health Science Center.
National Integrated Assessment Center on
Medicines and Health Technologies.

HTA, health technology assessment.

Figure 1. Negotiations on the pricing of 44 medicines by the
Ministry of Human Resources and Social Security of the
People's Republic of China in 2017.

Network was established under the guidance of the
Health Development Research Center of the National
Health of Family Planning Commission of the People's
Republic of China. In total, 37 relevant institutions
applied to join; in 2017, the HTA research center was
established in Hubei Province and Peking University;
in 2018, the National Integrated Assessment Center on
Medicines and Health Technologies was established
under the approval of the National Health Commission
of the People's Republic of China, which marked the
formal establishment of the state-level HTA center in
China (20) (Table 3).
At this stage, HTA was also gradually clarified in
policy and legal documents. In 2016, the five ministries
and commissions (including the National Health and
Family Planning Commission and the Ministry of
Science and Technology) jointly issued the Guiding
Opinions on Comprehensively Promoting Healthrelated Science and Technology Innovations and the
Guiding Opinions on Strengthening the Transfer
and Transformation of Health-related Science and
Technology Achievements. It was stated that "we should
establish an HTA system, formulate the opinions on
the implementation of HTA, develop evidence-based
medicine, and strengthen health technology assessment"
(21). The Basic Law of Medical Health, which was
drawn up in 2017, has HTA incorporated into the scope
of the draft legislation. In the Guiding Opinions on
the Reform and Improvement of the Comprehensive

Supervision System of the Medical and Health Industry
promulgated by the State Council in 2018, it is proposed
that full play be given to the decision-making support
role of HTA in clinical admission, standardized
application, disuse and elimination of medical
technologies, drugs and medical devices (22). The reform
plan of the National Medical Security Administration
newly established in 2018 proposes to carry out and
organize the economic evaluation on health. In addition,
the guidance opinions on promoting the HTA work
organized by the Department of Science and Education
of the National Health of the People's Republic of China,
is under formulation and involves establishing and
perfecting the HTA organization and team, establishing
a topic selection mechanism and assessment process,
methodology and evaluation results as a releasing
mechanism for HTA, and promoting the transformation
and application of HTA achievements.
3. Problems remaining from the development of
HTA in China and corresponding development
recommendations
The key driving factors of HTA in China have
transformed from admission management to payment
and pricing of health technologies followed by the
gradual transformation of HTA research to decisionmaking applications; from safety and effectiveness to
cost-effectiveness and budget impact analysis and from
the institutional individual development to national
system construction, the development characteristics
of HTA in China have undergone great changes.
Although HTA in China has made progresses in many
aspects since 2015, it still faces some key problems and
challenges that have not been solved to date (Figure 2).
3.1. Under unbalanced development, HTA in China is
in urgent need of system construction
The provinces, municipalities directly under the central
government and autonomous regions in China are
responsible for setting the prices of medical services
and the formulation of a medical insurance directory.
However, the development of HTA in different regions
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Figure 2. Problems existing in the development of HTA in China and corresponding countermeasures.

is significantly unbalanced. Existing HTA institutions
are mainly concentrated in economically developed
regions, and there is a large gap between central and
western regions in the development and application of
HTA concepts (23). HTA at the hospital level is mainly
implemented in such developed regions as Shanghai
and Beijing and is still in the preliminary exploration
stage (24-26). Therefore, it is not mature to construct
a national, provincial and hospital HTA system in the
short term. At the current stage, it is suggested to fully
integrate existing resources, such as enterprises, public
hospitals, research institutions and universities, to guide
all parties in understanding and applying HTA and
form a good HTA development environment. Thus, a
national HTA development system based on regional
HTA centers should be gradually established to form a
development system featured by the linkage of HTA in
national centers, regional centers and hospitals and the
sharing of resources among all stakeholders, including
medical security bureaus and health commissions.
3.2. Imperfect HTA application mechanism entails the
development of Chinese HTA processes and methods
Currently, the imperfection of the HTA application
mechanism is mainly reflected in the lack of norms
for HTA evidence submission in price negotiation and
medical insurance payments (27), such as a lack of
clear definitions and evaluation standards for HTA data
submitted by enterprises. The state has not promulgated
HTA processes and norms for reference in China, and
there are few domestic studies on this aspect (28).
Existing HTA centers in China are less experienced
in the establishment of process systems and expert
evaluation mechanisms for topic selection, assessment
and evaluation, and the research quality of the evaluation
of health economics is relatively low (29). It is suggested
that China accelerated the construction of the HTA
evaluation process and method guidelines, including two

dimensions, namely, hospital HTA to form a referable
practice mode, improve the transparency and objectivity
of HTA, and ensure the quality of HTA research.
3.3. Lack of an HTA data support system entails
strengthening the construction of data collection and
sharing mechanisms for HTA in China
Presently, it is difficult to obtain and share real world
data between public hospitals in China (30). Research
on the life quality of people suffering diseases in China,
especially the health utility values of various disease
states, are currently an urgent need. Localized utility
measurement tools and transformation need to be
developed, and there are few studies on the threshold
setting based on different populations in different
regions of China (31). Improvement of the localization
of life quality tools and utility transformation tools in
China strengthening the construction of data opening
and the sharing mechanism in different regions and
public hospitals, building an HTA sharing database, and
forming a timely and high-quality data guarantee system
is recommended.
3.4. Lack of HTA research and decision-making practice
transformation channels entails the enhancement of
policy integration
HTA research in China has not become a necessary
part of policy making to date; for example, it is
still uncommon to see the application of HTA in
decision making regarding medicines and other health
technologies (32). The policy transformation capability
of HTA research is relatively weak with only 30-40% of
HTA research published in journal articles and submitted
to relevant policy makers, and the government also
has limited access to HTA evidence (33). Reliance on
national and provincial HTA platforms to strengthen
topic selection, focus on the key demands of price and
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payment, conduct HTA based on problem-oriented
entrustment, improve decision-making transformation
and application and implementation of monitoring and
assessment is recommended.

6.

7.

4. Conclusion
The driving factors for the development of HTA in
China have undergone important changes, which
makes the dominant development mode of HTA in
China transform from technology admission to medical
insurance payment and pricing. The transformation
of admission, payment and pricing policies regarding
new health technologies is an important driving factor
for HTA reform in China. HTA in China is moving
toward policy application under many challenges, such
as the HTA development system, HTA process and
methodology, data and standard development, and policy
transformation channel, which are all core issues in the
development solution for HTA in China. On the basis
of China's practical environment, HTA in China needs
to establish an integrated development strategy, collect
resources from public hospitals, enterprises, universities
and research institutions, and establish a decision-making
mechanism and environment based on HTA and thus
promote and develop HTA in China.
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Summary

Acute upper respiratory tract infections (AURTIs) are common and self-limited in people
with normal immunity but sometimes lead to poor clinical outcomes under specific conditions
such as pregnancy if not treated appropriately. Chinese herbal medicines (CHM), which are
widely used to treat AURTIs, have proven to be effective in preclinical and clinical studies.
This review focuses on the bioactivities of typical CHM and the adverse reactions they cause,
and especially issues with reproductive safety when treating AURTIs. The main mechanisms
for clinical efficacy may include anti-viral, anti-bacterial, anti-inflammatory, antipyretic, and
immunomodulatory action as indicated by preclinical evidence. Most clinical trials indicate
that CHM shortens the natural course of AURTIs and that it relieves related symptoms
such as a fever, headaches, coughing, myalgia, a cold, sore throat, and a nasal obstruction.
However, some CHM have a range of adverse effects and potentially affect reproduction from
endocrinal secretion to embryo development while others do not. Therefore, clinical adverse
reactions and preclinical studies on the toxicity of CHM are discussed. More reliable evidence
is required to conclude that CHM are efficacious and safe for pregnant women with AURTIs.
This review should help to promote advances in the research on and development of CHM
as alternative treatments for AURTIs and offer insight into strategies to manage the safety of
CHM during clinical use.
Keywords: Chinese herbal medicine, acute upper respiratory tract infections, efficacy,
reproductive safety, mechanism

1. Introduction
Acute upper respiratory tract infections (AURTIs)
refer to infections that involve tonsillitis, pharyngitis,
laryngitis, sinusitis, otitis media, and the common
cold. Viruses are the pathogens that most often
cause AURTIs, while bacteria, fungi, and helminths
are far less common. Human rhinoviruses are the
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most prominent causes (1), but other viruses such as
adenovirus and influenza virus and bacteria have also
been implicated. Symptoms manifest as sneezing,
nasal congestion, a sore throat, coughing, a fever, and
headaches, with varying degrees of severity. Most
AURTIs are mild and self-limited. Occasionally,
they can lead to poor clinical outcomes, and their
complications may threaten the health of the infected.
Severe consequences tend to occur in people with a
specific level of immunity, such as pregnancy.
Pregnant women with AURTIs usually face more
problems such as a higher risk of severe clinical
outcomes and more limitations on medication they can
take. Western medicines are commonly used to treat
pregnant women with AURTIs, but there are questions
about their safety due to adverse reactions. Ibuprofen
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is a popular fever and pain reliever but contraindicated
in pregnant women (2). Potential fetal defects
prevent doctors from prescribing dextromethorphan,
an antitussive component added to common cold
medications, to pregnant women. Perceiving Chinese
herbal medicines (CHM) to be less toxic, pregnant
women in China tend to choose CHM when given
the choice between Western medicine and CHM.
According to China: 2015 Expert consensus on the
standardization of common cold medicines for special
populations, CHM are largely marketed as over-thecounter medicines (2). Having analyzed a total of 33
Chinese patent medicines (CPMs) listed in the 2012
China National Essential Drug List for the treatment
of the common cold, Chen et al. concluded that CPMs
had a potential positive effect on the cure rate of
the common cold (3). Numerous clinical trials have
indicated that CHM are efficacious in treating AURTIs,
but their mechanisms of action and the adverse
reactions they cause remain unclear. Greater efficacy
and unknown toxicity underscore the significance of
proper use of CHM in light of special situations such as
pregnancy.
This review describes well-known herbs and
traditional Chinese herbal preparations, it explains
their main role in treating AURTIs, and it summarizes
advances in the study of their efficacy and safety, and
especially in terms of reproductive safety.
2. Mechanisms by which CHM treat AURTIs
2.1. Anti-viral action
The viral replication cycle includes attachment,
penetration, transcription, protein synthesis, assembly,
and release (4). These steps provide strategies to screen
for CHM that prevent or control infections of the
respiratory tract with viruses (Table 1). As an example,
researchers searching for influenza neuraminidase (NA)
inhibitors found that Forsythiae Fructus, Lonicera
japonica, and Scutellaria baicalensis displayed
exceptional performance (5,6). Radix Isatidis inhibits
the hemagglutinin (HA) of the influenza virus in the
early stages (7) and then retains the influenza viral
ribonucleoprotein (vRNP) complex in the nucleus (8),
thereby blocking viral replication.
2.2. Anti-bacterial action
CHM tends to act to prevent bacterial growth or to
reduce the possibility of sepsis. The mechanisms
are complicated and unclear but probably relate
to microbial enzymes or other interactions that
inactivate microbial adhesins. As an example, phenolic
compounds of Lonicera japonica have bacteriostatic
activity (9) that affects a broad spectrum of bacteria,
including Bacillus cereus and Staphylococcus aureus
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(10), by damaging the cytoplasmic membrane.
2.3. Anti-inflammatory action
Symptoms of AURTIs are associated with viral
replication and the related cytokine cascade response.
In addition to direct antiviral action, CHMs often target
multiple components of the inflammatory response to
decrease production of pro-inflammatory mediators and
recruitment of leukocytes. Lonicera japonica attenuates
the expression of TNF-a, IL-6, and iNOS via downregulation of nuclear factor-κB (NF‐κB) pathways,
and it enhances the expression of IL-10 by increasing
Sp1 phosphorylation (11). Forsythiae Fructus
suppresses the activation of mitogen-activated protein
kinase (MAPK) and NF-κB pathways to decrease the
production of TNF-a, IL-1β, IL-6, and myeloperoxidase
(MPO) (12). Flos Lonicera, Forsythia Fructus, and
Radix Platycodon combinations have synergistic antiinflammatory action by alleviating pathological changes
in the respiratory system and by reducing inflammatory
cytokines in bronchoalveolar lavage fluid (BALF) (13).
2.4. Antipyretic action
A fever, a common feature of infectious diseases,
serves as a defense response to pathogens as well
as injuries to vital organs. The mechanism of fever
onset is acknowledged to be sequential production of
complement and prostaglandin E2 (PGE 2), followed
by the subsequent transfer of pyrogenic cytokines
peripherally and centrally (14). The efficacy of volatile
oils, crucial to the treatment of fever with Radix
Bupleuri, has been verified in a rat model of fever.
This action might be associated with declining cAMP
in the hypothalamus and arginine vasopressin (AVP)
in the ventral septal area (15). Interestingly, another
well-known antipyretic herb, Folium Mori, has potent
synergistic action by relieving fever and inflammation
when combined with Flos Chrysanthemi in a proportion
of only 1:1 (16).
2.5. Immunomodulatory action
Host innate and adaptive immune responses to
pathogens play a role throughout the course of
AURTIs. Overreaction of the host immune response
may also lead to tissue damage and multi-organ
injuries, which in turn may cause related diseases (4).
CHM are able to optimize host-pathogen immune
responses of patients with AURTIs. As an example,
the supplement of Bu-Zhong-Yi-Qi-Tang (BZYQT)
after intranasal vaccination against influenza increases
the virus-specific IgA and IgG antibody titers in the
nasal cavity and sera by enhancing upper respiratory
mucosal and systemic immunity (17). Interferon-a
(IFN-α) increases in the BALF of mice. The stimulation
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chlorogenic acid and
phenolic acids

Scutellaria
baicalensis

Lonicera
japonica

Budding inhibitors
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RAW264.7 murine
macrophage cell line

Male BALB/c mice,
RAW264.7 murine
macrophage cell line

Phillyrin

Saikosaponin a and d

Radix
Bupleuri

Phenolic compounds
(3,5-bis-O-caffeoyl
quinic acid)

Lonicera
japonica

Escherichia coli

MDCK cells

MDCK cells, Human
blood macrophages,
BALB/c mice

Forsythia
suspense

Syringic acids, salicylic
acid, and benzoic acid

Radix Isatidis

Forsythoside A

MDCK and NCL-H292
cells, BALB/c mice

MDCK cells, ICR
female mice

MTT assay, Nitrite assay, western blot,
RT-PCR, ELISA, Immunoblotting

MTT assay, western blot, RT-PCR,
Nitrite assay, BCA protein assay,
ELISA, fluorescence microscopy

MS analysis, chromatographic analysis,
disk agar diffusion assay

Microcalorimetry and molecular structure
analysis

UPLC-Q-TOF-MS/MS, HPLC-MSn,
NA assay, fluorometric assay

Plaque inhibition assay, fingerprint analysis,
NA enzymatic activity, MTT assay, RT-PCR,
molecular docking

HPLC, ICC, western blot, transmission
electron microscopy

Immunoblotting, RT-PCR, glutathione assay,
immune-fluorescence

Virus growth assay, RT-PCR, MTT assay,
protein synthesis assay

Virus growth assay, vital fluorescence
staining, MTT assay

MTT assay, plaque assay, TCID50, IC50,
fluorescence microscopy, virus resistance assay

NR uptake assay, plaque reduction assay,
MTT assay, IC50, HAI assay

Methods

Potent anti-inflammatory activity through
inhibitory effects on NF-κB activation and
thereby on iNOS, COX-2 and pro-inflammatory
cytokines (79)

Anti-inflammatory action by suppressing
LPS-induced activation of JAK-STATs and p38
MAPKs signaling pathways and production of
ROS in macrophage cells (78)

Counters S. aureus and E. coli related to iron
deprivation or hydrogen binding to vital
proteins (9)

Syringic acid - potent antibacterial effect due
to the different phenyl ring (77)

NA inhibitory activity (5)

NA specific inhibitor (6)

Suppresses the expression of M1 protein
of influenza A (76)

Retains vRNPs of influenza A in cell nuclei
and reduces expression of late viral proteins
related to the inhibition of protein kinase C
activity (75)

Inhibits viral protein synthesis at the
post-transcriptional level (74)

Inhibitory effect on the acidification of
endosomes and lysosomes, interferes with
viral uncoating (73)

Targets influenza A endocytosis,
uncoating, etc. (8)

Directly interferes with HA of influenza A
binding to RBC surface receptors (72)

Mechanism of action

Abbreviations: HA: hemagglutination; HAI: hemagglutination inhibition, TCID50: 50% tissue culture infective dose; NR: neutral red; NA: neuraminidase; MTT: 3-(4,5-dimethylthiazol-2-Yl)-2,5-diphenyltetrazolium
bromide; IC50: median inhibitory concentration; MS: mass spectrometry; HPLC: high-performance liquid chromatography ; GC: gas chromatography; EMSA: electrophoretic mobility shift assay; BCA: bicinchoninic acid;
cAMP: cyclic adenosine monophosphate; AVP: arginine vasopressin; vRNPs: viral ribonucleoproteins; LPS: lipopolysaccharide; RANTES: regulated upon activation, normal T cell expressed and secreted ; HUVEC: human
umbilical vein endothelial cell; ELISA: enzyme-linked immunospot assay; RT-PCR: real time-PCR; ICC: immunocytochemistry; MDCK cells: monolayers of dog kidney cells; MIP-1: macrophage inflammatory protein1;ROS: reactive oxygen species; iNOS: inducible nitric oxide synthase; COX-2: cyclooxygenase-2; MAPK: mitogen-activated protein kinases; PI3K: phosphatidylinositol 3 kinase: JAK: Janus kinases; STATs: signal
transducer and activator of transcription proteins; S. aureus: Staphylococcus aureus; E. coli: Escherichia coli.

Anti-inflammatory

Anti-bacterial

Baicalein, baicalin,
chrysin and apigenin

Forsythia
suspense

Assembly inhibitors

Resveratrol

Rhizoma
Polygoni
Cuspidati

Biological synthesis &
assembly inhibitors

Trans-cinnamaldehyde

MDCK cells

Tannin

Ephedrae
herba

Cinnamomi
cortex

MDCK, HEp-2,
LLC-MK2, VERO-E6
and MRC-5 cells

MDCK cells,
BALB/c mice

Materials

Clemastanin B

14-a-lipoyl
andrographolide

Components

Radix Isatidis

Andrographis
paniculata

Name

Biological synthesis
inhibitors

Viral entry/uncoating
inhibitors

Anti-viral
Viral attachment
inhibitors

Pharmacological effect

Table 1. The methodologies and findings of studies on CHM for treatment of AURTIs
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Abbreviations: HA: hemagglutination; HAI: hemagglutination inhibition, TCID50: 50% tissue culture infective dose; NR: neutral red; NA: neuraminidase; MTT: 3-(4,5-dimethylthiazol-2-Yl)-2,5-diphenyltetrazolium
bromide; IC50: median inhibitory concentration; MS: mass spectrometry; HPLC: high-performance liquid chromatography ; GC: gas chromatography; EMSA: electrophoretic mobility shift assay; BCA: bicinchoninic acid;
cAMP: cyclic adenosine monophosphate; AVP: arginine vasopressin; vRNPs: viral ribonucleoproteins; LPS: lipopolysaccharide; RANTES: regulated upon activation, normal T cell expressed and secreted ; HUVEC: human
umbilical vein endothelial cell; ELISA: enzyme-linked immunospot assay; RT-PCR: real time-PCR; ICC: immunocytochemistry; MDCK cells: monolayers of dog kidney cells; MIP-1: macrophage inflammatory protein1;ROS: reactive oxygen species; iNOS: inducible nitric oxide synthase; COX-2: cyclooxygenase-2; MAPK: mitogen-activated protein kinases; PI3K: phosphatidylinositol 3 kinase: JAK: Janus kinases; STATs: signal
transducer and activator of transcription proteins; S. aureus: Staphylococcus aureus; E. coli: Escherichia coli.

Enhances innate immune responses through
activation of TLR-4 on the cell membrane of
dendritic cells and macrophages secreting IL-ß,
MIP-1, and RANTES (81)
BCA protein assay, FT-IR, 1H and
13
C NMR spectroscopy, ELISA
Human PBMCs

Houttuynia
cordata

Polysaccharides

Modulates innate and adaptive immune responses
by regulating macrophage phenotypic polarization
and antigen-specific antibody production via
MAPK and PI3K signaling pathways (80)
MTT assay, ELISA, western blot,
flow cytometry, RT-PCR
Primary mouse peritoneal
macrophages from C57BL/6
mice, female BALB/c mice
Andrographolide
Immunomodulatory

Andrographis
paniculata

Adjusts synthesis and exudation of cAMP from
the hypothalamus and AVP in the ventral septal
area (15)
Rectal temperature assay, ELISA
Male Wistar rats
Water extract, volatile
oil, saponin
Radix
Bupleuri
Anti-pyretic

Materials
Components
Name
Pharmacological effect

Table 1. The methodologies and findings of studies on CHM for treatment of AURTIs (continued)

Methods

Mechanism of action
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of both IFN-α production and antibody responses are
possible explanations for the effect of BZYQT on "cold
syndrome" (17).
3. CHM in the treatment of AURTIs
3.1. Single herbs
Frequently, the CHM that combat AURTIs are
formulations rather than a single medicine, except for
a few medicines such as Andrographis paniculate.
According to a general search of a Chinese database,
Flos Lonicerae Japonicae, Scutellaria baicalensis,
Houttuynia cordata, Flos Chrysanthemi, Patrinia
Herbae, Forsythia suspense, Radix Isatidis, Radix
Bupleuri, Ephedra Herbae, Radix Glycyrrhizae,
Ziziphus jujube, Rhizoma Polygoni Cuspidati, Folium
Mori, Radix Platycodon, and Radix Puerariae are
usually included in those formulations. A brief outline
of the active component, pharmacological effect, and
toxicity of the most commonly used single herbs is
shown in Table 2
3.2. CHM preparations
Single Chinese herbs have proven ability to combat
AURTIs. The synergistic effect of different individual
herbs in traditional herbal formulations further
enhances bioavailability and counteracts drug toxicity
when combined with "monarch," "minister," "assistant,"
and "guide" components. Today, traditional herbal
formulations are transformed into Chinese medicines
through use of modern advanced pharmaceutical
technology. This review provides evidence of the
efficacy and safety of typical preparations in managing
AURTIs (Table 3).
3.2.1. Ge-gen-tang
Ge-gen-tang (GGT) is a CHM formulation consisting
of Puerariae Radix (Ge-gen), Ephedrae Herba (Mahuang), Cinnamomi Ramulus (Gui-zhi), Paeoniae
Radix (Bai-shao), Glycyrrhizae Radix et Rhizoma
preparata (Zhi-gan-cao), Zingiberis Rhizoma Recens
(Sheng-jiang), and Jujubae Fructus (Da-zao) (18). GGT
is of a great value in treating the common cold, fever,
influenza, and even diarrhea in eastern Asia.
3.2.1.1. Clinical findings
A multicenter double-blind, parallel group, randomized
controlled trial (RCT) of 240 patients with a cold in
mainland China indicated that the GGT mixture is safe
and efficacious (19). However, a study in Japan found
that it did not significantly prevent the progression of
cold symptoms (20). A point worth noting is that a study
in Taiwan found that women who take GGT for relief
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Anti-viral, anti-bacterial, anti-inflammatory,
anti-pyretic, and antitussive action

Anti-viral, anti-bacterial, anti-inflammatory,
anti-oxidative, cardioprotective, and
estrogenic action

Ma-huang-tang, Ma-xing-shi-gan-tang,
Xiao-qing-long-tang

Shu-feng-jie-du Capsules, Re-yan-ning
Granules

Flavonoids (baicalin, wogonin, wogonoside,
baicalein and oroxylin A), etc.

Flavonoids (quercitrin, hyperoside and
afzelin), alkaloids, volatile oils, organic acids
(chlorogenic acid), etc.

Lignans (phillyrin), phenylethanoid glycosides
(forsythiaside), flavonoids (rutin, quercetin and
forsythoneoside), etc.

Alkaloids (ephedrine), tannin, flavanols,
flavones, carboxylic acids, volatile terpenes,
etc.

Quinones (emodin), stilbenes (resveratrol and
polydatin), flavonoids (rutin and quercetin),
etc.

Radix Scutellariae (84)

Houttuynia cordata (85)

Forsythia suspense (12)

Herba Ephedra (86)

Rhizoma Polygoni
Cuspidati (87)

Yin-qiao-san, Lian-qiao Drink, Ling-qiaojie-du Pillule, Shuang-huang-lian Oral
Liquid, Vitamin C Yin-qiao Tablets

Yu Jin Injection, Compound Houttuynia
cordata Granules
Anti-viral, anti-bacterial, anti-inflammatory,
anti-oxidative, and anti-allergy action

Anti-viral, anti-bacterial, anti-inflammatory,
anti-pyretic, anti-allergy, anti-oxidative, and
immunomodulatory action

Anti-viral, anti-allergy, anti-inflammatory,
anti-oxidative, and immunomodulatory action

Anti-viral, anti-bacterial, anti-inflammatory,
and immunomodulatory action

Kan Jang, KalmCold, Andrographis
paniculata Tablet, Andrographolide
sodium bisulfite Injection

Diterpenoids (deoxyandrographolide,
andrographolide and neoandrographolide),
flavonoids, xanthones, etc.

Andrographis
paniculate (83)

Shuang-huang-lian Oral Liquid,
Compound Houttuynia cordata Granules,
Compound Honeysuckle Granules

Anti-viral, anti-bacterial, anti-inflammatory,
anti-pyretic, and anti-oxidative action

Mechanism of action

Shuang-huang-lian Oral Liquid, Yinhuang Granules, Yin-qiao-san, Xiao-yinpian, Qin-re-jie-du Oral Liquid

Preparation

Organic acids (chlorogenic acid and caffeic
acid), flavones (luteolin and hyperoside),
essential oils, saponins, etc.

Active component

Lonicera japonica (82)

Single herb

Table 2. The various active components, preparations, mechanism, and toxicity of single Chinese herbs to treat AURTIs

Contraindicated for pregnant women; Lack of
relative systematic toxicity and safety evaluation
but few evaluations of adverse reactions (no
systemic anaphylaxis or passive skin allergy (5.6
mg/kg) in rabbits)

Activation of sympathetic and central nervous
systems (insomnia, palpitation, rapid pulse,
elevation of blood pressure, and dysuria) and
hepatotoxicity

Forsythiaside is cytotoxic and has acute toxicity in
mice

Not toxic in vitro or in vivo

Not toxic to normal cells in animals and humans
but toxic to malignant cells

Possible contraceptive action but still controversial;
oral acute toxicity:> 17 g/kg, LD50;
testicular toxicity:> 1 g/kg, LD50;
genotoxicity:5 g/kg, LD50

Contraceptive action in mice, dogs and monkeys;
No oral acute and subacute toxicities in rats

Toxicity
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Oseltamivir

Oseltamivir

Oseltamivir

Placebo

Qing-re-ling
Granules

Re-du-ning
Injection (49)

Lian-hua-qing-wen
Capsules (45)

Ban-lan-gen
Granules +
oseltamivir (7)

Andrographis
paniculata
(KalmCold) (89)

Zheng-chai-hu
Granules (90)

115

112

128

122

24

120

55

T

115

110

107

122

22

120

45

C

Sample Size
C
Pregnancy flu
Gestational week: < 28 w
Age: 25.22 ± 3.88 y

Patients characteristics

Exogenous fever
("wind-cold syndrome")
M/F: 83/32
M/F: 8/27
Age: 35 ± 9 y
Age: 32 ± 8 y

Uncomplicated URTIs
M/F: 5/37;
M/F: 68/42
Age: 34.36 ± 0.97 y
Age: 32.42 ± 1.1 y

Influenza A (H1N1)
M/F: 91/37
M/F: 78/29
Age: 18-45 y
Age: 16-52 y

AURTIs
("wind-cold syndrome")
M/F: 64/58
M/F: 63/59
Age: 21.5 ± 5.9 y
Age: 21.4 ± 3.9 y

Pandemic influenza
M/F: 12/12
M/F: 7/15
Age: 37.9 ± 13.9 y
Age: 38.4 ± 14.5 y

AURTIs
("wind-heat syndrome")
M/F: 45/75
M/F: 44/76
Age:34.83 ± 10.95 y
Age:34.60 ± 11.40 y

T

Cure rate, symptoms scores, total
effective rate

Severity of 9 symptoms of common
cold and overall symptoms (VAS,0 ±
100)

The temperature period, clinical
symptoms, blood routine, viral test and
length of stay

The median duration of viral shedding,
symptom scores, individual symptom
alleviation time, the duration of illness,
the defervescence time

The median fever alleviation time,
clearance time and total scores of
influenza symptoms

Total scores of diseases, antifebrile
effective rate, TCM symptom scores
before and after treatment, cure rate,
total effective rate, laboratory indexes

Duration of fever, symptom alleviation
time, threatened abortion rate, maternal
delivery, fetal development

Evaluation index
Outcome

Zheng Chai-hu group has better
improvement of chief symptoms (fever,
cough, sore throat etc.) than Qing-reling group.

KalmCold™ treatment significantly
decreases all symptom scores except for
earache whereas in the placebo group
the symptoms are either unchanged or
exacerbated after day 3.

Oseltamivir phosphate combined with
Ban-lan-gen granules performs better
than oseltamivir phosphate alone in the
treatment of influenza A (H1N1).

Compared to oseltamivir, LHQWC has
a similar therapeutic effectiveness in
terms of reducing the duration of illness
and the duration of viral shedding.

RDN Injections have a similar effect to
oseltamivir in reducing the duration of
influenza illness.

SFJDC is efficacious in treating
AURTIs with "wind-heat syndrome."

MXSGT helps reduce the duration
of fever, alleviate the duration of
symptoms, and reduce the duration
of hospitalization with no adverse
reactions in pregnant women.

Abbreviations: AURTIs: acute upper respiratory tract infections; TCM: traditional Chinese medicine; T: Treatment group, C: Control group; M/F: male/female.

Placebo

Shu-feng-jie-du
Capsules (88)

C

symptomatic
treatments

Group

MXSGT+
symptomatic
treatments (34)

T

Table 3. The use of CHM in AURTIs on the basis of clinical findings

None

Diarrhea (3),
vomiting (1),
epistaxis (1),
urticaria (1)

Nausea and
vomiting (2),
diarrhea (1),
dizziness (1),
rash (1)

No

Transfusion
reaction (1),
blood
leukocyte (1)

None

None

None

Diarrhea (1),
vomiting (1),
moderate
rigor (1)

Nausea and
vomiting (2),
diarrhea (2),
headache (1),
rash (1)

Nausea and
vomiting (4)

Blood
leukocyte (1)

None

None

C

Adverse events
T
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of respiratory discomfort are unexpectedly exposed
to phytoestrogen generated by Ge gen (21). Nearly
5% of female users of Chinese medicines consumed
cumulative doses of Ge gen above 60 g (21). Since little
is known about the action of phytoestrogenic herbs in
female patients, physicians need to be aware of threats
to the female endocrine system when prescribing such
herbs.

pathway in alveolar macrophages. Together, the
reduction in neutrophil infiltration and excessive
levels of inflammatory mediators alleviate pulmonary
cellular injury (29). Screening of SHL in vitro revealed
that chlorogenic acid is the main bioactive ingredient
that specifically binds to β2-adrenoceptor (30),
which participates in smooth muscle relaxation and
bronchodilation.

3.2.1.2. Mechanism of action

3.2.3. Ma-xing-shi-gan-tang

GGT stimulates the airway epithelium to secrete IFN-β
to counteract a viral infection before and after that
infection, but it is more effective before infection (22). It
disrupts influenza virus replication by directly blocking
the virus-induced phosphatidylinositol 3-kinase (PI3K)/
Akt signaling pathway, which in turn causes retention of
vRNPs in the nucleus (23). Promotion of the phagocytic
activity of macrophages and an increase in the level of
IL-12 in BALF contribute to a reduction in the virus
yields as well (24).

Ma-xing-shi-gan-tang (MXSGT) is a decoction
consisting of Herba Ephedra (Ma-huang), Semen
Armeniacae Amarum (Ku-xin-ren), Radix Glycyrrhizae
(Gan-cao), and Gypsum Fibrosum (Shi-gao). Although
MXSGT and Ma-huang-tang (MHT) differ in only one
herb, both are conventional formulations for sweating,
asthma, and febrile diseases such as influenza-like
illness (31,32). The corresponding "syndromes"
(exogenous diseases) they treat according to traditional
Chinese medicine (TCM) differ substantially.

3.2.2. Shuang-huang-lian

3.2.3.1. Clinical findings

The Shuang-huang-lian (SHL) formulation, which
consists of Lonicera japonica (Jin-yin-hua), Scutellaria
baicalensis (Huang-qin), and Forsythia suspense (Lianqiao), generally has a satisfactory curative effect on
AURTIs (25) and influenza (26) according to a large
amount of laboratory and clinical data.

A systematic review that evaluated the SHL injection
(SHLI) in treating AURTIs concluded that it had
potentially reduced the course of disease and relieved
some cold symptoms like a fever and coughing (25).
However, the poor methodology of the reviewed studies
and poor reporting preclude reaching any definite
conclusions on its clinical effectiveness. In another
systematic review in 2016 that involved 21 studies
(2,914 participants), meta-analysis revealed that SHLI
was more efficacious at treating AURTIs than Western
medicines (27).

In an RCT involving 410 patients in 11 hospitals in 4
provinces of China, oseltamivir and MXSGT - Yinqiao-san (MXSGT-YQS), alone and in combination,
reduced the duration of fever and effectively lowered
severity scores for other symptoms in patients with an
H1N1 influenza infection (33). Another RCT involving
100 patients was conducted to observe the effect of
MXSGT in treating influenza during pregnancy (34).
The control group (n = 55) received symptomatic
treatment and/or intravenous penicillin (8 × 106 U) for 3
days if infected. The treatment group (n = 45) received
MXSGT in addition to the same treatment as that of
the control group. Flu therapy was more efficacious
when combined with MXSGT, and the treatment group
also had a lower threatened abortion rate than that of
the control group. Follow-up of the treatment group
revealed no adverse pregnancy outcomes while results
for the control group were lost. Although there were
significant differences between the two groups, this
RCT did not constitute sufficient evidence.

3.2.2.2. Mechanism of action

3.2.3.2. Mechanism of action

SHL is reported as an effective agent against
adenovirus and influenza virus (26). Human adenovirus
III (HAdV3), a common pathogen causing AURTIs,
is inhibited by SHL in a dose- and time-dependent
manner, from viral attachment and internalization to
replication, and is accompanied by a high level of
IFN-α expression (28). In addition, SHL effectively
attenuates lipopolysaccharide (LPS)-induced secretion
of proinflammatory cytokines and oxidative stress
by suppressing the p38- and ERK1/2-mediated AP-1

MXSGT acts in several ways against human influenza
A viruses in vitro by: 1) reducing viral uptake through
damage of the viral ultrastructure; 2) inhibiting viral
entry by inactivation of the PI3K/Akt signaling
pathway; and 3) impairing the synthesis of both viral
RNA and protein (35). Its extract relieves hyperthermic
syndrome in rats via the synergic effects of Gypsum
and Ephedra and through the modulation of PGE 2
synthesis in the hypothalamus-adrenal gland axis (36).
Early on, MXSGT has anti-inflammatory action by

3.2.2.1. Clinical findings
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inhibiting neutrophil infiltration into the airway. It
further attenuates lung microvascular hyperpermeability
and decreases the number of leukocytes adhering to
lung venules (37). Moreover, the antitussive action
of MXSGT is dose-dependent property; it suppresses
bronchial contractions induced by acetylcholine/
histamine (36).
3.2.4. Shu-feng-jie-du Capsules
Shu-feng-jie-du Capsules (SFJDC) have been
extensively used to treat AURTIs and acute lung injury
(ALI) for over 30 years in China. The capsules consist
of 8 herbs: Rhizoma Polygoni Cuspidati (Hu-zhang),
Fructus Forsythiae (Lian-qiao), Radix Isatidis (Banlan-gen), Radix Bupleuri (Chai-hu), Herba Patriniae
(Bai-jiang-cao), Herba Verbenae (Ma-bian-cao),
Rhizoma Phragmitis (Lu-gen), and Radix Glycyrrhizae
(Gan-cao) (38).
3.2.4.1. Clinical findings
A multicenter, open-label phase IV clinical trial on
SFJDC found that they were efficacious in treating
AURTIs ("wind-heat syndrome"), with 0.03% of
patients suffering an adverse drug reaction (ADR) (39).
After 3 days of treatment, the cure rate was 40.23%
and the total efficacy was 87.40%. The median time for
onset and duration of defervescence were 4.50 hours
and 20.00 hours, respectively (39). According to an
RCT, SFJDC alleviate acute suppurative tonsillitis, with
a shorter duration of fever and pharyngeal purulence,
greater shrinkage of the tonsils, and greater safety (40).
3.2.4.2. Mechanism of action
In vitro, SFJDC repress H1N1 (41), respiratory
syncytial virus (RSV), coxsackie virus B3 (CoxB3),
and herpes simplex virus 1 (HSV-1); SFJDC are
less potent than ribavirin but also less cytotoxic
(42). SFJDC are far more potent than Qing-kai-ling
granules but weaker than ceftriaxone sodium injection
in fighting 6 different bacteria (42). SFJDC protect
against ALI by suppressing the MAPK/NF-κB pathway
in vivo (43). Proteomic analysis of a rat model of
LPS-induced ALI revealed that the anti-inflammatory
and immunomodulatory actions of SFJDC are the
results of action on the core regulator protein AKT1
in five respects: 1) NF-κB/Nrf2 in the oxidative stress
response; 2) the MAPK (ERK1/2 and JNK) signaling
pathway; 3) p53/Bcl-2/Caspase in apoptosis; 4) AKT1/
SOCS1 in negative feedback to TLR4 signaling; 5) and
AKT/mTOR signaling (38).
3.2.5. Other preparations
A number of new compound preparations that are
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derived from traditional formulations have come onto
the market. Lian-hua-qing-wen Capsules (LHQWC) are
an example that was developed from two conventional
CHM formulae - MXSGT and YQS. LHQWC provide
broad-spectrum protection against influenza viruses by
restricting viral proliferation in the early stages, with
an IC50 ranging from 0.35 mg/mL to 2 mg/mL, and by
efficiently blocking the nuclear export of vRNP (44).
In addition, a virus-induced inflammatory reaction
is alleviated by suppression of the NF-kB signaling
pathway in a dose-dependent manner (44). In a doubleblind RCT involving 244 patients with influenza A,
LHQWC performed similar to oseltamivir in reducing
the duration of illness and viral shedding and in
relieving the severity of illness and symptoms including
fever, cough, sore throat, and fatigue (45).
Re-du-ning injection (RDNI) is another modern
patent CHM prepared with an extract purified from
Artemisia annua (Qing-hao), Gardenia jasminoides
Ellis (Zhi-zi), and Flos Lonicerae (Jin-yin-hua).
Previous studies indicated that RDNI inhibits
human rhinovirus in vitro in three ways: inactivating
the virus, interfering with viral proliferation, and
blocking the interaction of infected cells (46). In
addition to regulation of the host defense system (47),
it has antipyretic action by reducing cAMP in the
hypothalamus and MPO in the lungs of mice (48).
Moreover, it shortens the clinical course of influenza,
it alleviates fever, it reduces fever clearance time, and
it alleviates all influenza symptoms (49). An RDNI
infusion may be an effective alternative for treatment
of influenza in adults, possibly with fewer adverse
effects than oseltamivir (49). However, the clinical use
of RDNI needs to be monitored to preclude off-label
use, especially overdosing, improper dilution and overindication (50).
4. Adverse reactions and reproductive safety
4.1. General adverse reactions to CHM
The reasons why adverse reactions to CHM occur
vary from inherent herbal toxicity, excessive doses
of herbs, drug-herb interactions, anaphylaxis to coexisting diseases (51). Surprisingly, allergic reactions
(skin itch, dermatitis and anaphylactic shock) occur
in most cases of adverse reactions to CHM (52). ADR
reports that are related to CHM injections account for
> 50% of all ADR reports related to CHM, and the
percentage has been rising annually (53). Considerable
attention is paid to the hepatic damage caused by CHM,
but different organs may be affected (Tables 2 and
3). Some herbs may have no direct toxicity but cause
harmful drug interactions, which are mainly associated
with cytochrome P450(CYP)-linked drug metabolism.
If CHM are used with other drugs, their curative effect
might be hampered or their toxicity increased, or both.
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One herb can sometimes have multiple impacts in
terms of adverse reactions. As an example, oral intake
of andrographolide extracted from Andrographis
paniculata likely leads to reduced metabolic activity
of intestinal CYP3A4 (54) and induces nephrotoxicity
associated with activation of oxidative and endoplasmic
reticulum stress (55).
4.2. Reproductive safety of CHM
In addition to considering general adverse reactions,
more attention needs to be paid to the reproductive
safety of pregnant women. There is no doubt that
pregnancy is a dynamic process for both the mother
and fetus. This complicated situation requires the
consideration of the continued health of the mother,
embryo-fetal development, and prenatal growth during
different gestational stages. The placenta, a key avenue
for the maternal-fetal transfer of substances, has
alterations in transport proteins (56) and expression of
biotransformation enzymes (57). Consequently, drug
permeability, metabolism, and clearance differ from
the early to late period (58). As an example, chemicals
like chlorinated insecticides, probably used to farm
herbs, affect oxytocin, testosterone, oestradiol, and
prostaglandin secretion of ovarian and uterine cells,
interfering with fertilization as well as with myometrial
contractions (59). Accordingly, the reproductive organs
could be affected by contaminated CHM.
Temporal variations in pharmacokinetics (PK)
and pharmacodynamics (PD) during gestation are not
limited to the reproductive system. A previous study
found that gestation influences the systematic PK
profile of certain Chinese herbs such as Puerariae
Radix (puerarin), with different levels during different
stages in pregnant rats (60). Dynamic changes in CYPmediated drug metabolism in the body of pregnant
women have also been reported (61). Much more
should be known about the reproductive safety of CHM.
This can be achieved by monitoring the magnitude of
variations in physiologic and morphological parameters
of the reproductive system and all relevant changes
related to drug therapy during pregnancy that may
affect maternal-fetal health.
4.3. Status of research
In fact, most clinical studies of CHM preparations
for treatment of AURTIs exclude pregnant women,
who are not often exposed to the uncertain safety
risks of medicines in clinical trials in order to avoid
further complications. As a consequence, there is a
lack convincing clinical evidence of the reproductive
safety of many CHM preparations. There are only a few
studies of clinical outcomes of use of single herbs and
preparations by pregnant women (34) and studies of
reproductive toxicity (62).

As an example, no study has examined the
toxicity of a daily dose (6-15 g) of Forsythiae Fructus
thus far (Pharmacopoeia Commission of the PRC,
2015). Administration of forsythoside gelsiccation
powder to SD rats yielded negative results in terms
of teratogenicity (63). However, one of the active
constituents of Forsythiae Fructus, forsythiaside,
caused acute toxicity in mice (IC50 = 1.98 g/kg) (12).
The metabolic process of a single herb and be
determined and its target organ can be identified, but
studying adverse reactions to preparations is much more
difficult due to the multiple components and targets
involved. Preparations intensify or diminish the toxicity
of single herbs. According to a cytotoxicity assay,
SHL is slightly less toxic than a mixture of its active
ingredients - chlorogenic acid, baicalin, and forsythia
glycosides A (28).
Adverse reactions to SHL have often been studied.
Of the different dosage forms such as oral liquids,
granules, and injections, SHLI caused most cases
of adverse reactions (64). According to a systematic
review (64), ADRs caused by SHLI are mainly skin
allergic reactions and gastrointestinal reactions.
Involved systems or organs are, in decreasing order:
the skin, the digestive system, general reactions, the
respiratory system, and other systems or organs. In
addition, there is an increased risk of ADRs induced
by combining SHLI and other drugs, and especially
antibiotics. Nearly all cases of death were caused by
anaphylactic shock (65) induced by C5 activation and
the subsequent release of histamine, which is largely
due to chlorogenic acid (66).
In 2018, China's State Food and Drug
Administration announced the prohibition of the use
of SHLI by children under 4 years of age and pregnant
women, but instructions on other dosage forms still
indicate that use of SHLI by pregnant or nursing
women should be under a physician's direction. Clearly,
in-depth studies on the reproductive safety of SHL need
to continue in light of previous studies. In addition
to its indication for AURTIs, one herb in SHL, Radix
Scutellariae, is listed as an herb for prevention of
miscarriage. Baicalin, one of its active components, has
anti-abortifacient action (67), and it reverses trophoblast
apoptosis in the treatment of preeclampsia (68).
However, several individual cases of hepatotoxicity
after taking Radix Scutellariae have been reported (69).
Moreover, a study of SHL as a frozen powder provided
evidence that baicalein and baicalin exchange can
occur in the maternal-fetal interface but that it does not
affect the contractile activity of human uterine smooth
muscle strips in vitro (70). A later study indicated
weak toxicity to the maternal side of the placental
barrier with no toxicity to the fetal side in vitro (71).
Although the toxicological and protective roles of the
placental barrier with respect to drug detoxification and
transporter-controlled protection of the fetus have been
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intensively examined (57), little work has been done
to elucidate the detailed mechanism at the molecular
biological level.
5. Conclusion
There is no doubt that CHM play important roles
in treating AURTIs by controlling and preventing
those infections, limiting the economic burden in
comparison to oseltamivir, and benefiting patients
with poor tolerance to Western medicines in clinical
practice. More advanced technology and strategies
allow identification of active CHM and CHM-derived
compounds from a vast body of traditional CHM via
high-throughput screening, and they allow determination
of the mechanisms by which CHM treat AURTIs (4).
Nonetheless, some problems still limit the use of CHM
to treat AURTIs, such as inconsistent clinical efficacy
and the insufficient evaluation of safety.
Since there are still many herbs and preparations for
treatment of AURTIs with either contradictory results
or no systematic evaluation of efficacy and safety, and
especially reproductive safety, attention must be paid
to conducting more well-designed clinical trials and
studies to help avoid the misuse of CHM. Although
some single herbs or formulations are cited as suitable
for pregnant women, more reliable evidence combining
preclinical and clinical data should be obtained. Indepth research at the molecular level is needed to
reveal underlying pharmacological mechanisms of
efficacy and reproductive safety. Moreover, the range
of teratogenicity testing should be extended to fertility,
sexual maturity, and even organ changes in pregnancy.
Patients may have reduced tolerance and, therefore,
more toxicity studies should be conducted on both
normal and ill subjects. Given differences between
animals and humans, more clinical studies on the
safety of CHM during pregnancy are required before
CHM can ultimately be used clinically. These efforts
may help to formulate strategies to prevent ADRs by
adding antagonist drugs or by optimizing the dose, thus
minimize risk and maximizing benefit for the mother
and fetus in clinical settings.
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Summary

Single nucleotide polymorphisms (SNP) influence the outcome of antiviral therapy in
chronic hepatitis B patients. Interferon β promoter stimulator 1 polymorphisms (IPS-1)
regulate interferon (IFN) mediated viral clearance in hepatitis B virus (HBV) infection. In
our study, HepG2 and HepG2.2.15 were transfected with different SNP genotype expression
vectors of IPS-1 (wild-type, rs17857295, rs7262903 and rs7269320). The production of IPS-1
and IFN were evaluated in these transfected cells. IPS-1 in the HepG2.2.15 cells transfected
with rs17857295 or rs7262903 was 37% or 31% lower than that with wild-type transfection
(p < 0.001). IFN-β in rs17857295 or rs7262903 transfected HepG2.2.15 cells was 5.4 or
3.7 fold higher than that of wild-type transfection (p < 0.0001). IPS-1 in rs7269320 SNP
transfected HepG2.2.15 cells was 40% lower than that of wild-type transfection (p < 0.0001);
no significantly different IFN-β was observed between rs7269320 SNP and wild-type
transfections. IFN-β expression was > 2 fold higher in rs17857295 transfected HepG2.2.15
cells than HepG2 cells (p < 0.001). The data suggests that host HBV viral clearance is
stronger in IPS-1 rs17857295 or rs7262903 SNP genotype patients than wild-type patients.
Relatively weak inducible IFN-β production in HBV infected patients with IPS-1 rs7269320
SNP or wild-type may contribute to chronic virus infection.
Keywords: IPS-1, single nucleotide polymorphism, hepatitis B virus, interferon response, chronic
HBV infection

1. Introduction
Chronic hepatitis B (CHB) is still a major challenge
to clinicians, due to its serious clinical complications
with huge financial and psychological burdens (1,2).
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The precise pathogenesis of CHB is not fully clear,
especially the host immunity in CHB viral clearance,
and subsequent chronicity, despite decades of extensive
research (3).
Single nucleotide polymorphism (SNP) is a
polymorphism at the genome level, due to a single
nucleotide missense mutation (4). Missense mutation of
a single nucleotide in genetic code leads to the change
of the sequence of bases, and transforms the amino acid
sequence of the corresponding protein, influencing the
structure and function of proteins. SNP is an important
biological genetic marker, causing a biological genetic
trait change. SNPs determine the effect of drug therapy
and/or disease susceptibility in different genetic
backgrounds, which may also contribute to different host
immunities, especially antiviral immunity (5).
Host antiviral innate immunity is initiated via viral
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pathogen-associated molecular patterns (PAMP), such
as viral double-stranded RNA(dsRNA). All RNA and
most DNA viruses, including HBV (6), generate dsRNA
molecules at the transcription or replication level.
Retinoic acid inducible gene-I (RIG-I) and melanoma
differentiation-associated gene 5 (MDA5) are very
important pattern recognition receptors (PRRs) in vivo
(7). RIG-I/MDA5 signaling pathway plays an important
role in host recognition and clearance of the virus
infection process (8). After binding to dsRNA, RIG-I
transforms into an open conformation, translocates
onto mitochondria, and interacts with the downstream
adaptor to induce the production of interferon (IFN) and
inflammatory factors via IRF3/7 and NF-κB pathways.
IFN-β promoter stimulator 1 (IPS-1), an essential
adaptor protein in the RIG-I/MDA5 anti-viral pathway,
plays an important role in the cell recognition and the
induce process of IFN-β during viral infection (9-12).
Upregulation of IPS-1 results in increased production
of IFN-β, which finally prevents viral entry (9,12).
RIG-I mediated antiviral immunity and its downstream
signaling pathway have been well illustrated in
hepatitis C virus (HCV) infection (13). Following HBV
stimulation, MDA5 activates innate immune signaling
to suppress hepatitis B virus (HBV) replication (14).
IFN inhibits HBV replication via the MDA5/IPS1 pathway, but patients display different prognosis to
HBV infection.
Studies on genetics determine susceptibility of
HBV infection and subsequent chronicity has been well
documented in families of segregation analysis or twin
studies (15,16). SNP of IL28B is responsible for the
therapeutic outcomes following PEG-IFN plus ribavirin
treatment in chronic viral hepatitis C (CHC) (17). It has
been demonstrated that three SNPs upstream of IL28B
(rs12979860 CC, rs12980275 AA, and rs8099917 TT)
are highly associated with HCV recovery, but inversely
with HBV (18). Recent study of polymorphisms near
IL28B (rs12980275AA, rs12979860 CC) have also
demonstrated an association with serologic response to
PEG-IFN in HBeAg+ CHB patients (19). Interestingly,
IL28B rs12979860 CC genotype do not contribute
to the outcome of HBV infection (20). HLA-DPA1
rs3077G/G is associated with HBeAg seroconversion
and combined response rates at 6 months of the reply in
HBeAg+ CHB patients with IFN, suggesting HLA-DPA1
contributes to IFN-induced HBeAg seroconversion
(21). Our previously published data demonstrates that
polymorphisms in IPS-1 (rs2464 CC) are independently
associated with response to PEG-IFN among Chinese
HBeAg+ CHB patients (22). The data from ourselves
and others illustrates that different proteins regulated by
SNPs contribute to HBV viral clearance and subsequent
disease outcome via host antiviral immunity in response
of interferon. However, it was still unclear whether SNP
of IPS-1 polymorphisms influences IFN response in
HBV infection.

2. Materials and Methods
2.1. Cell lines and Culture
HepG2 and HBV-replication-stable HepG2.2.15 cell
lines were maintained in our laboratory, which were
obtained from the Chinese Academy of Sciences (23-25).
HEK293T cells, obtained from American Type Culture
Collection, were used as a transfection positive control
(26). HepG2, HepG2.2.15 and HEK293T cells were
cultured in DMEM medium, supplemented with 10%
fetal bovine serum at 37°C (Life Technologies, Carlsbad,
CA), in a humidified atmosphere containing 5% CO2.
2.2. Site-directed Mutagenesis
The sequences containing IPS-1 cDNA (FL18489)
based on a human cDNA library were inserted into
pCMV-SPORT6 plasmid, and then transfected into
E. coli for amplification. The correct clone was
confirmed with sequencing, and used as positive
control. Primers were designed including the whole
ORF sequences of IPS-1, joining enzyme loci Bgl II
and Cal I at the both ends, respectively. In addition,
KOZAK was also added as protection. The sequence
of these two strains of primers were as follows: IPS1seq-sense: ACCAGATCTGCCACCATGCCGT
TTGCTGAAGACAAGACC; IPS-1seq-antisense:
ATTGTCGACCTAGTGCAGACGCCGCCGGTA.
IPS-1 cDNA fragment, inserted into pRRL-cPPT-PGKeGFP-WPRE plasmid (Addgene#12252), was amplified
for final identification.
Three point mutations, identified from each sequence
of IPS-1 cDNA, were localized at the position of the
SNPs of interest (Supplement Figure S1, http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=40). We used site-directed mutagenesis to
obtain the wild-type vector of IPS-1 and other different
expression vectors of SNP genotype. The primers for
site-directed mutagenesis are listed in Supplement
Table S1 (http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=40). PCR was performed
as follows: 94°C for 2 minutes, then 25 cycles at 94°C
for 15 seconds, 56°C for 30 seconds, 68°C for 1 minute,
and 68°C for 9 minutes.
2.3. qRT-PCR
HEK293T, HepG2 and HepG2.2.15 cells were
transfected with human wild-type IPS-1 or different IPS1 SNP genotypes (rs17857295, rs7262903 or rs7269320),
respectively in triplicate plates. RNA was extracted from
individual treated cells, using Trizol (Life Technologies,
Carlsbad, CA). cDNA was generated from 1μg total
RNA, using the RevertAidTM Reverse Transcriptase kit
(Thermo Fisher Scientific, Waltham, MA). The forward
and reverse primers for pgRNA are listed in Supplement
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Table S2 (http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=40). qRT-PCR was
performed as follows: 95°C for 2 minutes, then 40 cycles
at 95°C for 15 seconds, 60°C for 20 seconds, 72°C for
20 seconds, and 39 cycles at 72°C for 30 seconds.

rabbit-HRP, Amersham Pharmacia Biotech, Saclay,
France). The signal was developed and imaged using
ImageQuant™ LAS 4000 (Fujifilm, Tokyo, Japan).

2.4. Western Blot

All data were expressed as the mean ± standard deviation
(SD). Two-tailed Student's t-test and one-way ANOVA
were used for data analysis. All statistical analyses were
performed using the SPSS for Windows, Version 19.0
(SPSS Inc., Chicago, IL). Differences were considered
statistically significant at P < 0.05.

Protein was extracted from these treated cells after
lysing with RIPA buffer (Abcam, Cambridge, UK)
for Western blot. Electrophoresis was performed
after protein quantification using BCA kit (Abcam,
Cambridge, UK). The blots were blocked and labeled
with primary antibodies (rabbit anti-human IPS-1,
Millipore, Darmstadt, Germany) overnight. Membranes
were incubated with secondary antibody (goat anti-

2.5. Statistical analysis

3. Results
3.1. Construction of recombinant mammalian expressing
vector with different IPS-1 SNP genotypes
It was confirmed that constructions of recombinant
mammalian expressing vector carried IPS-1 wild-type
or other SNP genotypes (rs17857295, rs7262903 or
rs7269320), by sequencing (Figure 1). Furthermore, to
verify the ability to express IPS-1 properly, HEK293T
cells (GFP gene contained in pRRL-cPPT-PGK-eGFPWPRE plasmid) were transfected with the vectors,
which carried wild-type or different IPS-1 SNPs.
Thus GFP production in the cells indicates successful
and stable transfection. IPS-1 mRNA from the wildtype or SNP mutated gene type transfected cells were
significantly higher than that of mock transfected cells
(p < 0.05) (Figure 2), confirming the vector plasmids
were successfully generated with correct sequence.
3.2. IPS-1 polymorphisms in HBV infection
Subsequently, to determine the relationship between
SNPs and IPS-1 expression during HBV infection
in hepatocytes, HepG2 or HepG2.2.15 cells were
transfected with the vectors containing IPS-1 SNPs
or wild-type genotypes, respectively. IPS-1 gene

Figure 1. Construction of recombinant mammalian
expressing vector with different IPS-1 SNP genotypes.
(A). Incision enzyme digestion of different IPS-1 genotype
plasmids; (B). Sequencing of different IPS-1 genotype plasmids
(wt: IPS-1 wildtype, SNP1: rs17857295, SNP2: rs7269320,
SNP3: rs7262903).

Figure 2. The expression of IPS-1 mRNA in different IPS1 SNP genotype plasmids transfected 293T cells.
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(A)

(B)
Figure 4. The expression of IFN-β in different IPS-1
genotype plasmids transfected HepG2 or HepG2.2.15
groups.

To confirm if the modification of IPS-1 was
consistent between mRNA and protein, Western
blot was conducted, demonstrating that IPS-1 was
reduced by 49%, 52%, or 21% in the HepG2.2.15 cells
transfected with rs17857295, rs7262903 or rs7269320
than that of wild-type transfection (p < 0.05) (Figure 3B
and 3C). Interestingly, IPS-1 protein was 13, 13, 11, or
2 fold higher in HepG2.2.15 cells than in HepG2 cells
with different transfection, i.e. wild-type, rs17857295,
rs7262903, rs7269320 (Figure 3C).

(C)

3.3. IPS-1 SNP polymorphisms regulate interferon
response in HBV infection

Figure 3. The expression of IPS-1 in different IPS-1
genotype plasmids transfected HepG2 or HepG2.2.15
groups. (A). The expression of IPS-1 mRNA in different
IPS-1 genotype plasmids transfected HepG2 or HepG2.2.15
groups. (B). Western Blot detect different IPS-1 genotype
plasmids transfected HepG2 or HepG2.2.15 groups. (C).
The analysis of grey value among different IPS-1 genotype
plasmids transfected HepG2 or HepG2.2.15 groups.

was significantly higher in the cells transfected with
these three different IPS-1 SNPs or wild-type than
the mock transfected group (p < 0.05). IPS-1 mRNA
level in HepG2.2.15 cells transfected with wild-type,
rs17857295, rs7262903, rs7269320 was 11, 14, 8 or 4
fold higher than HepG2 cells (p < 0.05). In contrast,
IPS-1 mRNA level was 37%, 31%, 40% lower in the
HepG2.2.15 cells transfected with IPS-1 rs17857295,
rs7262903 or rs7269320 (p < 0.05) SNP genotypes than
wild genotype transfection group (Figure 3A).

To determine the role of IPS-1 SNP polymorphisms
in regulating interferon response in HBV infection,
IFN-β mRNA level was detected after the vectors
containing these three different IPS-1 SNPs or wildtype genotypes transfected into HepG2 or HepG2.2.15
cells. In HepG2.2.15 cells, IFN-β expression in IPS1 wild-type vector transfected group had no obvious
change compared to pEGFP empty control group. IFN-β
mRNA level was 5.4 or 3.7 fold higher in the transfected
HepG2.2.15 cells with IPS-1 rs17857295 or rs7262903
SNP genotypes than wild genotype transfected group
(p < 0.0001). In IPS-1 rs7269320 SNP genotypes
transfected groups, IFN-β expression had no obvious
change compared to wild-type group. In addition, in
IPS-1 rs17857295 genotype vectors transfected groups,
the IFN-β mRNA level in HepG2.2.15 cells was > 2 fold
higher than that in HepG2 cells (p < 0.001) (Figure 4).
4. Discussion
Following transfection of rs17857295 or rs7262903 in
the HBV carried hepatocytes, IPS-1 was suppressed,
but IFN-β was up-regulated compared to that with
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wild-type transfection. IPS-1, but not IFN-β, was
suppressed in the HBV carried hepatocytes transfected
with rs7269320 SNP compared to that with wildtype transfection. IFN-β was higher in rs17857295
transfected HBV carried hepatocytes than in non-HBV
carried hepatocytes.
IPS-1 plays a critical role in the RIG-I signaling
pathway, leading to IFN-β activation in cells following
viral stimulation (9-11). However, viruses may still
circumvent IFN initiated host response via an unknown
mechanism in susceptible individuals (14,27), resulting
in chronic viral infection. Lin et al. (28) demonstrated
that HCV protease NS3-4A inhibits IFN-β production
via degrading IPS-1 protein. However, the effect of
IPS-1 SNP polymorphism during HBV infection is still
unclear. Among 29314bp DNA sequences within IPS-1
gene, 229 SNPs loci have been discovered. Considering
the effects on the protein structure and function, we
focused on the missense coding SNP (cSNP) sites
within the IPS-1 gene. Three out of 12 missense
cSNP sites show a mutation frequency which is > 1%,
including rs17857295 in exon 3 (446 g>C, Q93E),
rs7262903 in exon 5 (761 a>C, Q198K) and rs7269320
in exon 7 (1395 t>C, S409F). The encoding amino
acids of rs17857295 loci is in the connection position
between CARD structure domain and a proline rich
area (Pro-rich), suggesting this SNP is closely related to
the IPS-1function (29).
In the current study, IPS-1 was significantly higher
in the wild type or SNPs transfected HBV carried
hepatocytes (HepG2.2.15 cells) than that in non-HBV
carried hepatocytes (HepG2 cells), suggesting that IPS1 production is responding to HBV infection in the
hepatocytes. Our data is in line with our previously
published data in macrophages, IPS-1 in macrophages
from CHB patients is significantly higher than that of
good health controls following vesicular stomatitis
virus stimulation (26).
Furthermore, IPS-1 was suppressed in any of
the SNPs transfected (rs17857295, rs7262903 or
rs7269320) HBV carried hepatocytes compared to
that transfected with wild type. In contrast, IFN-β was
substantially higher in the rs17857295 or rs7262903
SNP transfection HBV carried hepatocytes than that
of the wild type transfected group. This is consistent
with our previous finding that IPS-1 in macrophages
from CHB patients is significantly higher than that of
good health controls or acute hepatitis B, following
vesicular stomatitis virus stimulation, inversely
correlated with IFN-β production (26). Our current
finding suggests that increased IPS-1 production from
the virus stimulation in HBV carried hepatocytes is due
to compensation for compromised IPS-1 function, and
possibly due to interference from HBV infection. This
is supported by the finding that HBx protein of HBV
interferes the ubiquitination of IPS-1 to restrain the
RIG-I pathway of innate immunity (30). However the
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underlying mechanisms leading to compromised IPS-1
function still remain to be explored.
Such findings invite speculation that the viral
infection signals are delivered more effectively in
rs17857295 and/or rs7262903 SNP transfected HBV
viral carried hepatocytes compared with wild-type
transfected ones, contributing to IFN-ꞵ mediated antiviral immunity. In addition, IFN-β from rs17857295
transfected HBV carried hepatocytes was significantly
higher than from non-HBV carried hepatocytes. No
significantly different IFN-β production was detected
between HBV carried and non-HBV carried hepatocytes
following wild-type transfection, suggesting IPS-1
rs17857295 SNP may play an important role in host
resistance to HBV challenge. Moreover, there was no
significantly different IFN-β between wild type and
rs7269320 SNP transfection, suggesting rs7269320
mutation may not be a critical factor or may be
compensated by other factors in the viral host. The
precise underlying mechanism will be determined in
the future.
There are some limitations in our current study:
First, the current study was mainly focused on basic
virology. Thus future experiments may focus more on
clinical research. Second, more downstream pathways
of IPS-1 in RIG-I will be explored in the future. Third,
in our current experiment there was correlated upregulation of IPS-1 and IFN-β, but the viral load wasn't
determined at the same time. However it is well known
that IFN-β is responsible for viral clearance. Thus it
invites speculation that IPS-1 rs17857295 or rs7262903
SNP genotype might contribute to viral clearance. The
precise correlation between IPS-1 and viral clearance
will be determined in our future study.
In conclusion, rs17957295 and rs7262903 IPS1 SNP genotypes may contribute to viral clearance,
especially rs17857295 SNP genotypes, in comparison
with the wild-type or rs7269320 SNP genotypes in
HBV infected patients.
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Summary

We construct and validate a non-invasive clinical scoring model to predict mortality in HIV/
TB patients at end stage of AIDS in China. There were 1,007 HIV/TB patients admitted to
Beijing Ditan Hospital from August 2009 to January 2018 included in this study, who were
randomly assigned to form derivation cohort and validation cohort. A clinical scoring model
was developed based on predictors associated with mortality identified with Cox proportional
hazard models. The discrimination and accuracy of model were further validated using the
area under the ROC curves. The derivation and validation cohort consisted of 807 and 200
patients in 8:2 ratio, respectively. In derivation cohort, anemia (HGB < 90g/L), tuberculous
meningitis, severe pneumonia, hypoalbuminemia, unexplained infections or space-occupying
lesions, and malignancies remained independent risk factors of mortality in HIV/TB coinfected patients, and included in this clinical scoring model. The model indicated good
discrimination, including AUC = 0.858 (95% CI: 0.782-0.943) in the derivation cohort, and
AUC = 0.867 (95% CI: 0.832-0.902) in validation cohort, respectively. The predicted scores
were categorized into two groups to predict the mortality: low-risk (0-2 points with mortality
with 3.6-9.1%) and high-risk (4-16 points with mortality with 26.42-74.62%), in which
54.55% and 74.62% of patients with score of 5 to 11 and 12-16 were died among high-risk
group. Kaplan-Meier curve indicated a significant difference in the cumulative mortality in
the two groups by log-rank test (p < 0.001). A clinical scoring model to assess the prognosis
in HIV/TB patients at end stage of AIDS was constructed based on simple laboratory and
clinical features available at admission, which may be an easy-to-use tool for physicians to
evaluate the prognosis and treatment outcome in HIV/TB co-infected patients. The model
was also applicable for predicting the death of end-stage HIV/TB patients within a 12 months
period after discharge.
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1. Introduction
Mycobacterium Tuberculosis was the most important
opportunistic pathogen in HIV/AIDS patients, and
epidemiological data from World Health Organization
(WHO) indicated that 12% of tuberculosis (TB) patients
occurred in HIV/AIDS population (1). In sub-Sahara
countries, the prevalence of HIV/TB co-infection was
much higher and 80% of TB patients were found in
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people living with HIV (1). Our previous study also
indicated that TB infection was the most predominant
opportunistic infection and prevalence was 32.5% in
HIV-infected population in China (2).
It was reported that (3) synergic interaction was
found in HIV/TB co-infection and TB infection
promoted HIV-associated immunosuppression, which
enhanced mortality in HIV/TB co-infected population.
Although different guidelines were established to
improve the principle for treatment outcome and
prognosis in HIV/TB co-infected patients, TB was
the most common cause of death in HIV-infected
population. Epidemiological investigation indicated that
overall mortality was 15.92% in HIV/TB co-infected
patients in China (4).
Although previous studies (5) indicated that, in
HIV/TB co-infected patients in China, some risk
factors, including timely diagnosis of TB, optimization
of timing of initiation of antiretroviral therapy, and
tuberculous meningitis were associated with mortality,
it was rarely reported that a standardized clinically
scoring model was developed to assess the prognosis
of HIV/TB co-infected patients at end stage of AIDS
in China. Some literature reported (6) that at least a
clinical scoring model was currently developed to
predict mortality in HIV/TB co-infected patients, but
complicated formula and calculation were required
in this scoring model. Therefore, development of
a clinically scoring model was badly in need for
clinicians due to higher mortality, which helped to
determine the prognosis and treatment outcome in HIV/
TB co-infected patients at end stage of AIDS in China.

2. Patients and Methods
2.1. Ethical consideration
This observational study was carried out in Beijing
Ditan Hospital based on principles of Declaration
of Helsinki, and it was approved by ethical review
committee of the hospital. Medical informed consent
was waived due to anonymously using clinical
information which was summarized from medical
records.
2.2. Study population
We reviewed 1,070 HIV/TB co-infected patients at end
stage of AIDS admitted to Beijing Ditan Hospital, the
largest referral hospital for HIV/AIDS population in
China, from August 2009 to January 2018. We excluded
foreigners, those aged less than 18 years old, the ones
who had baseline data missing, and those diagnosed
as old tuberculosis (Figure 1). The patients received
12-month follow-up after discharge. Electronic medical
records were reviewed and abstracted to develop a
standardized clinically scoring model to determine
the prognosis and treatment outcome in HIV/TB coinfected patients at end stage of AIDS.
2.3. Diagnosis and treatment
Diagnosis of active tuberculosis diseases in HIVinfected patients was based on Guidelines for
Prevention and Treatment of Opportunistic Infections

Figure 1. Flow chart of study population and random assignment with ratio of 8:2.
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in HIV-Infected Adults and Adolescents recommended
by U.S. Center for Disease Control and Prevention
(CDC) (7). Etiologic diagnosis in HIV-infected patients
with suspected active tuberculosis was based on
culture and isolation of Mycobacterium Tuberculosis in
different samples, including sputum,bronochoalveolar
lavage fluid (BALF), pleural effusion, ascites and
cerebrospinal fluid (CSF). Gene-X-Pert and nucleic
acid amplification were also applied in above samples
to provide rapid diagnosis of tuberculosis infection.
interferon-γ releasing assay (IGRA) was also screened
in blood samples in patients with suspected active
tuberculosis with related clinical manifestations.
Pathological examination of acid-fast bacilli (AFB) was
conducted in BALF, pleural effusion, ascites, CSF and
samples of lymph nodes or surgical resection.
Anti-tuberculosis treatment was based on guideline
recommended by U.S. CDC (7), including intensive
phase with isoniazid, rifampin, ethambutol and
pyrazinamide and continuation phase with isoniazid and
rifampin. Adjunctive corticosteriod was also used in
patients with HIV-related TB involving central nervous
system or pericardium.
Beside active tuberculosis diseases, other opportunistic
infections (OIs) in HIV/TB co-infected patients at
end stage of AIDS were diagnosed and managed
in accordance with Guidelines for Prevention and
Treatment of Opportunistic Infections in HIV-Infected
Adults and Adolescents recommended by U.S. CDC (7).
The malignant lymphoma and non-AIDS-defining
malignancies were diagnosed based on pathological
and imaging diagnosis, and managed according to
HIVBOOK edited by Christian Hoffmann (8).
Antiretroviral therapy was recommended to HIV/
TB co-infected patients at end stage of AIDS based
on Chinese National free HIV antiretroviral treatment
handbook and preferred regimen was tenofovir (TDF),
lamivudine (3TC), plus efavirenz (EFV) (9).
2.4. Data collection and definitions
Demographic data included age and gender, and
clinical data collected in this study included HIV
transmission routes, ART initiation or not, duration
of active ART initiation, documented opportunistic
infections, malignant lymphoma, non-AIDS-defining
malignancies. Laboratory tests were performed for
baseline CD4, albumin as well as hemoglobin (HGB)
levels after admission.
Primary treatment outcome was documented either
survival or death when HIV/TB co-infected patients
left hospital. Patients who survived when discharged
received 12-month follow-up, and the date of last
known alive was documented in electronical medical
records base on records of last follow-up. The morality
in this study was a cumulative measure with a risk
period of 12 months after discharge, i.e., dead cases
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within the 12 months after discharge were calculated.
In HIV/TB co-infected patients at end stage of
AIDS, Unexplained infections was diagnosed based on
compatible clinical symptoms and intensive pathogenic
investigation of OIs without identifying pathogens, and
unexplained space-occupying lesions was diagnosed on
basis of clinical symptoms and results of Computerized
tomography (CT) or magnetic resonance imaging(MRI)
scan but lack of pathological diagnosis of biopsy.
Severe pneumonia was diagnosed based on the
presence of severe acute respiratory failure and/or
septic shock with organ system dysfunction due to
different etiologies or pathogens (10).
2.5. Statistical analysis
Statistical analysis was conducted with SPSS 20.0 (SPSS
Institute, Chicago IL, USA). Clinical data were evaluated
with percentages for categorical variables and chisquare test or Fisher exact test was used for categorical
variables.
Cox proportional hazard models were used to
assess the predictors associated with mortality in HIV/
TB co-infected patients at end stage of AIDS in the
cohort. Univariate Cox proportional hazard models
were firstly used to determine the association of the
variables with mortality in HIV/TB co-infected patients,
and multivariate Cox proportional hazard models were
subsequently run and univariate factors with p < 0.1
were included into a forward stepwise multivariate Cox
proportional hazard model. The integer scores were
converted by rounding the hazard ratios (HRs) of the
predictors. For example, the HR of 2.110 associated with
tuberculous meningitis was equal to 2 points and the final
score was the sum of these values. The clinical scoring
model was validated in derivation and validation cohort,
Receiver operating characteristics (ROC) curves were
plotted and the area under curve (AUC) was evaluated
in this study. The correlation between clinical scoring
model and prognosis was plotted based on cumulative
mortality according to scores. Log-rank testing was
conducted to evaluate difference in cumulative mortality
between the low-level and high-level scores.
Alpha was set to 0.05 with two-side, with 95%
confidence intervals. P < 0.05 was considered significant.
3. Results
3.1. Patients characteristics
From August 2009 to January 2018, 1,070 HIV-infected
patients at end stage of AIDS were diagnosed as
tuberculosis infection and 1,007 patients were enrolled
in this study after excluding those not meeting inclusion
criteria, in which 810 were alive and 197 were dead
after 12-month follow-up. Random assignment in 8:2
ratio was conducted in alive group (650 and 160 cases)
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Table 1. Baseline characteristics of HIV/TB patients at end-stage of AIDS in the study cohort
Total
n = 1007

Variables
Age (years)

Derivation cohort
n = 807

Validation cohort p value
n = 200

< 50
≥ 50
Female
Male
Homosexual
Heterosexual
Blood transfusion
HGB > 90g/L
HGB ≤ 90g/L
ALB > 30g/L
ALB ≤ 30g/L
CD4 > 100cells/uL
CD4 ≤ 100cells/uL
Yes
NO

820 (81.4%)
187 (18.6%)
902 (89.6%)
105 (10.4%)
752 (74.7%)
147 (14.6%)
108 (10.7%)
722 (71.7%)
285 (28.3%)
679 (67.4%)
328 (32.6%)
288 (28.6%)
719 (71.4%)
411 (40.8%)
596 (59.2%)

665 (82.4%)
142 (17.6%)
716 (88.7%)
91 (11.3%)
609 (75.5%)
112 (13.9%)
86 (10.6%)
585 (72.5%)
222 (27.5%)
552 (68.4%)
255 (31.6%)
231 (28.6%)
576 (71.4%)
324 (40.1%)
483 (59.9%)

155 (77.5%)
45 (22.5%)
186 (93%)
14 (7%)
143 (71.5%)
35 (17.5%)
22 (11%)
137 (68.5%)
63 (31.5%)
127 (63.5%)
73 (36.5%)
57 (28.5%)
143 (71.5%)
87 (43.5%)
113 (56.5%)

0.110

Yes
NO
Yes
NO
Yes
NO
Yes
NO

754 (74.9%)
253 (25.1%)
213 (21.2%)
794 (78.8%)
69 (6.9%)
938 (93.1%)
125 (12.4%)
882 (87.6%)

594 (73.6%)
213 (26.4%)
172 (21.3%)
635 (78.7%)
54 (6.7%)
753 (93.3%)
100 (12.4%)
707 (87.6%)

160 (80%)
40 (20%)
41 (20.5%)
159 (79.5%)
15 (7.5%)
185 (92.5%)
25 (12.5%)
175 (87.5%)

0.062

Yes
NO
CMV pneumonitis
Yes
NO
Cryptococcal pneumonitis
Yes
NO
Fungal pneumonia
Yes
NO
Severe pneumonia
Yes
NO
MAC
Yes
NO
CMV retinitis
Yes
NO
Penicilliosis
Yes
NO
Invasive fungal infections
Yes
NO
CMV neurologic diseases
Yes
NO
Cryptococcal meningitis
Yes
NO
Cerebral Toxoplasmosis
Yes
NO
Unexplained infections or space-occupying lesions Yes
NO
Malignancies
Yes
NO

134 (13.3%)
873 (86.7%)
52 (5.2%)
955 (94.8%)
9 (0.9%)
998 (99.1%)
91 (9%)
916 (91%)
30 (3%)
977 (97%)
63 (6.3%)
944 (93.7%)
54 (5.4%)
953 (94.6%)
21 (2.1%)
986 (97.9%)
32 (3.2%)
975 (96.8%)
13 (1.3%)
994 (98.7%)
42 (4.2%)
965 (95.8%)
16 (1.6%)
991 (98.4%)
103 (10.2%)
904 (89.8%)
27 (2.7%)
980 (97.3)

117 (14.5%)
690 (85.5%)
42 (5.2%)
765 (94.8%)
7 (0.9%)
800 (99.1%)
66 (8.2%)
741 (91.8%)
27 (3.3%)
780 (96.7%)
51 (6.3%)
756 (93.7%)
46 (5.7%)
761 (94.3%)
19 (2.4%)
788 (97.6%)
25 (3.1%)
782 (96.9%)
7 (0.9%)
800 (99.1%)
34 (4.2%)
773 (95.8%)
12 (1.5%)
795 (98.5%)
83 (10.3%)
724 (99.7%)
20 (2.5%)
787 (97.5%)

17 (8.5%)
183 (91.5%)
10 (5%)
190 (95%)
2 (1%)
198 (99%)
25 (12.5%)
175 (87.5%)
3 (1.5%)
197 (98.5%)
12 (6%)
188 (94%)
8 (4%)
192 (96%)
2 (1%)
198 (99%)
7 (3.5%)
193 (96.5%)
6 (3%)
194 (97%)
8 (4%)
192 (96%)
4 (2%)
196 (98%)
20 (10%)
180 (90%)
7 (3.5%)
193 (96.5%)

0.025

Gender
Transmission route
Laboratory results

ART prior to admission
Tuberculosis
Pulmonary tuberculosis
Tuberculous pleuritis
Tuberculous peritonitis
Tuberculous meningitis
Opportunistic Infections
PCP

0.076
0.421
0.262
0.185
0.972
0.388

0.801
0.685
0.967

0.907
0.858
0.056
0.169
0.867
0.339
0.230
0.772
0.017
0.893
0.603
0.905
0.423

Note: ART:antirretroviral therapy; PCP:pneumocystis pneumonia; CMV: cytomegalovirus; MAC: Mycobacterium avium complex.

and dead group (157 and 40 cases) respectively to
form derivation cohort (n = 807) and validation cohort
(n = 200) in 8:2 ratio (Figure 1). The demographic,
clinical and laboratory characteristics of these patients
were detailed in Table 1, and there was no significant
difference between characteristics in derivation and
validation cohort.

3.2. Development of clinical scoring model of mortality
in HIV/TB co-infected patients at end stage of AIDS
Univariate Cox proportional hazard models were used
to identify the predictor associated with mortality in
derivation cohort, revealing significant difference in
anemia (HGB < 90g/L), tuberculous meningitis, severe
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Table 2. Risk factors for mortality rate by Cox proportional hazard regression in HIV/TB patients and hazard rate and
integer risk scores
Items
Anemia (HGB < 90g/L)
Tuberculous meningitis
Severe pneumonia
Hypoalbuminemia
Unexplained infections or space-occupying lesions
Malignancies
Overall risk level
Mortality
Low risk
3.6-9.1%
High risk
26.42-74.62%

Unadjusted
HR (95% CI)

p value

1.872 (1.361-2.578)
2.524 (1.751-3.637)
6.914 (4.388-10.895)
2.281 (1.665-3.125)
8.542 (6.177-11.813)
5.576 (3.214-9.674)

pneumonia, hypoalbuminemia, unexplained infections
or space-occupying lesions, and malignancies (p < 0.05,
Table 2 and Table S1, http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=41).
These variables were entered into a forward stepwise
multivariate Cox proportional hazard model, and results
indicated that anemia (HGB < 90g/L) ((multivariateadjusted hazard ratios (HRs)1.726, 95% conﬁdence
intervals (CIs) 1.224, 2.435, p = 0.002), Tuberculous
meningitis (HR: 2.110, 95% CI: 1.399, 3.181, p <
0.001), severe pneumonia (HR: 4.841, 95% CI: 3.002,
7.806, p < 0.001), hypoalbuminemia (HR: 2.062, 95%
CI: 1.446-2.939, p < 0.001), unexplained infections or
space-occupying lesions (HR: 7.485, 95% CI: 5.34110.489, p < 0.001), and malignancies (HR: 4.866, 95%
CI: 2.785-8.502, p < 0.001) remained independent risk
factors of mortality at 12-month follow-up in HIV/
TB co-infected patients at end stage of AIDS. In Table
2, we can find that predictive score of each predictor,
including anemia (HGB < 90g/L), tuberculous
meningitis, severe pneumonia, hypoalbuminemia,
unexplained infections or space-occupying lesions, and
malignancies, was 2, 2,5, 2, 7 and 5, respectively.
There was very good conformity between the points
and the predictor. The sum of scores from each of the
six predictors ranged from 0 to 16 (Table 2). At the cutoff point of 3 matching the maximum Youden index
determined by receiver operating curve analysis, the
sensitivity and specificity for mortality in HIV/TB coinfected patients were 79.6% and 82.9%, respectively.
Weighted points were assigned to above 6 predictors
with linear transformation of their relevant regression
coefficient and a clinical score of mortality for
individual HIV/TB co-infected patients at end stage of
AIDS was calculated using following formula (11):
Prognostic score =
2 × [Anemia (HGB < 90g/L)]
+ 2 × [Tuberculous meningitis]
+ 5 × [Severe pneumonia]
+ 2 × [Hypoalbuminemia]
+ 7 × [Unexplained infections
		
or space-occupying lesions]
+ 5 × [Malignancies]

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Adjusted
HR (95% CI)
1.726 (1.224-2.435)
2.110 (1.399-3.181)
4.841 (3.002-7.806)
2.062 (1.446-2.939)
7.485 (5.341-10.489)
4.866 (2.785-8.502)

p value
0.002
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Predictive
Score
2
2
5
2
7
5
Total score
0-2
4-16

Based on this formula, each patient in HIV/TB coinfected patients had a prognostic score of mortality,
and we found that the sum of scores from each of
the six predictors ranged from 0 to 16 (Table 2) in
this study, and no one had score 1 or 3 according to
predictive score of each predictor (Table 2) and the sum
of scores from each of the six predictors.
3.3. Validation of the clinical scoring model
The potence of the clinical scoring model to predict
mortality at 12-month follow-up in HIV/TB co-infected
patients at end stage of AIDS was assessed using the
area under the ROC curves with the validation cohort.
The area under the ROC curves was 0.858 (95% CI:
0.782-0.943) in the derivation cohort, while the area
under the ROC curves in validation cohort was 0.867
(95% CI: 0.832-0.902), which indicated that this
clinical scoring model may be useful in predicting
mortality at 12-month follow-up in HIV/TB co-infected
patients (Figure S1, http://www.biosciencetrends.com/
action/getSupplementalData.php?ID=41).
3.4. Correlation between the clinical scoring model and
mortality in HIV/TB co-infected patients at end-stage of
AIDS
All patients in this study were pooled to further assess
the correlation between the clinical scoring model and
mortality in HIV/TB co-infected patients at end-stage
of AIDS. The score was categorized into two groups
with low risk (scoring 0-2) and high risk (scoring
4-16) of mortality based on the maximum Youden
index determined by receiver operating curve analysis.
We found that patients with higher scores had higher
mortality. Among patients with score of 0, 3.6% had
died at 12-month follow-up, as compared to 9.1%
of patients with score of 2, 26.42% of patients with
score of 4, 54.55% and 74.62% of patients with score
of 5 to 11 and 12-16, respectively (Figure 2). For the
summed clinical scores of 0-2 and 4-16, the mortality
at 12-month follow-up was 3.6-9.1% and 26.4274.62%, respectively (Table 2). Furthermore, Kaplan-
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Figure 2. Percentage of mortality of HIV/TB co-infected
patients according to the score. The integer scores were
converted by rounding the hazard ratios of the predictors and
the final score was the sum of these values. Patients were
divided into 5 groups according to their baseline levels. Among
patients with score of 0, 3.6% had died at 12-month followup, as compared to 9.1% of patients with score of 2, 26.42% of
patients with score of 4, 54.55% and 74.62% of patients with
score of 5 to 11 and 12-16, respectively.

Figure 3. Kaplan-Meier survival curve of HIV/TB coinfected patients between groups of low-level and high-level
scores.

Meier curve indicated a significant difference in the
cumulative mortality between low-level scores and
high-level scores groups (0-2 and 4-16) at 12-month
follow-up by log-rank test (p < 0.001) (Figure 3),
which demonstrated that the model may be useful in
predicting mortality in HIV/TB co-infected patients at
end-stage of AIDS.
4. Discussion
This predictive model was constructed based on the
derivation and the validation cohorts, in which risk
factors were found and their risk scores were evaluated
based on multivariate Cox proportional hazard model,
and a predictive model was developed in the derivation
cohort, and the predictive model was further assessed
using the area under the ROC curves in the validation
cohort.
Routinely and preferably, a simple random sampling
should have been applied to the whole sample of 1,007

patients, with 4:1 ratio for the derivation and validation
cohorts, and it should meet a prerequisite: there was
no significant difference in outcome status (alive vs.
dead) between derivation and validation cohorts (12),
which may experience multiple round random sampling
to meet the prerequisite. In this study, we simplified
the random sampling processes based on randomly
stratifying sampling: random assignment in 8:2 ratio
was conducted in alive group (650 and 160 cases) and
dead group (157 and 40 cases) respectively to form
derivation cohort (n = 807) and validation cohort (n =
200) in 8:2 ratio (Figure 1), which indicated that there
was no significant difference in outcome status between
two cohorts and selection bias were reduced to the
utmost.
It was reported that several TB predictive scoring
models were previously established (6,11), but some
reason limited their application in specific context
in China. HIV infection was reported to be the most
important risk factor for mortality in several TB
predictive scoring models, but they were not involved
in end-stage AIDS patients, who were prone to be
complicated by different opportunistic infection,
malignancies and co-morbidities. Nguyen et al. (11)
reported prognostic score model to predict mortality
during TB treatment in HIV/TB co-infected patients in
high-income countries, but this model had never been
validated in China, which has completely different
clinical features and healthcare conditions in HIV/TB
co-infected population in China.
In China, although availability of potent free
antiretroviral regimens has had the most profound
influence on opportunistic infections or malignanciesrelated mortality (9), opportunistic infections and
AIDS-related malignancies continued to cause
morbidity and mortality due to unaware of their HIV
status in Chinese HIV-infected population (2). These
patients sought medical attention so late that their
health condition had entered end-stage of AIDS due to
severe immunosuppression when HIV infection was
diagnosed. Our previous study indicated that (2), in
HIV/AIDS patients with severe immunosuppression,
the same pathogen can co-infected different organs or
systems, such as Mycobacterium Tuberculosis which
can infect nervous, respiratory, lymph, and digestive
system, while different pathogens can infect same organ
or system, such as respiratory system which can be coinfected with bacteria, virus and invasive fungi. Some
pathogens and space-occupying lesions were also found
to be difficult to be diagnosed etiologically in end-stage
AIDS patients, which increased degree of difficulty
of etiologic diagnosis in clinical practice. In HIV/
TB co-infected patients at end-stage of AIDS, we also
highlighted different clinical complications, including
AIDS-defining illnesses (including opportunistic
infections and AIDS-related malignancies) and nonAIDS-defining malignancies, resulted in clinical
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deterioration or even death in these patients.
TB disease is an important OI and AIDS-defining
illness, it can occur at any CD4 cell counts, and its
risk increases with progressive immunodeficiency. In
this study, we found that TB disease was diagnosed in
28.6% of patients with CD4 > 100 cells/uL and 71.4%
of patients with CD4 < 100cells/uL, respectively,
which indicated that TB disease was diagnosed in
HIV-infected patients with any CD4 cell counts in our
cohort, and was more prone to occur in patients with
lower CD4 levels. This clinical scoring model was
constructed based on this cohort, which indicated that it
can be used not only in patients with higher CD4 levels
but also in patients with lower CD4 levels. In this study,
the majority of TB disease occurred in HIV-infected
patients with lower CD4 levels, who were prone to be
complicated with different OIs or malignancies, which
were common clinical features in HIV-infected patients
with end-stage of AIDS in China (2). This clinical
scoring model was used in HIV/TB co-infected patients
at end stage of AIDS, which indicated its advantage in
HIV/TB co-infected patients at end stage of AIDS in
China.
The result in this study demonstrated that HIV/
TB patients with hypoalbuminemia or anemia had
significantly higher mortality. Hypoalbuminemia
and anemia were commonly treated as marker of
malnutrition, and it was associated with wasting and
was considered as indicators of increased severity
of OIs, which increased risk of mortality in HIV/TB
patients (13,14).
Tuberculous meningitis was the most severe
complication in individuals infected with Mycobacterium
Tuberculosis, which killed or disabled half of these
patients. TB meningitis was also found as a predictor
of mortality in our clinical scoring model, which was
consistent with some literature found in PubMed
(11,15,16), and helped remind physicians of this severe
complication in HIV/TB co-infected patients.
We found that unexplained infections or spaceoccupying lesions were another important risk factor
of mortality in HIV/TB patients. Some studies
demonstrated that some fatal infections or malignancies
cannot be determined until at autopsy (17). Obscurely
etiologic diagnosis increased risk of mortality and it
was important to improve pathogenic and pathological
diagnosis in HIV-infected patients with unexplained
infections or space-occupying lesions.
Malignancies were another important risk factor of
mortality in our clinical scoring model. Malignancies
were caused based on immunosuppression, life-style
and co-infections (HBV, HCV, or HPV) (18,19), which
indicated that earlier initiation of HAART, healthy lifestyle, cancer screening and identification of co-infected
pathogens would favorably improve prognosis of HIVinfected patients.
Severe pneumonia, which was caused by co-
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infections with pneumocystis pneumonia (PCP),
cytomegalovirus, and invasive fungi, besides
tuberculosis, in this study, was required invasive
mechanical ventilation earlier admitting to Intensive
Care Units (ICU). Several studies demonstrated that
severe pneumonia was an important cause of death
in patients later admitted to ICU (10,20) which was
consistent with our result in this study, and helped
remind physicians of earlier admitting to ICU to receive
mechanical ventilation.
Several important variables having significance in
univariate analyses such as CD4 cell count, pulmonary
tuberculosis, PCP and fungal pneumonia were also
included into a forward stepwise multivariate Cox
proportional hazard model, but we cannot make
conclusion that lower CD4 levels and some OIs, such
as pulmonary tuberculosis, PCP and fungal pneumonia,
were associated with mortality of HIV/TB co-infected
patients at end stage of AIDS.
It was reported that lower CD4 levels was associated
with mortality in HIV/AIDS patients (21), but we failed
to demonstrate the conclusion in our cohort. Luo et al.
(22) reported that lower CD4 level was not a predictor
for predicting mortality in HIV/AIDS patients with OIs
in Shanghai, China. The phenomenon may be due to
following reasons: First, the majority of patients had
lower CD4 levels on admission, and some patients
maybe had died prior to arriving at hospital. Our model
indicated that CD4 < 100cells/uL was found in 71.4%
of HIV/TB co-infected patients at end-stage of AIDS.
Second was associated with inherent biases in studies
based on retrospective and observational data. Third,
Revimohan et al. (23) reported that, in HIV/TB coinfected patients, early immunologic response, but
not pre-ART CD4 counts was associated with early
mortality.
Pulmonary tuberculosis was the most common OI
in HIV-infected patients at end stage of AIDS, but we
did not find that it was an independent predictor of
mortality in HIV-infected patients with end-stage of
AIDS, which was consistent with some reports about
risk factors of mortality in HIV/AIDS patients with OIs
(22,24,25). In this study, all of patients were diagnosed
as tuberculosis, in which 74.9% of patients had
pulmonary tuberculosis, which may explain why it was
not significant difference among those who were dead
in this study. Although pulmonary tuberculosis was not
an independent risk factor of mortality in HIV/TB coinfected patients at end stage of AIDS, TB was still an
important OI and active TB screening was necessary
for HIV-infected patients.
This clinical scoring model indicated several
advantages: First, the model was constructed based
on HIV/TB infected patients at end-stage of AIDS
in China, which was currently the most predominant
clinical characteristics in Chinese HIV/AIDS patients.
Second, the model used randomized assignment from
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large cohort of HIV/TB co-infected patients and
received accurate assessment of different predictors.
Third, 6 predictors used in the model were common in
clinical practice, and model was easy to use in routine
clinical practice without complicated calculation.
Fourth, the model could help physicians determine the
prognosis of HIV/TB co-infected patients, especially
for end-stage AIDS patients with tuberculosis.
The study also had some limitations: First, there
were potential inherent biases in a retrospective
study. Second, the conclusion was made in single
center, which should be further validated prior to be
generalizable to different hospitals in China.
In conclusion, a clinical scoring model to assess
the prognosis in HIV/TB patients at end stage of AIDS
was constructed based on simple laboratory and clinical
features available at admission, which may be an easyto-use tool for physicians to evaluate the prognosis and
treatment outcome in HIV/TB co-infected patients. The
model was also applicable for predicting the death of
end-stage HIV/TB patients within a 12 months period
after discharge.
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Methanol extract of Lonicera caerulea var. emphyllocalyx fruit
has antibacterial and anti-biofilm activity against Streptococcus
pyogenes in vitro
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Summary

Streptococcus pyogenes causes several infectious diseases such as tonsillitis, cellulitis, and
streptococcal toxic shock syndrome. As antibiotics are used for the general treatment of S.
pyogenes infection, cases of treatment failure due to drug-resistant bacteria have increased.
Lonicera caerulea var. emphyllocalyx (LCE) has been used as a folk medicine in northern
Japan (Hokkaido). In this study, we investigated the antibacterial effect of methanol extracts
of the fruit, stem, and leaf of LCE (LCEEs) against S. pyogenes using disk diffusion assay.
As LCEE (fruit) had the strongest antibacterial activity among the three LCEEs, we focused
on functional analysis of antibacterial effects of LCEE (fruit). LCEE (fruit) suppressed the
growth of S. pyogenes in a dose-dependent manner. Morphological analysis by transmission
electron microscopy demonstrated that LCEE (fruit) damaged the shape of S. pyogenes.
Microplate and confocal laser microscopy analysis showed that biofilm formation was also
suppressed by LCEE (fruit) in a dose-dependent manner. To further evaluate the surface
structure of these biofilms, we performed hydrophobic analysis, which demonstrated that
LCEE (fruit) reduced the hydrophobicity of the bacterial surface structure. Our data
demonstrated that LCEE (fruit) had anti-bacterial and anti-biofilm effects on S. pyogenes in
vitro, suggesting that the direct anti-bacterial effects of the LCEE (fruit) may be useful for
treatment of local S. pyogenes infection.
Keywords: Lonicera caerulea var. emphyllocalyx, fruit, Streptococcus pyogenes, anti-bacterial
effect, anti-biofilm effect

1. Introduction
Streptococcus pyogenes is a common gram-positive
virulent bacterium (1). Because S. pyogenes contains
various virulent factors such as streptolysin O,
streptolysin S, NADase, and SpeB protease, it causes
various types of infectious diseases such as pharyngitis,
tonsillitis, nephritis, cellulitis, and necrotizing fasciitis
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(1). Because the antibiotic resistance rate of S. pyogenes
has been gradually increasing worldwide (2,3),
identification of novel anti-S. pyogenes therapies is of
great importance.
Lonicera caerulea var. emphyllocalyx (LCE)
belongs to the honeysuckle family (Caprifoliaceae)
and the honeysuckle genus, which is best-known
for having edible berries (4). LCE is distributed in
northern temperate zones such as the northern part of
Japan (Hokkaido) and the northern part of the Eurasian
continent (4). LCE is cultivated commercially in Japan,
Canada, and Russia (4).
LCE berries contain several beneficial phytochemicals,
including carbohydrates, lipids, proteins, sugar, organic
acids, vitamins, and mineral such as iron, magnesium,
phosphorus, calcium, and potassium (5). They also
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contain phenolic acid, anthocyanins such as cyanidin
3-O-glucoside, flavonoids, and caffeic acid (5). LCE
berries have anti-tumorigenic, antimicrobial, antiinflammatory, and anti-mutagenic properties (6).
In Japanese traditional Kampo medicine and
traditional Chinese medicine, the flower bud, stem,
and leaf of Lonicera japonica are formulated into
prescriptions for treatment of febrile common cold (7),
joint pain (8), and severe viral diseases (9,10). In their
countries of origin, honeysuckle plants have also been
used as folk medicines, and fresh honeysuckle fruit
juice has been used as a general strengthening drink and
as a treatment for tonsillitis (11).
Owing to the increasing interest in the use of plants
belonging to the honeysuckle family as herbal products,
various studies have investigated the therapeutic effects
of honeysuckle berries for prevention of a range of
diseases (12-14). However, the mechanisms of action of
honeysuckle berries has not been characterized. In this
study, we hypothesized that LCE, a plant belonging to
the Lonicera genus, may exert anti-microbial activity.
Furthermore, we evaluated whether LCE is a novel
candidate agent for anti-S. pyogenes therapy.
2. Materials and Methods
2.1. Preparation of samples
LCE was harvested in a field located in Atsuma-Town,
Hokkaido, northern part of Japan. Voucher specimens
were kept at the Department of Pharmacognosy,
Graduate School of Pharmacognosy, Nagoya City
University. Six hundred thirty-three grams of the fruit
(fresh), 5.6 g of the leaf (dried), and 20.9 g of the stem
(dried) were soaked in 2 L, 500 mL, and 500 mL of
MeOH (Fujifilm Wako Pure Chemical, Osaka, Japan),
respectively, and allowed to incubate for 72 h at room
temperature. Following paper filtration, equal amounts
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of MeOH were added to the residues, and the mixtures
were allowed to incubate for 72 h. After filtration,
each filtrate was combined, evaporated under reduced
pressure, and then lyophilized. The weights of the
LCE extracts (LCEEs) after lyophilization were 79.8 g
(fruit), 1.33 g (leaf), and 0.686 g (stem). The extraction
efficiencies were 12.6% (fruit), 23.8% (leaf), and 3.28%
(stem). LCEEs of fruit, leaf, and stem were dissolved
and suspended at a concentration of 200 mg/mL in
water, 40% DMSO(Fujifilm Wako Pure Chemical), and
20% DMSO, respectively, and stored at –20°C.
Chromatographic signatures of LCEE (fruit) were
created as follows. Ten milligrams of LCEE (fruit)
was suspended in 1 mL of MeOH and centrifuged at
1.5 × 10 3 × g for 5 min. Twenty-five microliters of
the supernatant was injected onto an HPLC with the
following operating conditions: system: Shimadzu LC10AVP; column: TSK-GEL ODS-80TS (4.6 × 250 mm,
Tosoh, Tokyo); mobile phase: 0.05 M AcOH-AcONH4
buffer (pH 3.6) (Fujifilm Wako Pure Chemical)/CH3CN
(Fujifilm Wako Pure Chemical) 90:10 (0 min) – 45:55
(40 min), linear gradient; flow rate: 1.0 mL/min;
column temperature: 40°C; and detection wavelength:
245-600 nm using a photodiode array detector (Figure
1). Cyanidin 3-O-glucoside was purchased from Tokiwa
Phytochemical (Sakura, Japan). LCEE (fruit) (5 µg)
and cyanidin 3-O-glucoside (28.8, 57.5, and 115 ng)
were injected onto the HPLC system described above,
and absorbance was monitored at 520 nm. The retention
time of cyanidin 3-O-glucoside was 9.0 min. The range
of cyanidin 3-O-glucoside was calibrated by analyzing
peak response using the least-squares method (r 2 =
0.997), and the concentration of cyanidin 3-O-glucoside
in LCEE (fruit) was calculated as 1.12% (w/w).
2.2. Bacterial strains
S. pyogenes 1529 was isolated from a patient with

Figure 1. 3D-HPLC profile of LCEE (fruit). Fingerprint analysis of LCEE (fruit) was conducted as described in the Materials
and Methods section. Cyanidin 3-O-glucoside was identified by comparison with the retention time and UV spectrum of its
standard.
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streptococcal toxic shock in Japan (15). A fresh colony
was inoculated overnight on Trypticase soy agar with 5%
sheep blood (Nippon Becton Dickinson Co., Ltd., Tokyo,
Japan) and cultured for 16 h at 37°C in an atmosphere of
5% CO2. The bacteria were harvested, centrifuged, and
resuspended in sterile phosphate-buffered saline (0.15 M,
pH 7.2, PBS) (Fujifilm Wako Pure Chemical). Bacterial
density was determined by measuring the absorbance at
600 nm (A600). The bacterial suspension was then diluted
with PBS to 1.0 × 109 colony forming units (CFU)/mL
using a standard growth curve to determine bacterial
concentration from A600 values.
2.3. Disk diffusion assay
Disk diffusion assay was performed with some
modifications (3). Sterile paper disks (GE healthcare
Japan, Tokyo, Japan) were impregnated with LCEEs
(7.5 mg/disk) and dried at room temperature. KirbyBauer Disk 'EIKEN' containing penicillin G (10 U =
6 μg/disk) (Eiken Kagaku, Tokyo, Japan) was used
as a positive control. S. pyogenes colonies cultured
overnight on Trypticase soy agar with 5% sheep
blood were collected into Todd Hewitt broth (Difco
Laboratories Inc., Detroit, MI, USA). 1.0 × 109 CFU/
mL of S. pyogenes was inoculated on another Trypticase
soy agar plate with 5% sheep blood. The paper disks
were placed on the plates and were incubated at 37°C
in a 5% CO 2 atmosphere for 24 h. Inhibitory zone
diameters were measured.
2.4. Evaluation of growth in vitro
S. pyogenes (1 × 106 CFU) was cultured in Todd Hewitt
broth with 0.3% yeast extract (Difco) (THY broth)
and LCEE (fruit) at 37°C in an atmosphere of 5% CO2
for 24 h. Turbidity was estimated by measuring the
absorbance at 600 nm.
2.5. Biofilm assay
Biofilm assay was performed with some modifications
(16). Overnight cultures of S. pyogenes (1 × 106 CFU)
were seeded onto 96-well polystyrene plates (Thermo
Fisher Scientific, MA, USA), which were then incubated
in THY broth with or without LCEE (fruit) at 37°C
for 48 h. After removal of the media, the plates were
washed three times with PBS, and adherent bacteria
were stained with 0.2% safranin red (Fujifilm Wako Pure
Chemical) at room temperature for 10 min, after which,
they were gently washed three times with PBS. Each
biofilm was quantitated by measuring the absorbance at
490 nm (A490). Wells incubated without bacteria were
used as blanks. The absorbance of blank wells was
subtracted from the test values. For confocal microscopic
observations, S. pyogenes was grown on glass coverslips
in 24-well polystyrene plates (Thermo Fisher Scientific)

at 37°C for 48 h. After removing the media, the wells
were washed three times with PBS and stained with
fluorescein isothiocyanate isomer (FITC) (Fujifilm Wako
Pure Chemical). Images were collected using an LSM
510 confocal laser microscope (Carl Zeiss, Oberkochen,
Germany). Three-dimensional images were created from
Z-stack images using Imaris software (Carl Zeiss).
2.6. Bacterial morphological investigation
Bacterial morphological analysis using transmission
electron microscopy (TEM) JEM1011J (JEOL, Tokyo,
Japan) was performed with slight modifications
(17). S. pyogenes strains treated with LCEE were
cultured in THY broth for 24 h. For negative staining,
approximately one drop of the bacterial culture was
applied onto a 300-mesh carbon formvar copper grid
(Nisshin EM, Tokyo, Japan). Excess solution was
removed and negative staining was performed using
2% phosphotungstic acid (PTA) (Fujifilm Wako
Pure Chemical). The samples were visualized using
transmission electron microscopy. Digital images were
collected using a Mega View Slow-scan camera (JEOL).
2.7. Analysis of cell surface hydrophobicity
Cell surface hydrophobicity was evaluated using the
hexadecane method with a minor modification (16). S.
pyogenes treated with LCEE (fruit) was grown to the
exponential phase and suspended in PBS, and A600 was
adjusted to 1.0. After addition of 200 μL of n-hexadecane
(Fujifilm Wako Pure Chemical) to 2 mL of bacterial
suspensions in glass tubes, the A600 value of the lower
aqueous phase was measured. Then, the tubes were
vigorously vortexed for 2 min, followed by 10 min
of incubation at room temperature to allow for phase
separation, and the A600 value of the lower aqueous
phase was measured. Hydrophobicity was calculated
using the following equation: percent hydrophobicity =
[1 − (A600 after vortex/A600 before vortex)] × 100.
2.8. Statistical analysis
Statistical analysis was performed using Student's t-test
for two groups, and Bonferroni-Dunnett’s multiple
comparison t-test to evaluate differences among multiple
groups. P-values less than 0.05 were considered
statistically significant.
3. Results
3.1. Evaluation of growth inhibitory effect of LCEE
(fruit) against S. pyogenes in vitro
We evaluated the antibacterial activities of the three
LCEEs (fruit, leaf, and stem) by Kirby-Bauer disk
diffusion assay (Figure 2). Treatment with each
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Figure 2. Antibacterial activities of the extracts of fruit,
leaf, and stem of LCE (LCEEs). (A) Paper disks, 12 cm in
diameter, containing 7.5 mg/disk of LCEEs (fruit, leaf, and
stem) or 6 µg/disk of penicillin G (PCG) were placed on S.
pyogenes cultured on trypticase soy agar with 5% sheep blood,
and incubated for 24 h. Arrows show the inhibitory zones
resulting from LCEEs or PCG. (B) The sizes of the inhibitory
zones were measured. Data were expressed as mean ± S.D.
(n = 6). N.S. not significant, *p < 0.05 and **p < 0.01 by
Bonferroni-Dunnett's multiple t-test.

LCEE on trypticase soy agar with 5% sheep blood
inhibited bacterial growth by forming inhibitory
zones (Figure 2A). Each LCEE showed significant
antibacterial activity against the S. pyogenes 1529
strain. In particular, LCEE (fruit) showed the strongest
antibacterial activity among the three LCEEs (p < 0.01),
as evidenced by the largest inhibitory zone observed
for this extract (Figure 2B). There were no significant
differences in inhibitory zone sizes between 7.5 mg/
disk of LCEE (fruit) and 6 µg/disk of penicillin G.
Thus, we focused on analysis of LCEE (fruit) in further
investigations because LCEE (fruit) had the greatest
antibacterial effect among the three LCEEs. Using the
liquid dilution method to evaluate antibacterial activity,
bacterial growth inhibition by LCEE was measured
after 24 h. As a result, we confirmed that LCEE (fruit)
had inhibited S. pyogenes growth after 24 h in a
concentration-dependent manner (Figure 3).
3.2. Bacterial morphological investigation
To confirm whether bacterial growth inhibition by
LCEE was due to growth arrest or morphological
disruption, we performed morphological analysis of S.
pyogenes treated with LCEE (fruit). Negative staining
analysis revealed that the shape of the bacterial cells
became irregular in response to LCEE treatment. Local
collapse of bacterial cell walls occurred in response to
250 μg/mL LCEE, and cell membrane irregularity and
thinning occurred in response to 500 μg/mL LCEE.
Finally, the cells collapsed and the bacterial contents
were released into the extracellular environment. This
morphological change occurred in a concentrationdependent manner (Figure 4).
3.3. Biofilm analysis by microplate assay and confocal
laser scanning microscopy
Bacteria form biofilms to protect themselves from
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Figure 3. Bacterial growth inhibitory activity of LCEE
(fruit). Numerical values represent extract concentrations.
LCEE (fruit) was added in Todd Hewitt broth, and growth
of S. pyogenes was measured for 24 h at 600 nm. Data were
expressed as mean ± S.D. (n = 6). *p < 0.05 and ** < 0.01 by
Bonferroni-Dunnett's multiple t-test.

Figure 4. Morphological change of S. pyogenes treated
with LCEE (fruit). Representative electron microscopy
image of S. pyogenes cultured for 24 h with or without LCEE
using negative staining.

external stimuli (16). To evaluate whether LCEE (fruit)
could inhibit biofilm formation, S. pyogenes was grown
in THY broth with LCEE (fruit), and the ability to
form biofilm on polystyrene plates was assessed using
safranin red staining. Bacterial biofilms not exposed to
LCEE were stained deep red. In contrast, formation of
biofilms was suppressed by LCEE treatment, resulting in
thinning of the red staining. Thus, a significant inhibitory
effect of LCEE on S. pyogenes biofilm formation was
observed after 48 h (p < 0.01) (Figure 5A). Next, we
evaluated absorbance of safranin red to quantify bacterial
biofilms. LCEE (fruit) at concentrations above 125 μg/
mL significantly inhibited S. pyogenes biofilm formation
(p < 0.01) (Figure 5B). Thus, we confirmed that LCEE
(fruit) inhibited biofilm formation in a concentrationdependent manner. To confirm the results obtained
using safranin red staining, S. pyogenes biofilms treated/
untreated with LCEE (fruit) for 48 h were stained with
FITC dye and visualized using confocal laser scanning
microscopy (Figure 5C). The obtained Z-stack images
were converted into three-dimensional images. The
biofilms formed by the control showed a multi-layered
surface-adhered cluster reflecting a mature biofilm. In
contrast, the LCEE (fruit)-treated strains showed a lack
of biofilm extracellular matrix. Overall, the findings from
safranin red staining and microscopic three-dimensional

www.biosciencetrends.com

149

BioScience Trends. 2019; 13(2):145-151.

Figure 6. Hydrophobicity of S. pyogenes treated with LCEE
(fruit). Cell surface hydrophobicity of S. pyogenes treated/
untreated with LCEE (fruit) in the exponential phase (A600 of
1.0) was determined. The value of the control strain was set at
100%. Data shown represent the mean ± S.D. (n = 6). **p < 0.01
by Student's t-test.

Figure 5. LCEE (fruit) inhibited S. pyogenes biofilm
formation. (A) Image of a microplate. (B) S. pyogenes was
cultured for 48 h with or without LCEE (fruit), and antibiofilm activity of LCEE was quantified by safranin red
adsorption at 490 nm. Data shown represent the mean ± S.D.
(n = 6). **p < 0.01 by Bonferroni-Dunnett's multiple t-test.
(C) 3D analysis of biofilm formation of S. pyogenes treated
with LCEE (fruit). Bacteria were cultured with LCEE (fruit)
under static conditions at 37°C for 48 h in THY. Biofilms
were stained with FITC. Three-dimensional images were
reconstructed from confocal optical sections using Imaris
software.

observations were consistent in showing that LCEE
(fruit) inhibited biofilm formation.
3.4. Bacterial cell surface hydrophobicity
Based on the observation that LCEE altered bacterial
morphology, we hypothesized that LCEE influenced
bacterial surface hydrophobicity. As bacterial cell
surface hydrophobicity affects the formation of
bacterial biofilms (16), we evaluated the hydrophobicity
of the strains using the n-hexadecane method. Surface
hydrophobicity was markedly reduced in S. pyogenes
treated with LCEE compared to that of the untreated
group (p < 0.01) (Figure 6).
4. Discussion
In this study, we demonstrated that LCEE (fruit)

showed antibacterial and anti-biofilm activities. LCEE
(fruit) inhibited bacterial growth and biofilm formation,
and caused bacterial collapse in concentrationdependent manners. Adhesion to host tissues and
biofilm formation are important steps in bacterial
infections (16). A previous study showed that LCEE
(fruit), which is rich in polyphenols, suppressed biofilm
formation of Staphylococcus epidermidis, Enterococcus
faecalis, and Streptococcus mutans (18). This study
did not include S. pyogenes (18). Anthocyanins and
proanthocyanidins have antibacterial properties and can
inhibit adhesion of bacteria to mucosal membranes (19).
Although organic acids such as succinic, malic, lactic,
tartaric, citric, and acetic acid exerted antibiotic activity
against streptococci, synthetic mixtures of organic acids
tested at the concentrations found in wine had greater
antibacterial activity than the beverages, indicating
that in wine, mixed organic acids are inhibited by
other components (20). Since wine is made directly
from fruit, the antimicrobial effects of the organic
acids in LCEE (fruit) may also be inhibited by other
components. Although we did not evaluate the effects
of specific vitamins or minerals on streptococci, several
reports have indicated that anthocyanin and phenolic
acid are involved in the antibacterial effect of LCEE
(4-6,18). Although we used cyanidin-3-glucoside as a
representative component of LCEE when we performed
3D-HPLC analysis (18), we did not evaluate the effects
of cyanidin-3-glucoside on streptococci. Future studies
should focus on the effects of individual components of
LCEE on streptococci. The hydrophobic properties of
bacterial cell surfaces play important roles in host cellbacterium interactions (21). A previous study showed
that plant extracts altered bacterial hydrophobicity by
suppressing the formation of biofilms (22). Similarly,
LCEE (fruit) decreased the cell surface hydrophobicity of
S. pyogenes to approximately 2/3 of the hydrophobicity
of untreated cells. Thus, LCEE (fruit) may exhibit anti-
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biofilm activity. Moreover, reduced hydrophobicity
may increase exposure of bacteria to antibiotics due to
elimination of biofilms.
Several investigations have demonstrated the
antibacterial effects of fruits on S. pyogenes in vitro. A
previous study showed that crude extracts of C. fistula
fruit exhibited moderate to strong antibacterial activity
against S. pyogenes (23). Another study showed that a
novel anti-bacterial peptide, brucin, which is specific to
S. pyogenes was produced from the dried fruit protein
of Brucea javanica (24). A mixture of active peptides
was prepared from the fruit protein in vitro by pepsin
hydrolysis, and its inhibitory activity toward grampositive bacteria was higher than that of penicillin G
and chloramphenicol (24). Other studies showed that
80% ethanol extracts of Moringa oleifera, Limnophila
aromatica, Terminalia chebula, and Phyllanthus
emblica had anti-bacterial activities against human
virulent bacteria, including S. pyogenes (25). Our study
was the first to show that that LCEE (fruit) may be
effective against S. pyogenes.
Several reports have demonstrated the antibacterial
effects of polyphenol compounds contained in LCEE
(fruit) (26). DNA repair mutant gram-negative bacteria
were significantly affected by phenolic compounds
(26). This strain lacks a DNA repair mechanism, and
was therefore expected to be more sensitive than the
wild-type strain to damage caused by mutagenic agents
(26). The chemical group of anthocyanidins, and the
individual compounds quercetin and chlorogenic acid,
suppressed the growth of the DNA repair mutant, but
did not suppress growth of the wild-type (26). These
results suggested that the anti-bacterial activities
of these compounds occurred through interactions
with DNA (26). Furthermore, antimicrobial action
may also occur through genotoxicity. Small phenolic
compounds such as carvacrol and thymol exhibited
bacterial inhibitory effects by disrupting outer
membranes (27). The flavonoid myricetin clearly
inhibited growth of the Lactococcus and Enterococcus
species (28). Based on these results, the degree of
hydroxylation might affect the antimicrobial activity
of pure phenolic compounds (29).
The antimicrobial activities of naturally-occurring
phenols from fermented fruit juices such as wine have
been widely studied (30), but little is known about the
anti-microbial capacity of phenols present in berries.
Cranberry and blueberry extracts rich in anthocyanins
inhibited gram-negative bacteria (26). The antibacterial
properties of cranberry juice have been extensively
demonstrated (31) and these effects may be associated
with inhibition of E. coli adherence to mucosal surfaces
(32). However, berry extracts mainly inhibited the
growth of gram-negative bacteria but had no effects on
gram-positive bacteria (25). The anti-bacterial effects
of LCEE (fruit) against S. pyogenes, a gram-positive
bacterium, may distinguish these extracts from other
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berries. Furthermore, the bacterial morphological
changes induced by LCEE (fruit), as evaluated by
electron microscopy, were similar to those observed
with cranberries (33).
Phenolic compounds affected the growth of
different bacterial species by different mechanisms,
which are not well-understood. Anti-adhesion may
also be a mechanism of antimicrobial activity of berry
compounds. Future studies should be performed to
improve the understanding of these antimicrobial
mechanisms.
5. Conclusions
In summary, LCEE (fruit) exerted anti-bacterial and
anti-biofilm effects on S. pyogenes in vitro. Based on
these results, the direct antibacterial effects of LCEE
(fruit) may be useful for topical therapies, such as
gargling. We propose that LCEE (fruit) is a novel
therapeutic candidate for treatment of diseases resulting
from S. pyogenes infections.
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Summary

The objective of this study is to evaluate the predictive value of sperm DNA fragmentation
Index (DFI) in unexplained recurrent spontaneous abortion (RSA) and to investigate its
correlation with conventional sperm parameters. Besides, we aimed to reveal the necessity of
establishing a DFI clinical threshold of each laboratory for the prognostic diagnosis of RSA
and establish our own DFI threshold. Semen samples were collected from male partners of
RSA patients (n = 139) and healthy recent fathers (control, n = 200). DFI was tested using
SCSA and conventional semen analysis was performed using an automatic semen analyzer.
The DFI value and distribution were compared between the two groups using corresponding
statistical software. The diagnostic threshold value was established by ROC curve. The
correlation between DFI and the conventional semen parameters of the 139 cases was further
analyzed using Student's t test and Mann-Whitney U test. Our result showed that DFI was
significantly higher in RSA patients compared with normal donor controls. We established
our own DFI threshold at 13.59%. There was only a weak partial correlation between DFI
values and conventional sperm analysis parameters. Our present study suggested that
DFI might be used as a valuable predictor for RSA independent of conventional sperm
parameters. Additionally, we recommend that each laboratory should establish its own
clinical DFI threshold for more precise prediction of RSA and we recommend that sperm
DNA fragmentation test should be included in complete sperm quality assessment in addition
to conventional semen analysis for RSA male partners.
Keywords: Recurrent spontaneous abortion (RSA), sperm DNA fragmentation (SDF), DNA
fragmentation index (DFI), Sperm Chromatin Structure Assay (SCSA), high DNA stainability
(HDS), semen analysis
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Recurrent spontaneous abortion (RSA) is a pregnancy
complication whose etiology is still unclear. There
have been many controversies regarding its diagnosis
and treatment, but there is a general agreement that
the incidence of RSA involves combined pathogenic
factors from both males and females of the infertile
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couples. For decades, the initial diagnostic investigation
of male fertility relies only on conventional semen
analysis, which mainly includes sperm count, vitality,
motility, and morphology according to World Health
Organization (WHO) manual. No doubt that these
parameters are closely relevant and important for the
diagnosis of subfertility, which might be the cause of
RSA. However, these parameters addressed only a few
aspects of sperm quality and function, while in fact, an
estimated 15-40% of males with normal conventional
semen analysis results are nonetheless associated with
infertility (1-3), or still suffer from repeated abortions.
Thus, new tests for RSA male partners would be
clinically useful.
In the past few decades, the role of sperm DNA
integrity on fertility, embryo development, embryo
quality, implantation and pregnancy has gained a lot
of attention. As reported, fertilization of oocytes with
spermatozoa that have damaged DNA could potentially
lead to reduced fertilization rates, poor embryo quality,
as well as higher rates of spontaneous miscarriage
(4,5). Also, the correlation between sperm DNA
fragmentation (SDF) and recurrent pregnancy loss has
been illustrated by many studies. Several studies have
demonstrated a significantly higher DNA fragmentation
index (DFI) in couples with RSA than in controls (68). However, although there are already considerable
data supporting the clinical use of SDF tests, there
are controversies regarding the exact value of DNA
integrity in diagnostic and prognostic evaluation of
RSA patients because some studies found no obvious
differences in SDF level between RSA patients and
healthy recent fathers (9). Some studies even denied
that DNA fragmentation is one of the possible causes
of RSA (9,10). Thus, so far in China, only a few
laboratories have implemented sperm chromatin
integrity testing and adopted SDF as a routine scanning
item to evaluate male's fertile capability. Therefore,
more studies verifying the value of SDF testing in RSA
couples are needed.
Despite some opposition, SDF has been proposed
as a useful indicator for demonstrating the underlying
causes of RSA and adopted as a scanning item in
a few laboratories for male infertility, low assisted
reproduction technology (ART) pregnancy rate,
recurrent miscarriage and even severe adverse
o u t c o m e s o f t h e o ff s p r i n g s u c h a s c a n c e r o r
neurological disorders (11-13). A variety of SDF
detecting assays have been developed in the past few
decades (14-16) but are limited in widespread use
due to the inconsistent DFI threshold among different
assays, the lack of standardized operation procedures
and the lack of quality control among laboratories
(17). Sperm chromatin structure assay (SCSA), firstly
described by Evenson and his coworkers in 1980 (18)
and improved later (19,20), has been recommended as
a relatively independent and reliable assay in China

because of its better sensitivity, stability and accuracy.
DFI clinical threshold values using SCSA with regard
to fertility have been proposed and established in some
laboratories (20). However, the DFI thresholds reported
are inconsistent and conflicted (8). To our knowledge,
for the laboratories in China that have implemented
SDF testing for male fertility assessment, most of
them just adopt the DFI cutoff value offered by the
commercial kit producer which is usually 15%. We
hold the opinion that to use SDF testing more precisely
in clinical practice, it is essential to establish a reliable
clinical threshold value for each laboratory, which may
reduce possible diagnostic error.
We expect to better illustrate these problems through
our present study. Our work was comprised of the
following parts. Firstly, we intended to reveal the clinical
significance of using SDF test as a tool in evaluation of
male fertility in RSA couples. Secondly, we aimed to
investigate and establish the DFI clinical cutoff value of
our laboratory, hoping to be helpful in establishment of
a reference value for RSA male patients in Chinese Han
population. Lastly, we further analyzed the correlation
between DFI values and conventional semen analysis
parameters to investigate the possible value of its future
integration into routine clinical practice.
2. Materials and Methods
2.1. Patients and data collection
Patient data collection was approved by the Ethics
Committees of Obstetrics & Gynecology Hospital
affiliated to Fudan University. A total of 139 RSA
couples were enrolled in this study. Written informed
consent was obtained from all cases. The 139
RSA couples were collected from the reproductive
immunology clinic and recurrent miscarriage specialist
clinic from October 2017 to March 2018. Patients
inclusion criteria included a history of at least two
unexplained first trimester recurrent spontaneous
abortion and all the known female causes of recurrent
pregnant loss were ruled out, and only idiopathic
recurrent miscarriage cases were recruited. In brief,
the female partner of couples enrolled was physically
healthy with regular menstrual cycles, normal in
hormonal profiles, and anatomically normal in uterus.
Other causes of RSA like antiphospholipid syndrome
or thrombophilia, metabolic disorders and genital
infections were also screened and ruled out. Only
male partner of each of these females was included
in the following study. Both males and females of the
couples had normal karyotype with no family history
of physical diseases. Patients with other confounding
factors such as varicocele, antioxidant intake, bad
habits like excessive drinking and smoking, which may
affect DNA damage levels were ruled out. The age of
enrolled patients all ranged from 20 to 40 years old and
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were age matched with normal controls.
2.2. Sample Collection and analysis
The 139 male's fresh semen samples were obtained
by masturbation at our laboratory in a sterile plastic
container after 3-7 days of sexual abstinence. After
liquefaction at room temperature, conventional semen
analysis was performed with Weili automatic semen
analyzer 9000 following WHO guidelines (21).
The remaining volume of the semen samples was
cryopreserved until SCSA analysis was performed.
The 200 frozen semen samples from normal control
fertile men were collected and donated by the research
department of Zhejiang Xingbo Biological Technology
Company. All the males included in the control group
had their new born babies within the recent two years
and their sperm quality were qualified according
to the fifth edition of WHO laboratory manual for
examination and processing of human semen.
2.3. SCSA
SCSA is a sensitive technology based on a flow
cytometric technique measuring the susceptibility
of sperm DNA to acid which can induce DNA
denaturation in situ (21). By using SCSA, we can
evaluate sperm DNA fragmentation index (DFI) and
detect spermatozoa with abnormal sperm chromatin
structure consisting of abnormal nuclear proteins which
is described as high DNA stainability (HDS). We
performed SCSA by using a commercial kit produced
by Zhejiang Xingbo Biological Technology Company
according to standard procedure (20,22,23). The sperm
count (× 106/mL) was adjusted with buffer A (comprised
of Tris-HCL, NaCl, EDTA) in the kit according to the
requirements for SCSA. Briefly, the sperm count was
adjusted to 1-2 × 106/mL and was prepared in a total
of 100 uL. Then, 200 uL buffer B (comprised of HCL,
NaCl, Triton X-100) was added to the tube. After 30
seconds, sperm cells were stained by adding 600 uL
acridine orange (AO) staining (including Na2HPO4,
EDTA, NaCl). After 3 minutes staining, a total of
10,000 sperm cells were analyzed by flow cytometry
(FACS Calibur, Becton Dickinson). By staining with the
fluorescent dye acridine orange (AO), double stranded
native DNA emits green fluorescence, while fragmented

single stranded DNA emits red fluorescence. The
data was obtained from a specific dedicated software
offered by the Xingbo Corporation. The extent of DNA
denaturation is indicated by the percentage of sperm
containing fragmented DNA after acid treatment, that
is, shifting from green fluorescence to red fluorescence
after an acidic treatment (7,18,22,24). A scatter plot
was created, DFI was expressed as ratio of red to total
(red plus green) fluorescence, that is, the ratio of sperm
with denatured DNA over total sperm. The percentage
of sperm with high DNA stainability (HDS) in each
sample was also recorded from the graph plot.
2.4. Statistical analysis approach
Statistical analysis was performed using the Statistics
Package for the Social Sciences software (SPSS),
version 23.0. The classification data was represented
by frequency and percentage. Chi-square test was used
for group comparisons. The normality test was firstly
conducted for the measurement data. If the normal
distribution was satisfied, the data was represented
as X (Mean) ± S (standard deviation). The t test of
independent sample data was used for comparison
between the two groups. Where the normal distribution
was not satisfied, the median and quartile numbers were
used to represent it. Kruskal-wallis H test was used for
comparison among multiple groups, and Mann-Whitney
U test was used for pairwise comparisons. Receiver
operating characteristic (ROC) curve analysis was
applied to evaluate the ability of DFI to differentiate RSA
patients from controls, by calculating the corresponding
truncation value, sensitivity and specificity. In this study,
a bilateral test was used, and p < 0.05 was considered
statistically significant. The correlation between DFI and
semen parameters was determined by using Pearson's
correlation coefficient. The level of significance was
established at 95% of the confidence interval in order to
be considered statistically significant.
3. Results
DFI median and range values as well as its comparison
between 139 RSA semen samples and 200 normal
controls are shown in Table 1. The results showed
that the DFI median of RSA male partner was 13.84%
(ranged 10.38-23.57%), which was significantly higher

Table 1. Comparison of sperm DNA fragmentation (DFI) between fertile controls and RSA male partners and distribution
percentage of different levels of DFI in both groups
Parameter Category
DFI (%)
< 15%
15-30%
> 30%

Normal controls (n = 200)

RSA male partners (n = 139)

Chi-square

p

9.86 (8.45-11.11)
187 (93.5%)
13 (6.5%)
0 (0.0%)

13.84 (10.38-23.57)*
74 (53.2%)*
47 (33.8%)*
18 (12.9%)

56.389
83.354
95.635

< 0.001
< 0.001
< 0.001

DFI values are presented as median(range); *compared with normal controls, p < 0.05 and considered statistically significant.
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Figure 1. Florescent plots of two semen samples using SCSA. (A, B) Green fluorescence represents sperm with complete DNA,
and red fluorescence represents sperm with fragmented DNA. X-axis: fluorescence intensity; Y-axis: sperm count; (C) Scatter
diagram of sperm by SCSA, X-axis represents red fluorescence emitted from sperm with fragmented DNA and Y-axis represents
green fluorescence emitted from sperm with complete DNA. Upper row: florescent plot of a semen sample from control group with
DFI value of 5.7%; Lower row: florescent plot of a semen sample from RSA patient with DFI value of 17.1%.

Figure 2. Receiver operating characteristics curve (ROC)
analysis of DFI in RSA male patients to normal control
group. ROC curve analysis of sperm DFI to diagnose male
related RSA. DFI cutoff value: 13.59%; AUC (area under
curve): 0.752; 95% CI (confidence interval): 0.697-0.801;
sensitivity: 66.27%; specificity: 81.00%.

than that of normal controls, which was 9.86% (range
8.45-11.11%). Analysis of the three DFI level groups
showed that the percentage of males with DFI < 15%
was significantly higher (p < 0.001) in the control
group (93.5%) than in RSA groups (53.2%). While on
the contrary, for the other two DFI level groups (1530% and > 30% respectively), RSA couples showed a

significantly higher percentage than the fertile controls.
Figure 1 is a schematic diagram of a sperm
fluorescent histogram plot from a normal male and
a male patient by using SCSA and software fitting.
The DFI was 5.7% and 17.1% respectively. Receiver
operating characteristics curve (ROC) analysis of DFI
in RSA patients compared to normal control group is
shown in Figure 2. The DFI cut-off value with highest
sensitivity and specificity for diagnosing RSA patients
was found at 13.59%. When the threshold level 13.59%
was used in RSA patients, the sensitivity and specificity
was estimated as 66.27% and 81.00% respectively.
The correlation between DFI tested by SCSA and
conventional seminal parameters was also analyzed. The
139 patients were divided into two groups, defined by
the DFI threshold level of 13.59% (< 13.59% group vs ≥
13.59% group). Student's t-test was applied to compare
the two groups, and p < 0.05 was considered statistically
significant. Non-normal distribution data is expressed
as median (range). We found a significant difference in
abstinence days and progressive motility (p < 0.05) but
not sperm count, viability or normal morphology rate (p
> 0.05) between the two groups (Table 2).
DFI and HDS were compared between different
groups in four semen analysis parameters and are
shown in Table 3. The parameters included abstinence
days, sperm count, viability and progressive motility.
Comparison of DFI and HDS levels among three
groups classified by abstinence days showed that when
comparing > 7 days of abstinence group with 3-7 days
and < 3 days group, there was a tendency of decrement
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Table 2. Comparison of conventional seminal parameters in RSA husbands with different DNA fragment levels divided by
the threshold value (13.59%) of sperm DFI
Semen parameters
Abstinence days
Sperm count (× 106/mL)
Viability (%)
Progressive motility (%)
Normal morphology (%)

Sperm DFI < 13.59% group, n =76

Sperm DFI ≥ 13.59% group, n = 63

Z/t

p

4.00 (3.00-5.00)
52.22 (24.45-78.40)
48.02 ± 18.76
37.56 ± 14.31
80.00 (70.00-80.00)

5.00 (4.00-7.00)
65.05 (33.49-97.75)
42.97 ± 20.82
32.01 ± 15.63
75.00 (65.00-80.00)

- 3.012
- 1.658
1.376
1.997
- 1.686

0.003*
0.097
0.172
0.048*
0.092

*p < 0.05 was considered statistically significant.

Table 3. Comparison of DFI and HDS levels of groups classified by different situation of conventional parameters
Items
Abstinence days
< 3 days
3-7 days
> 7 days
Sperm count (× 106/mL)
< 15
≥ 15
Viability (%)
< 58
≥ 58
Progressive motility (%)
< 32
≥ 32

p value

HDS (%)

10.36 (5.62-13.66)
12.29 (8.71-18.54)
18.31 (12.54-25.99)

0.043#
0.026*

7.06 (4.58-8.75)
6.29 (4.62-8.96)
4.44 (3.28-5.23)

0.678
0.052

8.89 (7.61-13.29)
13.19 (8.83-20.51)

0.038

6.41 (4.45-9.51)
5.91 (4.51-8.37)

0.618

10.38 (8.89-19.20)
9.36 (8.30-17.43)

0.162

6.30 (4.60-8.43)
5.63 (3.88-8.28)

0.216

15.41 (10.55-21.72)
10.56 (8.30-15.76)

0.002

6.41 (4.95-9.81)
5.63 (4.36-7.59)

0.085

DFI (%)

p value

p < 0.05 was considered significant; *> 7 days group compared with < 3 days group, p < 0.05; #> 7 days group compared with 3-7 days group, p < 0.05.

in DFI and the differences were significant (p < 0.05),
while comparison of HDS showed no significance
(Table 3). To our surprise, sperm count < 15 × 106 group
showed a significant lower median DFI level compared
with ≥ 15 × 106 group, which was 8.89% (range 7.61%13.29%) and 13.19% (range 8.83%-20.51%) respectively
(p < 0.05), while there was no significant difference of
HDS level between the two groups. We analyzed the
possible relationship between sperm DNA fragmentation
and conventional sperm parameters of sperm viability
and progressive motility. Neither DFI nor HDS levels
showed significant difference (p > 0.05) between two
groups classified by 5th WHO standard of 58% for sperm
viability (%) by using SCSA. As for the comparison
of DFI and HDS levels between two groups classified
by sperm progressive motility rate [PR(A + B)%] of
32%, the result showed a significant (p < 0.05) positive
relationship between sperm DNA integrity and sperm
progressive motility rate. However the result showed no
significant difference (p > 0.05) in HDS level between
the two groups.
Correlation between DFI and different WHO semen
parameters was analyzed and calculated, as shown
in Table 4. According to our results, abstinence days
significantly positively correlated with DFI while sperm
viability, progressive motility and normal morphology
rate significantly negatively correlated with DFI (p
< 0.05). There appeared to be no significant relation
between DFI and sperm counts.

Table 4. Correlation analysis between semen parameters
and DFI in 139 RSA group samples
Items
Abstinence days
Sperm count (×106/mL)
Viability (%)
Progressive motility (%)
Normal morphology (%)

r

p

0.332
0.157
- 0.194
- 0.266
- 0.248

0.000*
0.092
0.037*
0.004*
0.009*

p < 0.05 was considered statistically significant; r = correlation
coefficient.
*

4. Discussion
The etiology of reduced semen quality remains
unexplained. Sperm DNA or chromatin damage
has been reported as mainly linked to abnormal
or incomplete chromatin packaging during
spermatogenesis, abortive apoptosis and oxidative
stress induced by releasing of reactive oxygen species
(ROS) (25,26). The oxidative damage is associated with
exposure to a variety of genotoxic risk agents including
environmental exposure, diseases, life styles, and et
al. (1,27,28). Sperm that lacks antioxidants and DNA
repair systems, as well as DNA repair from oocytes or
early embryo are vulnerable to DNA strand damage.
Although their correlation was not always found
statistically significant, numerous studies tended to
believe that a high level of SDF is a deleterious factor
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for achieving and sustaining term pregnancies (1).
A significant negative correlation between sperm
DNA damage and embryo quality has been elucidated
in vitro and in vivo (29) and high DFI has proven to be
associated with increased miscarriage rate (19,30). The
high degree of DNA fragmentation may not necessarily
affect fertilization rates, but may result in subsequent
miscarriage. From the present work we perceive that
patients diagnosed with male caused RSA have a
significantly higher level of DFI compared to normal
controls (Table 1). Thus, our study further supports the
value of SDF testing used in clinical investigation for
male caused RSA.
According to the former report, when DFI is higher
than 20%, the chance of obtaining a natural pregnancy
is decreased, and close to zero when DFI is over 3040% (31). It's now widely accepted that sperm with DFI
> 15% (percentage offered by most commercial kits)
is not ideal and patients with DFI > 30% are at higher
risk of infertility regardless of whether they conceive
via natural conception or ART. However, there is still
no specific diagnostic threshold for specific infertility
circumstances such as RSA. Besides, different ethnic
population and different reagents or instruments used
in different laboratories may be factors affecting
the diagnostic accuracy of DFI results. Therefore, it
is necessary for the laboratory to establish its own
diagnostic threshold. According to our present work,
we defined our own cutoff value as 13.59% using
SCSA and its sensitivity and specificity was evaluated
as 66.27% and 81.00%, respectively (Figure 1). Both
the sensitivity and specificity of the DFI threshold were
not very ideal, indicating that DFI is only one of the
determinants which are important for the underlying
causes of RSA.
It was shown that 25-40% of infertile men may
have normal sperm characteristics according to
WHO criteria, but with DFI > 20-30% (32,33). Thus,
controversies regarding the correlations between DFI
and conventional semen parameters exist. Several
studies reported a weak-to-moderate inverse correlation
between DFI and sperm count, motility, vitality and
morphology (19,34). Our correlation study of 139 RSA
cases showed a positive correlation between DFI level
and abstinence days. This may be related to various
adverse factors such as ROS on sperm DNA integrity
during sperm's transmission to the epididymis. Our
results also revealed an only weak negative correlation
between DFI and viability, motility and normal
morphological rate (Table 4). Since 'normal' sperm
defined by conventional semen analysis may still carry
fragmented DNA, we propose that sperm DNA integrity
should be included in sperm quality tests and used as a
parameter independent of conventional semen analysis.
HDS provides information on chromatin
condensation associated with sperm cell immaturity.
High HDS rate have negative effects on pregnancy and

has been proven to be an effective indicator of possible
spontaneous abortion in assisted reproduction, and the
correlation between HDS > 15% and low fertilization
rates in IVF was found (19,31). However, in our study,
we found no significant difference of HDS between
groups classified by routine semen parameters. In the
future research, it is expected to enlarge the study sample
size and further explore the relationship between HDS
and fertility.
In summary, we conclude that DFI level of RSA
males is significantly higher than that of normal
controls which is accordance with some previous
reports (2,7,35). We strongly recommend the use of
SDF testing besides routine semen analysis to assess a
male's fertility more comprehensively. We established a
DFI threshold value of 13.59% for our own laboratory,
which should be helpful for the establishment of a
reference value of Chinese RSA patients. According
to our work, lowering the DFI values to below the
threshold of 13.59% through lifestyle management or
medication is expected to increase the success rate of
pregnancy in patients with repeated abortions. More
investigations on the relation between DFI or HDS
levels and pregnancy outcomes on a larger sample size
are still waiting to be carried out. Understanding the
precise mechanism of sperm DNA damage as well as
exploring the corresponding clinical interventions that
give the best chances of full term pregnancy are also of
great importance.
Acknowledgements
This work was supported by grants from the National
Natural Science Foundation of China (no. 31571196
to Ling Wang and no. 30801502 to Ling Wang),
the Program to Guide Medicine ("Yixueyindao") of
the Shanghai Municipal Science and Technology
Commission (no. 18401902200 to Ling Wang and no.
15401932200 to Ling Wang), the Shanghai Program for
Support of Leading Disciplines-Integrative Medicine (no.
20180101 and no. 20150407), the Research Foundation
("CR Sanjiu") of Obstetrics & Gynecology committee
of Chinese Association of Integrated Traditional Chinese
and Western Medicine (CR1901FC01 to Ling Wang),
the Shanghai Committee of the China Democratic
League (no. 02054 to Ling Wang), the FY2008 JSPS
Postdoctoral Fellowship for Foreign Researchers (P08471
to Ling Wang), and the Shanghai Pujiang Program
(no. 11PJ1401900 to Ling Wang). We also appreciate
Huijing Tang and Jing Liu, laboratory technicians from
the Department of Clinical Testing, for their support and
assistance in data collection and analyzing the traditional
semen parameters.
References
1.

Evgeni E, Charalabopoulos K, Asimakopoulos B. Human

www.biosciencetrends.com

BioScience Trends. 2019; 13(2):152-159.

2.

3.

4.
5.

6.
7.

8.

9.

10.

11.

12.

13.

14.

15.
16.

sperm DNA fragmentation and its correlation with
conventional semen parameters. J Reprod Infertil. 2014;
15:2-14.
Lin MH, Kuo-Kuang Lee R, Li SH, Lu CH, Sun FJ,
Hwu YM. Sperm chromatin structure assay parameters
are not related to fertilization rates, embryo quality,
and pregnancy rates in in vitro fertilization and
intracytoplasmic sperm injection, but might be related to
spontaneous abortion rates. Fertil Steril. 2008; 90:352359.
van der Steeg JW, Steures P, Eijkemans MJ, JD FH,
Hompes PG, Kremer JA, van der Leeuw-Harmsen L,
Bossuyt PM, Repping S, Silber SJ, Mol BW, van der
Veen F, Collaborative Effort for Clinical Evaluation in
Reproductive Medicine Study G. Role of semen analysis
in subfertile couples. Fertil Steril. 2011; 95:1013-1019.
Ahmadi A, Ng SC. Developmental capacity of damaged
spermatozoa. Hum Reprod. 1999; 14:2279-2285.
Carrell DT, Liu L, Peterson CM, Jones KP, Hatasaka
HH, Erickson L, Campbell B. Sperm DNA fragmentation
is increased in couples with unexplained recurrent
pregnancy loss. Arch Androl. 2003; 49:49-55.
Ford HB, Schust DJ. Recurrent pregnancy loss: Etiology,
diagnosis, and therapy. Rev Obstet Gynecol. 2009; 2:7683.
Absalan F, Ghannadi A, Kazerooni M, Parifar R,
Jamalzadeh F, Amiri S. Value of sperm chromatin
dispersion test in couples with unexplained recurrent
abortion. J Assist Reprod Genet. 2012; 29:11-14.
Khadem N, Poorhoseyni A, Jalali M, Akbary A,
Heydari ST. Sperm DNA fragmentation in couples with
unexplained recurrent spontaneous abortions. Andrologia.
2014; 46:126-130.
Coughlan C, Clarke H, Cutting R, Saxton J, Waite S,
Ledger W, Li T, Pacey AA. Sperm DNA fragmentation,
recurrent implantation failure and recurrent miscarriage.
Asian J Androl. 2015; 17:681-685.
Bellver J, Meseguer M, Muriel L, Garcia-Herrero
S, Barreto MA, Garda AL, Remohi J, Pellicer A,
Garrido N. Y chromosome microdeletions, sperm DNA
fragmentation and sperm oxidative stress as causes of
recurrent spontaneous abortion of unknown etiology.
Hum Reprod. 2010; 25:1713-1721.
Basar MM, Kahraman S. Clinical utility of sperm
DNA fragmentation testing: Practice recommendations
based on clinical scenarios. Transl Androl Urol. 2017;
6:S574-S576.
Spanò M, Bonde JP, Hjøllund HI, Kolstad HA, Cordelli
E, Leter G. Sperm chromatin damage impairs human
fertility. The Danish First Pregnancy Planner Study Team.
Fertil Steril. 2000; 73:43-50.
Ribas-Maynou J, Garcia-Peiro A, Fernandez-Encinas
A, Amengual MJ, Prada E, Cortes P, Navarro J, Benet
J. Double stranded sperm DNA breaks, measured by
Comet assay, are associated with unexplained recurrent
miscarriage in couples without a female factor. PLoS
One. 2012; 7:e44679.
Tamburrino L, Marchiani S, Montoya M, Elia Marino
F, Natali I, Cambi M, Forti G, Baldi E, Muratori M.
Mechanisms and clinical correlates of sperm DNA
damage. Asian J Androl. 2012; 14:24-31.
Bungum M, Bungum L, Giwercman A. Sperm chromatin
structure assay (SCSA): A tool in diagnosis and treatment
of infertility. Asian J Androl. 2011; 13:69-75.
Cho CL, Agarwal A, Majzoub A, Esteves SC. Clinical

17.

18.
19.

20.

21.
22.

23.

24.
25.

26.

27.
28.
29.

30.

31.

158

utility of sperm DNA fragmentation testing: Concise
practice recommendations. Transl Androl Urol. 2017;
6:S366-S373.
Chi HJ, Chung DY, Choi SY, Kim JH, Kim GY, Lee
JS, Lee HS, Kim MH, Roh SI. Integrity of human
sperm DNA assessed by the neutral comet assay and its
relationship to semen parameters and clinical outcomes
for the IVF-ET program. Clin Exp Reprod Med. 2011;
38:10-17.
Evenson DP, Darzynkiewicz Z, Melamed MR. Relation
of mammalian sperm chromatin heterogeneity to fertility.
Science. 1980; 210:1131-1133.
Boe-Hansen GB, Fedder J, Ersbøll AK, Christensen P.
The sperm chromatin structure assay as a diagnostic tool
in the human fertility clinic. Human Reproduction. 2006;
21:1576-1582.
Evenson DP, Jost LK, Marshall D, Zinaman MJ, Clegg E,
Purvis K, de Angelis P, Claussen OP. Utility of the sperm
chromatin structure assay as a diagnostic and prognostic
tool in the human fertility clinic. Human Reproduction.
1999; 14:1039-1049.
World Health Organization. WHO laboratory manual for
the examination and processing of human semen. 5th ed.
Geneva : World Health Organization, 2010; pp. 10-44.
Evenson DP, Larson KL, Jost LK. Sperm chromatin
structure assay: its clinical use for detecting sperm DNA
fragmentation in male infertility and comparisons with
other techniques. J Androl. 2002; 23:25-43.
Jurewicz J, Radwan M, Wielgomas B, Sobala W,
Piskunowicz M, Radwan P, Bochenek M, Hanke W. The
effect of environmental exposure to pyrethroids and DNA
damage in human sperm. Syst Biol Reprod Med. 2015;
61:37-43.
Imam SN, Shamsi MB, Kumar K, Deka D, Dada R.
Idiopathic recurrent pregnancy loss: Role of paternal
factors; a pilot study. J Reprod Infertil. 2011; 12:267-276.
Moustafa MH, Sharma RK, Thornton J, Mascha
E, Abdel-Hafez MA, Thomas AJ, Jr., Agarwal A.
Relationship between ROS production, apoptosis
and DNA denaturation in spermatozoa from patients
examined for infertility. Hum Reprod. 2004; 19:129-138.
Talebi AR, Fesahat F, Mangoli E, Ghasemzadeh J, Nayeri
M, Sadeghian-Nodoshan F. Relationship between sperm
protamine deficiency and apoptosis in couples with
unexplained repeated spontaneous abortions. Int J Reprod
Biomed (Yazd). 2016; 14:199-204.
Aitken RJ, De Iuliis GN. On the possible origins of DNA
damage in human spermatozoa. Mol Hum Reprod. 2010;
16:3-13.
Sakkas D, Alvarez JG. Sperm DNA fragmentation:
Mechanisms of origin, impact on reproductive outcome,
and analysis. Fertil Steril. 2010; 93:1027-1036.
Erenpreiss J, Spano M, Erenpreisa J, Bungum M,
Giwercman A. Sperm chromatin structure and male
fertility: Biological and clinical aspects. Asian J Androl.
2006; 8:11-29.
Zhao J, Zhang Q, Wang Y, Li Y. Whether sperm
deoxyribonucleic acid fragmentation has an effect on
pregnancy and miscarriage after in vitro fertilization/
intracytoplasmic sperm injection: A systematic review
and meta-analysis. Fertil Steril. 2014; 102:998-1005
e1008.
Kennedy C, Ahlering P, Rodriguez H, Levy S, Sutovsky
P. Sperm chromatin structure correlates with spontaneous
abortion and multiple pregnancy rates in assisted

www.biosciencetrends.com

159

BioScience Trends. 2019; 13(2):152-159.

reproduction. Reprod Biomed Online. 2011; 22:272-276.
32. Erenpreiss J, Elzanaty S, Giwercman A. Sperm DNA
damage in men from infertile couples. Asian J Androl.
2008; 10:786-790.
33. Zini A, Sigman M. Are tests of sperm DNA damage
clinically useful? Pros and cons. J Androl. 2009; 30:219229.
34. Giwercman A, Richthoff J, Hjøllund H, Bonde JP, Jepson
K, Frohm B, Spano M. Correlation between sperm

motility and sperm chromatin structure assay parameters.
Fertil Steril. 2003; 80:1404-1412.
35. Brahem S, Mehdi M, Landolsi H, Mougou S, Elghezal
H, Saad A. Semen Parameters and Sperm DNA
Fragmentation as Causes of Recurrent Pregnancy Loss.
Urology. 2011; 78:792-796.
(Received December 7, 2018; Revised March 16, 2019;
Accepted March 26, 2019)

www.biosciencetrends.com

160

BioScience Trends. 2019; 13(2):160-167.

Original Article

DOI: 10.5582/bst.2018.01293

Daucosterol induces autophagic-dependent apoptosis in prostate
cancer via JNK activation
Ping Gao1, , Xiaopeng Huang2, , Tingting Liao3, Guangsen Li2, Xujun Yu4, Yaodong You2,*,
Yuxing Huang5
§

§

1

Department of Urology, Hospital of Chengdu University of Traditional Chinese Medicine, Chengdu, China;
Department of Andrology, Hospital of Chengdu University of Traditional Chinese Medicine, Chengdu, China;
3
Department of Endocrinology, Hospital of Chengdu University of Traditional Chinese Medicine, Chengdu, China;
4
Medicine and Life Sciences College, Chengdu University of Traditional Chinese Medicine, Chengdu, China;
5
Department of Neurosurgery, Hospital of Chengdu University of Traditional Chinese Medicine, Chengdu, China.
2

Summary

Plant sterols (phytosterols) have been widely accepted as a natural anti-cancer agent
in multiple malignant tumors. This study was designed to investigate the functions of
daucosterol in prostate cancer progression and its possible molecular mechanisms. Our
results showed that daucosterol inhibited cell proliferation and induced cell cycle arrest.
Moreover, daucosterol treatment obviously promoted apoptosis and autophagy. An autophagy
inhibitor, 3-methyladenine (3-MA) was proved to counteract daucosterol-triggered autophagy,
growth inhibition, and apoptosis, indicating that daucosterol-induced apoptotic response
was dependent on autophagy. Additionally, treatment with daucosterol resulted in increased
phosphorylation of c-Jun N-terminal kinase (JNK). Furthermore, pre-treatment with a JNKspecific inhibitor SP600125 abated daucosterol-elicited autophagy and apoptotic cell death.
Taken together, our findings demonstrated that daucosterol blocked prostate cancer growth at
least partly through inducing autophagic-dependent apoptosis via activating JNK signaling,
providing a promising candidate for the development of antitumor drugs in prostate cancer
treatment.
Keywords: Prostate cancer, daucosterol, cell cycle, apoptosis, autophagy, JNK

1. Introduction
Prostate cancer, the most common non-cutaneous
malignancy in male, ranks second in cancer-related
death among men in the United States in 2016 (1).
Chemoprevention has been generally used as a main
therapy for prostate cancer patients (2). However, high
cytotoxicity and drug resistance greatly limited its
application (3). Hence, it is necessary to identify more
effective therapeutic targets for prostate cancer treatment.
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Natural compounds, multi-targeted and less toxic,
have been found to be involved in the prevention
and therapy of multiple cancers (4,5). Plant sterols
(phytosterols), with similar structural and biological
functions to cholesterol, are able to exert anti-cancer
effects in different tumors through modulation of cell
growth, invasion, metastasis, cell cycle arrest and
apoptosis (6,7). Daucosterol, a β-sitosterol glycoside,
is one of the major phytosterols in higher plants and
extracted from an endemic medicinal plant of Iran, Salvia
sahendica (8). Daucosterol was previously reported
to display anti-inflammatory and immunomodulatory
activities (9-11). Additionally, daucosterol showed
neuroprotective action in in vitro model of ischemia by
activating IGF1 signaling (12). Moreover, daucosterol
could promote neural stem cells proliferation through
regulating multiple genes, especially increasing insulinlike growth factor I (IGF1) expression (13).
In recent years, daucosterol is also proved as
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important regulators in the occurrence and progression
of cancers. A previous report delineated that daucosterol
induced apoptosis in human breast cancer through
regulating PTEN/PI3K/Akt pathway (14). Zeng et
al. disclosed that daucosterol repressed proliferation,
migration and invasion in hepatocellular carcinoma
via Wnt/β-catenin signaling pathway (15). Zhao et
al. discovered that daucosterol suppressed cancer
cell proliferation by triggering autophagy through
reactive oxygen species (ROS)-dependent manner (16).
However, the exact roles and molecular mechanisms
of daucosterol in prostate cancer deserve to be further
investigated.
Apoptosis, type-I programmed cell death (PCD), is
a common mechanism of cancer cell death for various
anticancer drugs (17). Autophagy has a controversial role
in cancer development. It could relieve tumor cell from
nutrient and oxidative stress during the rapid expansion
of cancer, while excessive and sustained autophagy may
result in cell death and tumor shrinkage (18). Many
researchers have highlighted the importance of autophagy
in tumorigenesis and cancer therapy (19,20). Natural
compounds and extracts have been documented as
potential inducers of autophagy through diverse cellular
mechanisms and pathways, thereby leading to cell
senescence, apoptosis-independent death, and apoptotic
death (21,22). Jun N-terminal kinase (JNK), a member of
mitogen-activated protein kinase (MAPK) family, plays
a vital part in many cellular events, including apoptosis
and autophagy (23). JNK signaling has been found to be
implicated in the process of natural product therapy in a
variety of neoplasms (24,25).
In this current study, we elucidated that daucosterol
suppressed cell proliferation, induced cell cycle arrest
and enhanced apoptosis in prostate cancer. Furthermore,
the anti-cancer effect of daucosterol was mediated by
autophagy via JNK signaling.
2. Materials and Methods
2.1. Cell culture
Human prostate cancer cell lines (PC3 and LNCap) were
purchased from Shanghai Institute of Biochemistry and
Cell Biology (Shanghai, China). Cells were maintained
in RPMI1640 medium (Invitrogen, Carlsbad, CA, USA)
containing 10% fetal bovine serum (Invitrogen) and 1%
penicillin-streptomycin (Sigma, St. Louis, MO, USA) at
37°C with an atmosphere of 5% CO2.
2.2. Reagents
Daucosterol was obtained from extractsupplier
Biotechnology (Xi'an, China) and dissolved in DMSO at
10 mM as stock. Autophagy inhibitor 3-methyladenine
(3-MA) was purchased from Sigma and JNK-specific
inhibitor (SP600125) was acquired from Santa Cruz

Biotechnology (Santa Cruz, CA, USA).
2.3. Cell Counting Kit-8 (CCK-8) assay
PC3 and LNCap cells were seeded in 6-well plates (1 ×
105 cells/well) and exposed to different concentrations
of daucosterol (0, 5, 10, 20, 40, and 80 µM) for 48 h.
Then, 10 μl of CCK-8 solution was added and incubated
for another 2 h at 37°C. The absorbance at 450 nm was
determined, and cell viability was normalized as the
percentage of control.
2.4. Cell cycle and apoptosis assay
PC3 and LNCap cells were treated with various
concentrations of daucosterol (0, 5, 10, 20, 40, and
80 µM) for 48 h. For cell cycle analysis, cells were
collected, fixed in 75% ethanol, incubated with 50 μg/mL
propidium iodide (PI) containing 40 μg/mL RNase for 30
min. Subsequently, cell cycle distribution was detected
by a FACSCalibur flow cytometer (BD Biosciences, San
Jose, CA, USA).
After treatment, apoptotic rate was measured using
the annexin-V-FITC/PI apoptosis kit (BD Biosciences)
by a flow cytometry (FACScan; BD Bioscience).
2.5. Western blot analysis
Following daucosterol treatment, cell lysates
were separated on 10% sodium dodecylsulphate
polyacrylamide gel electrophoresis (SDS-PAGE) gel and
then electrophoretically transferred to polyvinylidene
diﬂuoride (PVDF) membranes. Then, the membranes
were sequentially probed with primary antibodies and
peroxidase-conjugated secondary antibody. Finally, the
protein bands were detected by ECL Advance Detection
System (Amersham Biosciences, Piscataway, NJ, USA).
The primary antibodies against cleaved caspase 3,
cleaved caspase 9, Bax, Bcl-2, LC3, Beclin 1, p62, were
purchased from Cell Signaling Technology (Danvers,
MA, USA), and antibodies against p-JNK, JNK and
β-actin were obtained from Santa Cruz Biotechnology.
2.6. Statistical analysis
All experiments were performed at least 3 times and
all data were displayed as mean ± SD. Student's t test
or one-way ANOVA was used to evaluate statistical
difference by GraphPad Prism (GraphPad Software
Inc.). P < 0.05 is considered as statistically significant.
3. Results
3.1. Daucosterol suppressed proliferation in prostate
cancer cells
To explore the effects of daucosterol on prostate
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cancer, PC3 and LNCap cells were treated with various
concentrations of daucosterol for 48 h. CCK-8 assay
manifested that daucosterol inhibited PC3 and LNCap
cell growth in a dose-dependent manner (Figure 1A and
1B). Moreover, flow cytometry analysis demonstrated
that daucosterol treatment resulted in an obvious cell

Figure 1. Daucosterol lowers the proliferation potential of
prostate cancer cells. (A and B) PC3 and LNCap cells were
treated with different concentrations of daucosterol (0, 5, 10,
20, 40, and 80 µM) for 48 h, then cell viability was assessed by
CCK-8 assay; (C and D) Flow cytometry analysis was used to
measure cell cycle distribution in PC3 and LNCap cells after
treatment with various concentrations of daucosterol (0, 20, and
40 µM) for 48 h. *p < 0.05, **p < 0.01.
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cycle arrest at G1 phase in both PC3 (Figure 1C) and
LNCap (Figure 1D) cells. These data suggested that
daucosterol impaired cell proliferation in prostate cancer.
3.2. Daucosterol promoted apoptosis in prostate cancer
cells
To further investigate whether the growth inhibition
elicited by daucosterol was associated with apoptosis,
we evaluated the apoptotic rate of PC3 and LNCap cells
after treatment with different doses of daucosterol for
48 h. Flow cytometry assay displayed that the apoptotic
rate was greatly enhanced in both PC3 and LNCap cells
following daucosterol treatment (Figure 2A and 2B).
Moreover, western blot analysis exhibited a dramatic
increase of cleaved caspase 3, cleaved caspase 9 and Bax
protein expressions, while a prominent decrease of Bcl-2
expression in PC3 and LNCap cells after treatment with
daucosterol (Figure 2C and 2D). Together, these results
indicated that daucosterol exerted anticancer activity at
least partly by facilitating apoptosis in prostate cancer.
3.3. Daucosterol induced autophagy in prostate cancer
cells
Autophagy, type-II PCD, is demonstrated to participate

Figure 2. Daucosterol facilitates apoptosis in prostate cancer cells. (A and B) The apoptotic rate was detected in PC3 and
LNCap cells after treatment with various concentrations of daucosterol (0, 20, and 40 µM) for 48 h; (C and D) Western blot
analysis of cleaved caspase 3, cleaved caspase 3, Bax, and Bcl-1 in PC3 and LNCap cells treated with daucosterol for 48 h. *p <
0.05, **p < 0.01.
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in the regulation of natural products in cancers (26).
Thus, we determined the protein levels of autophagy
markers (LC3, Beclin 1 and p62) in PC3 and LNCap
cells after treatment with different doses of daucosterol
for 48 h. Western blot analysis revealed that daucosterol
treatment resulted in an increase of LC3II/LC3I
ration and Beclin 1 expression, while a decline of p62
expression in PC3 and LNCap cells (Figure 3A and 3B),
supporting the induction of autophagy by daucosterol in
prostate cancer cells.

3.4. Suppression of autophagy weakened daucosterolelicited growth inhibition and apoptosis in prostate
cancer cells
To further analyze whether apoptosis and autophagy
were related or independent events in response to
daucosterol, we examined the effects of daucosterol
on cell proliferation and apoptosis in the presence or
absence of autophagy inhibitor 3-MA. As expected,
3-MA pre-treatment effectively attenuated daucosterol-

Figure 3. Daucosterol induces autophagy in prostate cancer cells. (A and B) The expression levels of LC3II, Beclin 1 and p62
were determined by Western blot in PC3 and LNCap cells following treatment with different concentrations of daucosterol for 48 h.
*p < 0.05, **p < 0.01.

Figure 4. Daucosterol-triggered apoptosis depends on autophagy in prostate cancer cells. PC3 cells were pre-treated with or
without 3-MA (5 mM) for 1 h prior to incubation with 40 µM daucosterol for 48 h, then (A) western blot was used to assess the
protein expressions of LC3II, Beclin 1 and p62, (B) cell viability was detected by CCK-8 assay, (C and D) cell cycle distribution and
apoptosis was examined by flow cytometry. *p < 0.05, **p < 0.01.
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induced autophagy in PC3 cells, presented by reduced
LC3II and Beclin 1 expressions, while enhanced
p62 expression (Figure 4A). Moreover, the growth
inhibition triggered by daucosterol was greatly reversed
in PC3 cells following pre-treatment with 3-MA (Figure
4B and 4C). Further, treatment of PC3 cells with 3-MA
abated daucosterol-induced apoptosis (Figure 4D).
Collectively, the pro-apoptotic effect of daucosterol was
modulated by autophagy.
3.5. Daucosterol induced autophagy in prostate cancer
cells
JNK activation has been found to be involved in
autophagy and apoptosis induced by natural compound
(27). In order to explore the potential molecular basis
of daucosterol in prostate cancer, we firstly determined
the effects of daucosterol on JNK pathway in PC3
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cells. As presented in Figure 5A, daucosterol treatment
significantly increased the level of phosphorylated
JNK. To further confirm whether daucosterol-induced
apoptosis and autophagy require JNK activation, PC3
cells were pre-incubated with or without JNK-specific
inhibitor (SP600125) prior to daucosterol treatment.
The results demonstrated that SP600125 suppressed the
conversion of LC3I to LC3II and Beclin 1 expression,
while enhanced p62 expression in PC3 cells under
daucosterol treatment (Figure 5B), suggesting the
inhibitory effect of SP600125 on daucosterol-induced
autophagy. Moreover, daucosterol-elicited growth
inhibition (Figure 5C), cell cycle arrest (Figure 5D)
and apoptosis (Figure 5E) were alleviated following
SP600125 pre-treatment. From these data, we draw
a conclusion that daucosterol induced autophagicdependent apoptosis in prostate cancer by activating
JNK signaling.

Figure 5. Daucosterol-triggered autophagic-dependent apoptosis by JNK activation in prostate cancer cells. (A) Western blot
analysis of JNK and p-JNK expression in PC3 cells treated with daucosterol at indicated concentrations for 48 h; (B) PC3 cells were
pre-incubated with SP600125 (10 μM) for 1 h prior to treatment with 40 µM daucosterol for 48 h, then (B) western blot was applied
to evaluate the protein levels of LC3II, Beclin 1 and p62; (C) CCK-8 assay was performed to monitor cell viability; (D and E) flow
cytometry analysis was conducted to analyze cell cycle distribution and apoptosis. *p < 0.05, **p < 0.01.
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4. Discussion
Natural products have been discovered as a rich source
for the discovery and development of cancer preventive
and anticancer drugs (28,29). Daucosterol, a β-sitosterol
glycoside, is one of the major phytosterols in higher
plants (30). In this study, we found that daucosterol
exerted tumor-suppressive function in prostate cancer
by inducing autophagic-dependent apoptosis via
activation of JNK.
Daucosterol are reported as an anti-cancer plant
sterol in breast cancer (14), hepatic carcinoma (15)
and gastric cancer (16) by various mechanisms and
pathways. Rajavel et al. also revealed that the presence
of phytosteols (β-sitosterol and daucosterol) significantly
blocked the growth of lung cancer cells both alone
and in combination (31). Wang et al. disclosed that
daucosterol hindered proliferation, enhanced apoptosis,
and inhibited migration and invasion in colon cancer
via regulating caspase signaling (32). In this study, we
firstly found that daucosterol suppressed prostate cancer
cell viability in a dose-dependent manner. Deregulation
of cell cycle progression has been regarded to be
associated with cancer occurrence and development
(33). Moreover, controlling or perturbing the cycle of
tumor cells is an effective method for natural products
to destroying malignant cell proliferation (34). Here, our
results showed that daucosterol treatment resulted in a
dramatic cell cycle arrest.
Apoptosis has been considered as a major mechanism
to exert anti-cancer roles for chemotherapeutic agents
(35). It has been proved that numerous plant-derived
chemotherapy drugs kill cancer cells via inducting
apoptotic cell death (36,37). In the present study, we
demonstrated that daucosterol repressed cell apoptosis
by flow cytometry. Moreover, daucosterol activated the
mitochondria-dependent apoptotic signaling pathway,
leading to increased expression of pro-apoptotic protein
(Cleaved caspase 3, Cleaved caspase 9, Bax) and
decrease expression of anti-apoptotic protein Bcl-2.
These data suggested that daucosterol was cytotoxic to
cells in prostate cancer through facilitating apoptosis.
Autophagy is a homeostatic cellular degradation
process for eliminating damaged or unnecessary
intracellular organelles and proteins in lysome (38).
Autophagy is able to suppress early cancer development
while contribute to advanced tumor progression (39).
Numerous natural compounds have been discovered to
induce cell apoptosis through modulating autophagy
in cancers. For example, natural product peiminine
repressed cell growth in colorectal cancer by enhancing
autophagic cell death (40). Marchantin M promoted
apoptosis in prostate cancer through induction of
autophagy (41). Our results manifested that daucosterol
treatment effectively enhanced autophagy in prostate
cancer cells, indicated by up-regulated LC3II and Beclin
1 expression, while down-regulated p62 expression.

Moreover, autophagy inhibitor 3-MA attenuated
daucosterol-triggered growth inhibition and apoptosis
in prostate cancer cells. These data confirmed that
daucosterol impaired cell growth by contributing to
autophagic-dependent cell death.
It is well known that JNKs are master protein
kinases that modulate a variety of physiological events,
such as inflammatory responses, morphogenesis, cell
proliferation, differentiation, survival and death (42).
Aberrant activation of JNK signaling has been reported
to be associated with tumor progression (43). Our data
exhibited that daucosterol increased the phosphorylation
level of JNK in prostate cancer cells. Moreover, JNKspecific inhibitor (SP600125) inhibited daucosterolinduced autophagy. Furthermore, daucosterol-elicited
growth inhibition, cell cycle arrest and apoptosis were
abated by pre-treatment with SP600125. Together,
daucosterol exerted anti-proliferation effect by inducing
autophagic-dependent apoptosis via activation of JNK
signaling. Consistent with our finding, JNK activation
has been reported to be participate in apoptosis and
autophagy mediated by multiple natural products
(44,45).
In conclusion, our present study demonstrated
that daucosterol inhibited cell proliferation, induced
cell cycle arrest, and promoted autophagic-dependent
apoptosis in prostate cancer. Moreover, the tumorsuppressive effect of daucosterol was at least partly
mediated by JNK activation. Our findings indicated that
daucosterol may be developed as a potential anti-cancer
agent.
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Summary

The study aims to analyze oxidative stress levels in circulation of some reactive molecules
and products of biomolecular modification in type 2 diabetes mellitus (T2DM) with
diabetes-specific vascular complications in order to determine their predictive value. Also,
the alterations of their serum concentration with reference to disease characteristics were
assessed. Reactive oxygen species (ROS), nitric oxide radicals (•NO), malondialdehyde
(MDA), protein carbonyl (CO) and 8-hydroxydeoxyguanosin (8-OHdG) in serum were
measured in 93 patients with T2DM with vascular complications, 94 control subjects and
16 diabetic patients who had no evidence of vascular disease. T2DM patients with clinically
manifest vascular disease exhibit significantly elevated concentrations of all pro-oxidants
in comparison to healthy subjects, with the highest degree of increase of •NO radicals.
The levels of carbonylated proteins, ROS and 8-OHdG were significantly increased in
insufficiently compensated diabetes as compared to good glycemic control state. Also, serum
MDA, protein CO and 8-OHdG showed an association with glycemic control parameters.
MDA, ROS and 8-OHdG correlated mostly with microvascular complications. Significant
area under the curve (AUC) from plotted receiver operating characteristic (ROC) curves
were obtained for all studied biomarkers, as for nitric oxide it was substantially bigger
compared to those for the other pro-oxidants. Correspondingly, positive and negative
predictive values related to the disease were in favor of the •NO radicals. The cutoff values of
oxidative biomarkers may serve as an indicator of clinical reference for detecting T2DM with
associated vascular complications, as nitric oxide radicals were the most reliable indicator.
Keywords: Type 2 diabetes mellitus, diabetes-specific vascular complications, oxidative stress,
pro-oxidants

1. Introduction
Type 2 diabetes mellitus (T2DM) is a metabolic disease
characterized by hyperglycemia and dyslipidemia due
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to pancreatic β-cell dysfunction and insulin resistance.
Usually, insulin resistance of target tissues such as the
liver, muscles and fat stores precedes the onset of T2DM
by many years, resulting in an initial hyperinsulinemia
and followed by a consequent deficiency of insulin
secretion by pancreatic beta cells. Impaired insulin
secretion by the islet cells and impaired insulin action
through insulin resistance are the hallmarks in type
2 diabetes (1). The disease is largely responsible to
macrovascular (coronary heart disease, peripheral
vascular disease and stroke), microvascular (neuropathy,
retinopathy and nephropathy) and both micro- and
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macrovascular (diabetic foot) complications, which are
the main reason for the mortality and morbidity (2).
It has been shown that oxidative stress via the
production of larger amounts of reactive oxygen species
(ROS) is implicated in the progression of insulin
resistance, pancreatic β-cell dysfunction as well as in
vascular degeneration processes and the accelerated
atherosclerosis in T2DM (3,4). The metabolic
abnormalities of diabetes cause mitochondrial superoxide
overproduction in endothelial cells of both large and
small vessels (5). It is considered that not only constant
chronic hyperglycemia but also fluctuating blood
glucose concentrations (6,7) mediates oxidative stress
mechanisms through various pathways under diabetic
condition, namely the nonenzymatic glycosylation
reaction (8), the electron transport chain in mitochondria
and membrane-bound nicotinamide adenine dinucleotide
phosphate oxidase (NADPH oxidase) (9). Once formed,
free radicals – ROS, reactive nitrogen species (RNS),
which are short lived, but highly reactive species trigger
cells damage through interaction with a broad range of
cell components and biological molecules such as lipids
(10), proteins (11) and nucleic acids (12), thus involving
in the pathogenesis of distinct pathological conditions.
The aim of this study was to investigate serum levels
of various biomarkers of oxidative stress: ROS, nitric
oxide radicals (•NO), and those reflecting oxidative
damages to proteins, lipids, and deoxyribonucleic
acid (protein carbonyl groups, malondialdehyde and
8-hydroxy-2'-deoxyguanosine) in T2DM with vascular
complications as compared to healthy subjects, and
to determine their predictive value. Further, we have
explored their alterations and relationships to disease
characteristics.
2. Materials and Methods
2.1. Study subjects
T2DM patients referred to Endocrinology Clinic
of University Hospital "Prof. Dr. St. Kirkovich" in
Stara Zagora, Bulgaria, all fulfilled the WHO criteria
(13) were included. The study population consisted
of 93 type 2 diabetic patients with diabetes-specific
complications, 94 healthy controls with normal
glucose tolerance tests and absence of a history of
either vascular disease or dyslipidemia and 16 newly
diagnosed T2DM patients without manifestations of
vascular disease.
Clinical and medical history data including
obesity based on body mass index (BMI) > 30 kg/
m²; therapy for diabetes, were recorded for each
patient. Patients were defined as having suffered a
cardiovascular event if they had coronary heart disease,
cerebrovascular disease, and/or peripheral artery
disease. Diabetic microangiopathy complications
(neuropathy, retinopathy and nephropathy) were based

on physician diagnosis and/or microalbuminuria,
the earliest marker of renal damage, for the latter. A
venous blood of patients and controls was collected in
the morning after an overnight fasting for lipid profile
analysis. Fasting plasma glucose concentrations (FPG)
and glycated hemoglobin (HbA1c %), representing
an average measure of glycemic exposure over time,
were measured as parameters for glycemic control.
Poor glycemic control was taken at HbA1c values >
7% and FPG > 6.1 mmol/L. Subjects were excluded if
they had a history of malignancy, exacerbated cardiac
and renal failure, any other hormonal illness, diabetic
ketoacidosis, antioxidant supplement intake and/or
current active infection. A written informed consent
was obtained from each participant and the study was
approved by the Ethics Committee.
2.2. Measurement of oxidative markers
2.2.1. Ex vivo electron paramagnetic resonance (EPR)
study
All EPR measurements were performed at room
temperature on an X-band EMXmicro, spectrometer
Bruker, Germany, equipped with standard Resonator.
All EPR experiments were carried out in triplicate and
repeated thrice. Spectral processing was performed
using Bruker WIN-EPR and Sinfonia software.
2.2.2. Ex vivo evaluation the levels of ROS products
The levels of ROS were determined according Shi
et al. (14) with some modification. To investigate in
real time formation of ROS in the sera of patients and
controls was used ex vivo EPR spectroscopy combined
with N-tert-butyl-alpha-phenylnitrone (PBN) as a
spin trapping agent. PBN, upon reaction with unstable
radical such as ROS, forms a relatively stable spin
adducts that can be subsequently detected by EPR
spectroscopy. Briefly, to 100 μL serum was added
900 μL 50 mM PBN dissolved in dimethyl sulfoxide
(DMSO) and after centrifugation at 4,000 rpm for 10
min at 4ºС the EPR spectra were immediately recorded
in the supernatant. The levels of ROS products were
calculated as double integrated plots of EPR spectra
and results were expressed in arbitrary units (arb.
units). EPR setting were as follows: 3503.73 G center
field, 20.00 mW microwave power, 5 G modulation
amplitude, 50 G sweep width, 1 × 105 gain, 81.92 ms
time constant, 125.95 s sweep time, 5 scans per sample.
2.2.3. Ex vivo evaluation the levels of •NO radicals
Based on the methods published by Yoshioka et al. (15)
and Yokoyama et al. (16) we developed and adapted the
EPR method for estimation the levels of •NO radicals
in serum. Briefly, to 50 μM solution of Carboxy.
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2-(4-Carboxyphenyl)-4,4,5,5-tetramethylimidazoline1-oxyl-3-oxide . potassium salt (PTIO.K) dissolved
in a mixture of 50 mMTris (рН 7.5) and DMSO in
a ratio 9:1. To 100 μL serum was added 900 μL Tris
buffer dissolved in DMSO (9:1) after that the mixture
is centrifuged at 4000 rpm for 10 min at 4ºС. 100 μL of
sample and 100 μL 50 mM solution of Carboxy. PTIO
were mixed and EPR spectra of spin adduct formed
between the spin trap Carboxy. PTIO and generated
•NO radicals was recorded. The levels of •NO radicals
were calculated as double integrated plots of EPR
spectra and results were expressed in arbitrary units.
The EPR settings were as follows: 3505 G centerfield,
6.42 mW microwave power, 5 G modulation amplitude,
75 G sweep width, 2.5 × 10 2 gain, 40.96 ms time
constant, 60.42 s sweep time, 1 scan per sample.
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2.3. Statistical analysis

Total amount of lipid peroxidation products in the plasma
of healthy volunteers and patients was estimated using
the thiobarbituric acid (TBA) method of Plaser et al. (17)
which measures the malondialdehyde (MDA) reactive
products at 532 nm, and results were expressed in μmol/L.

Data were analyzed using SPSS version 13.0 (SPSS Inc.,
Chicago, IL, USA). Means with SDs and percentages
were calculated to describe clinical and laboratory
characteristics of the study subjects. Intergroup
comparisons were performed by an analysis of variance
(ANOVA), Kruskal-Wallis and Mann-Whitney U tests.
Proportional differences were tested using the chi-square
(χ²)/ Fisher's exact tests. Pearson's correlation coefficients
were calculated to assess univariate correlations between
the continuous parameters. In the cases, where one of the
samples is measured as dichotomous, the associations
were estimated using the biserial correlation coefficient.
Receiver operating characteristic (ROC) analysis was
carried out for the evaluation of the diagnostic potential
of pro-oxidants for T2DM, associated with vascular
complications. The area under the curve (AUC) was
calculated, as the diagnostic test that approaches 1
indicates a perfect discrimination. Sensitivity, specificity,
positive and negative predictive values according to the
cutoff values of the oxidative stress parameters related
to diabetes with induced by it vascular changes were
calculated. A 2-tailed p values of < 0.05 were considered
statistically significant

2.2.5. Protein Carbonyl Content (PCC)

3. Results

PCC (nmol/mg) was measured by using a commercial
enzyme-linked immunosorbent assay (ELISA) kit
followed manufacturer's instructions. The protein
carbonyls present in the serum sample or standard
are derivatized to 2,4-dinitrophenyl (DNP)hydrazone
and probed with an anti-DNP antibody, followed by a
horseradish peroxidase (HRP) conjugated secondary
antibody. The protein carbonyl content in the serum
sample is determined by comparing with a standard
curve that is prepared from predetermined reduced and
oxidized bovine serum albumin (BSA) standards.

3.1. Cohort description

2.2.4. Determination of Lipid Peroxidation Products
(malondialdehyde)

2.2.6. Quantity of 8-Hydroxy-2′-Deoxyguanosine (8OHdG)
The measurement of 8-OHdG was carried out using
commercial ELISA kit, followed manufacturer's
instructions. The ELISA kit is a competitive enzyme
immunoassay developed for rapid detection and
quantitation of 8-OHdG in serum. The serum 8-OHdG
samples or 8-OHdG standards are coated with BSA
conjugated 8-hydroxyguanine (8-OHG) on a preabsorbed
microplate. After a brief incubation, an anti-8-OHdG
monoclonal antibody is added, followed by a HRP
conjugated secondary antibody. The 8-OHdG content
in serum samples is determined by comparison with a
predetermined 8-OHdG standard curve. The kit has an
8-OHdG detection sensitivity range of 100 pg/mL to 20
ng/mL.

In total, 93 patients with T2DM with diabetes-specific
vascular complications (male: female subjects 1: 1.3)
aged 30 to 88 years, mean age 64.2 ± 9.8 years were
studied. The mean disease duration was 12.7 ± 8.6
years with a range from 1 to 40. Approximately half
of the diabetics (58.1%) were obese. Ninety of all
patients (96.8%) had diabetic neuropathy, 24 (25.8%)
had retinopathy and 7 (7.5%) had nephropathy. The
proportion of patients suffering from coronary heart
disease was 37.6%. Eleven of the patients (11.8%)
had a medical history of cerebrovascular disease.
None of the diabetics was presented with symptomatic
lower extremity arterial disease. The diabetics with
good glycemic control (39 patients) were taking oral
hypoglycemic agents (sulphonylureas and biguanides)
(n =32), as in 6 patient biguanides were combined
with insulin; and 7 patients were on therapy with
insulin alone. In the subgroup of diabetic patients
with poor glycemic control (n =54), 15 were being
treated with oral hypoglycemic agents (sulphonylureas
plus biguanides); 39 were insulin-treated; 21 from
which with the combination of oral drugs (insulin plus
biguanides). Comparison was done with 94 healthy
volunteers, 41 men and 53 women, age range from
35 to 83 years, mean age 56.6 ± 11.2 years. Only 7
(7.4%) from the non-diabetic controls had slightly
increased bogy weight (BMI 31 - 33). Participants were
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Table 1. General characteristic of the study subjects with T2DM with vascular complications versus healthy controls
Variable

Diabetic patients with vascular complications (n = 93)

Controls (n = 94)

p value

64.24 ± 9.76
41/52
12.70 ± 8.65
31.52 ± 5.89
54 (58.1)
9.52 ± 5.18
62 (66.7)
8.20 ± 2.06
53 (57.0)
5.12 ± 1.38
2.43 ± 1.27
1.25 ± 0.38
2.86 ± 1.10

56.57 ± 11.19
41/53
–
25.23 ± 3.52
7 (7.4)
4.97 ± 0.32
0 (0)
5.06 ± 0.27
0 (0)
4.43 ± 0.76
1.52 ± 0.44
1.01 ± 0.28
2.32 ± 0.62

< 0.001
0.948
–
< 0.001
< 0.001
< 0.001
–
< 0.001
–
< 0.001
< 0.001
< 0.001
< 0.001

90 (96.8)
24 (25.8)
7 (7.5)

–
–
–

–
–
–

35 (37.6)
11 (11.8)

–
–

–
–

25 (26.9)
27 (29.0)
41 (44.1)
2.01 ± 0.76
3.27 ± 1.01
8.06 ± 3.81
2.34 ± 1.19
31.22 ± 3.98

–
–
–
1.19 ± 1.28
2.12 ± 0.55
3.23 ± 2.58
1.24 ± 0.51
4.30 ± 5.01

–
–
–
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Age (years), mean ± SD
Sex: male/female
Disease duration (years), mean ± SD
BMI (kg/m²), mean ± SD
BMI > 30 kg/m², n (%)
FPG (mmol/l), mean ± SD
FPG > 6.1 mmol/L, n (%)
HbA1c (%), mean ± SD
HbA1c > 7%, n (%)
Cholesterol (mmol/L), mean ± SD
Triglycerides (mmol/L), mean ± SD
HDL cholesterol (mmol/L), mean ± SD
LDL cholesterol (mmol/L), mean ± SD
Microvascular complications, n (%)
Neuropathy
Retinopathy
Nephropathy
Macrovascular complications, n (%)
Coronary heart disease
Cerebrovascular disease
Therapy, n (%)
Insulin
Insulin + oral hypoglycemic agents
Oral hypoglycemic agents
ROS [arb. unit], mean ± SD
MDA [μmol/L], mean ± SD
Protein CO groups [nmol/mg], mean ±SD
8-OHdG [ng/mL], mean ± SD
•NO radicals [arb. unit], mean ± SD

BMI = body mass index; FPG = fasting plasma glucose; HbA1c = glycated hemoglobin; HDL = high density lipids; LDL = low density lipids;
ROS = reactive oxygen species; arb. unit = arbitrary unit; MDA = malondialdehyde; 8-OHdG = 8-hydroxy-2'-deoxyguanosine; •NO radicals =
nitric oxide radicals.

characteristics of diabetic patients with related vascular
disease versus healthy controls.
3.2. Comparisons of serum levels of pro-oxidants
among study subjects

Figure 1. Comparison of the mean serum concentrations of
the oxidative markers in T2DM patients with and without
vascular complications versus healthy individuals. Shown is
increased oxidative capacity in T2DM patients regardless of the
presence or absence of vascular disease versus healthy controls.
The oxidant profiles among both T2DM subsets demonstrated
significantly higher MDA (p = 0.001) and •NO radicals (p
< 0.001), a tendency of higher protein carbonyl content (p =
0.09) in diabetes with evidence of related vascular involvement
and similar levels of ROS and 8-OHdG (p = 0.147; p = 0.109,
respectively).

comparable for sex. Also, for comparison purposes,
pro-oxidant profiles were examined in a small subset
(n = 16) of newly diagnosed T2DM patients who had
no evidence of complications. Table 1 presents key

Oxidative stress levels in circulation, expressed by the
5 biochemical markers, were considerably higher in
both T2DM subsets as compared to healthy subjects
with numerically higher values in those with signs of
vascular damage (Figure 1, Table 1). No difference in
serum concentration of all oxidative markers was found
among obese and non-obese diabetics with vascular
disease (p > 0.05). The levels of carbonylated proteins,
ROS and 8-OHdG were significantly increased in
insufficiently compensated diabetes compared to good
glycemic control state (8.84 ± 3.95 nmol/mg vs. 6.98 ±
3.35 nmol/mg, p = 0.019; 2.14 ± 0.76 arb. unit vs. 1.81
± 0.73 arb. unit, p = 0.031; 3.25 ± 0.65 ng/mL vs. 1.07
± 0.13 ng/mL, p < 0.001, respectively), while MDA
and •NO free radicals were estimated equal in these
settings.
3.3. Relationship between serum concentration of
oxidative markers and disease characteristics in T2DM
patients with associated vascular complications
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Serum MDA showed a weak association with fasting
glucose (r = 0.298, p = 0.004). Calculation of the biserial
correlation revealed an inverse correlation of MDA with
diagnosed diabetic neuropathy (r = −0.391, p < 0.001)
and a weak positive correlation of this pro-oxidant with
diabetic nephropathy (r = 0.235, p = 0.023). Protein CO
concentrations in the serum correlated weakly with both
parameters for glycemic control, fasting plasma glucose
and glycated hemoglobin (r = 0.231, p = 0.026; r =
0.260, p = 0.012, respectively). Likewise, systemic levels
of the 8-OHdG showed a good significant correlation
with parameters of blood glucose control; with fasting
glucose (r = 0.585, p < 0.001) and with HbA1c (r =
0.697, p < 0.001). Plasma 8-OHdG levels correlated
inversely with the diabetic neuropathy (r = −0.548, p
< 0.001) and positively with diabetic retinopathy (r =
0.269, p = 0.009) and history of brain stroke (r = 0.306,
p = 0.003). We also found a significant relation between
ROS and diabetic retinopathy (r = 0.307, p = 0.003). No
association was established for •NO radicals with any
vascular complication or compensation state of diabetes.
Most of the tested pro-oxidants correlated with serum
levels of lipids (data not shown).
3.4. Receiver operating characteristic curves with
the cutoff values of pro-oxidants for detecting T2DM
associated with complications

Figure 2. Receiver operating characteristic curves of
oxidative biomarkers for detecting T2DM with diabeticinduced vascular damages. The model was performed to
distinguish between above-mentioned disease and no disease.

To analyze the predictive accuracy of pro-oxidants
for detecting the disease with the best combination of
sensitivity and specificity values we calculated ROC.
Figure 2 shows the ROC of various pro-oxidants
against diabetic condition, with high cutoff values
for all biochemical parameters. Significant AUC
were obtained for all studied biomarkers (p < 0.001).
AUC for nitric oxide was very large and substantially
bigger compared to those for the other pro-oxidants,
approaching a value of 1, suggesting the greater
diagnostic accuracy of this biochemical test (Figure 2,
Table 2).
4. Discussion
Pro-oxidants generated by chronic exposure to a high
glucose concentration or increased glycemic variability
and other metabolic abnormalities are important to
the development of diabetes with its impairments by
modifying biomolecules and cellular damage. Increased
free radical generation and subsequent oxidative stress
has been implicated as underlying cause of both longterm macrovascular and microvascular complications of
diabetes (4,18). In the normal physiological conditions
these chemical substances are counterbalanced with the
cellular antioxidants, such as superoxide dismutases,
catalases and glutathione peroxidases (19). The state
of imbalance between pro-oxidants and antioxidants
in favor of the former is known as "oxidative stress"
(20). Since the vascular damage may begin to develop
before the diagnosis and a great proportion of patients
with T2DM may already have vascular disease at
the time they are diagnosed with diabetes, the main
focus of our investigation concerns such a population
of patients. In the present study, we have attempted
to test which of oxidative stress parameters would
improve identification of T2DM with manifested
diabetic vascular complications. We analyzed the
systemic levels of ROS, •NO radicals, MDA, protein
CO groups and 8-OHdG basing on the proven role of
these reactive molecules and products of biomolecular
modification as key tags in the oxidative damage, also
on the consideration for the usage of some of them as
biomarkers in the diagnosis of diabetes (21).
ROS are chemically reactive molecules, strong
oxidants, which by the transfer of their free unpaired

Table 2. Results from ROC analysis
Pro-oxidants
MDA [μmol/L]
Protein CO groups [nmol/mg]
ROS products [arb. unit]
•NO radicals [arb. unit]
8-OHdG [ng/mL]

Cut-off

AUC

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

2.49
5.29
1.33
17.68
1.44

0.863
0.849
0.799
0.988
0.773

77.4
71.0
77.4
100.0
59.1

77.7
72.5
74.5
98.8
63.0

77.4
72.5
75.0
98.9
64.7

77.7
71.0
76.9
100.0
57.3

AUC = area under the curve; PPV = positive predictive value; NPV = negative predictive value; MDA = malondialdehyde; Protein CO groups =
protein carbonyl groups; ROS = reactive oxygen species; arb. unit = arbitrary unit; •NO radicals = nitric oxide radicals; 8-OHdG = 8-hydroxy-2'deoxyguanosine.
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electron cause the oxidation of cellular macromolecules
- polyunsaturated fatty acids (PUFAs) in lipids, amino
acids in proteins and DNA, resulting in cell structures
damage, with subsequent function disruption or cell
death (22).
Lipids in cell membrane are among the most
susceptible to oxidative damage macro molecules due
to the presence of multiple bonds (23). Free radical
attack of PUFAs, in particular reaction of oxygen
with unsaturated lipids via enzymatic and/or nonenzymatic mechanisms is known as lipid peroxidation.
Malondialdehyde (MDA) is one of the final products
of lipid peroxidation generated by decomposition of
arachidonic acid and larger PUFAs. Evidence now
exists to suggest that along with primary dyslipidemia,
oxidative damage and irreversible chemical lipoprotein
modifications causing a production of oxidized lowdensity lipoproteins (oxLDL) is involved in an
accelerated rate of atherosclerosis in T2DM (24,25).
Furthermore, this aldehyde (MDA) is also a highly
toxic and potentially mutagenic molecule, which exerts
these capabilities through its high reactivity with
proteins and deoxyribonucleic acids (DNA) (26,27).
It is a convenient biomarker for lipid peroxidation and
one of the most commonly used in clinical studies (28).
Oxidative modification of proteins is another event
of oxidative stress. This oxidative damage often leads
to loss in specific protein function and thus might
play a significant role in the etiology of diseases. An
accumulation and increase in protein carbonyls has
been observed in several human pathologies including
diabetes mellitus. At present, the measurement of
protein CO groups after their derivatisation with
2,4-dinitrophenylhydrazine (DNPH) is the most widely
utilized measure of protein oxidation (29,30). The usage
of protein carbonyl CO groups (aldehydes and ketones)
as biomarkers of oxidative stress has some advantages
in comparison with the measurement of other oxidation
products because of the relative early formation and
the relative chemical stability of carbonylated proteins
within hours and days (31), whereas lipid peroxidation
products undergo detoxification within minutes (32).
A great deal of evidence support the role of oxidative
DNA damage affecting tissue function and integrity as
a common pathogenic factor in diabetes, as well in the
onset and progression of diabetic complications (33,34).
8-hydroxy-2'-deoxyguanosine (8-OHdG), an oxidized
nucleoside of nuclear and mitochondrial DNA, is a
sensitive DNA damage biomarker of cellular oxidative
stress. Diverse pathologies affect 8-OHdG level, but it
is considered to be a measurable risk factor for cancer,
atherosclerosis, and diabetes (34), such that its use
as a biomarker in the diagnosis of diabetes has been
considered (21).
•NO is a common gaseous free radical, which
plays a role in vascular physiology and is also, known
as endothelium derived relaxing factor. Therefore

reduction of NO production, release or decreased
bioavailability to the endothelium leads to endothelial
cell dysfunction (35). Endothelial dysfunction plays
an important role in the early stages of development
of atherosclerosis, which is often observed as a
macroangiopathic event in T2DM (36).
The results from our analysis showed a considerable
overproduction of the 5 studied oxidative markers
in T2DM patients, more distinctly in the presence
of diabetes-associated vascular manifestations.
These results are in agreement with the majority of
publications, which demonstrate a significant rise in
oxidative damage in the diabetic state (3,4,37-39).
Notably, our T2DM patients with vascular involvement
significantly exhibit approximately 7-fold elevated
•NO levels than healthy controls, unlike the other
biochemical markers which were increased only by
1.5 to 2.5 times, suggesting, that •NO free radical
overproduction may be considered crucial in the
generation of diabetes and vascular disease. The
glycemic control status was significantly correlated to
the level of oxidation of the lipids, proteins and DNAs
(MDA, carbonyl values and 8-OHdG), which confirms
the influence of elevated blood glucose on the damage
of all types of biological molecules. The strongest
degrees of correlation were apparent for the oxidized
guanine of DNA, showing that hyperglycemia promotes
DNA oxidation. ROS and 8-OHdG generated by high
glucose were causally linked to diabetic retinopathy.
Correspondingly, a positive correlation of the systemic
8-OHdG content with the brain stoke, a macrovascular
manifestation attributable to diabetes was found.
However, deoxyribonucleic acid base modification
produced by the oxidation of deoxyguanosine was
inversely correlated with diabetic neuropathy. MDA
was associated with various locations of microvascular
damage (neuro- and nephropathy) with a divergent
link orientation. We further demonstrated the lack of
difference in the systemic oxidative stress among obese
and non-obese diabetics, despite the opposite findings
of the other authors for the increase oxidative stress on
accumulated fat in obesity (40).
ROC analysis revealed that •NO values in the
circulation discriminated the presence of T2DM with
diabetes-specific vascular complications better than
the other oxidative stress parameters. The cutoff values
based on the ROC were higher and outside the normal
range for all of them. 8-OHdG had lower sensitivity
(0.59) and specificity (0.63) compared with the other
biomarkers and showed a reduced AUC, while the
•NO gives the highest returns for detecting diabetes
with induces vascular damage. In general, the test
characteristics positive and negative predictive values
were in favor of the •NO radicals (98.9% and 100%,
respectively) while the positive predictive value of
8-OHdG variable was low (only 64.7 percent). Overall
the positive predictive values – a relevant characteristic
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in clinical practice – for MDA, carbonylated proteins
and ROS were uniformly reasonable.
In conclusion, the chronic excess of carbohydrates
present in T2DM and poor metabolic control result in
creation of an abundance of reactive intermediates,
leading to increase chemical modification of proteins,
lipids and DNAs. Oxidative stress affects vascular
function and ultimately contributes to vascular disease.
The cutoff value for the studied oxidative biomarkers
obtained from plotted ROC curves may serve as an
indicator of clinical reference for detecting T2DM with
associated vascular complications. The most efficient
indicator is •NO, which may have the added ability to
account for the disease and may strengthen the accuracy
of clinical diagnosis.
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Summary

There is little information concerning the prognostic significance of combined albuminbilirubin (ALBI) grade and aspartate aminotransferase-to-platelet count ratio index
(APRI) in hepatocellular carcinoma (HCC). Therefore, we performed this study to assess
the prognostic utility of combining ALBI and APRI (ALBI-APRI score) for predicting the
prognosis of patients with HCC within Milan criteria after liver resection. Two hundred
thirty-nine patients were involved in this study. Patients with a high APRI score were
allocated a score of 1, whereas patients with a low APRI score were allocated a score of 0.
The ALBI-APRI score is the summation of APRI score and ALBI grade. The area under the
receiver operating characteristic curve (AUC) was used to estimate the predictive accuracy
of different models. During the study period, 132 patients experienced recurrence, and 52
patients died. Multivariate analysis revealed the ALBI-APRI score (HR = 1.753, 95% CI =
1.293-2.377, p < 0.001), presence of microvascular invasion (MVI, HR = 2.693, 95%CI = 1.8323.960, p < 0.001) and multiple tumors (HR = 1.973, 95% CI = 1.300-2.995, p = 0.001) were all
associated with recurrence. In addition, blood transfusion (HR = 3.113, 95% CI = 1.677-5.778,
p < 0.001), high preoperative alpha-fetoprotein (AFP, HR = 2.272, 95% CI = 1.298-3.976, p =
0.004), ALBI-APRI score (HR = 2.046, 95% CI = 1.237-3.382, p = 0.005) and presence of MVI
(HR = 4.524, 95% CI = 2.514-8.140, p < 0.001) were correlated with postoperative mortality.
The AUCs of ALBI-APRI score were significantly higher than either ALBI or APRI alone for
predicting both postoperative recurrence and mortality. ALBI-APRI score may be a predictor
for the prognosis of patients with HCC within Milan criteria following liver resection. A more
well-designed and large-scale study are warranted to prove our findings.
Keywords: Albumin-bilirubin grade, aminotransferase-to-platelet count ratio index, hepatocellular
carcinoma

1. Introduction
Hepatocellular carcinoma (HCC) is one of the most
common malignancies and is ranked the third most
frequent cancer-related mortality worldwide (1). Every
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year, more than 800,000 new cases are diagnosed, and
mortality is high due to the poor prognosis of HCC
(2). Liver resection is widely accepted as a curative
treatment for HCC patients with well-compensated liver
function. However, the 5-year overall survival for HCC
patients after liver resection remains unsatisfactory due
to the high incidence of postoperative recurrence (3).
Some investigations suggest as many as 51.6-70.3% of
patients with HCC within Milan criteria will suffer from
recurrence after liver resection (4,5).
Liver function greatly influences the prognosis of
HCC patients. Patients with poor liver function are at
high risk for postoperative complications and tend to
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experience poor long-term overall survival. Recently,
albumin-bilirubin (ALBI) grade was identified as a
simple tool to assess patient liver function (6). Compared
to Child-Pugh score, ALBI only includes total bilirubin
and albumin as the two objective parameters. ALBI
measurements may avoid the adverse influence of
subjective variables, such as ascites and hepatic
encephalopathy. Some studies also demonstrated that
ALBI could predict HCC patient prognosis following
liver resection (6-8). In addition to patient liver function,
liver fibrosis or cirrhosis also plays a key role in HCC
patient outcomes after liver resection (9,10). However,
ALBI only reflects patient liver function and cannot
indicate the degree of liver fibrosis in HCC patients.
Preoperative aspartate aminotransferase (AST)-toplatelet count ratio index (APRI) has been confirmed as
a surrogate marker for histological fibrogenesis (11). It
is unclear whether ALBI incorporated with APRI results
could strengthen the prognostic power for HCC patients
within Milan criteria following liver resection. To clarify
this issue, we conducted this study.
2. Patients and Methods
Patients with HCC within Milan criteria who underwent
liver resection between 2013 and 2018 at our center
were included in this study. Exclusion criteria included
re-resection, ruptured HCC, receipt of preoperative
antitumor treatment, a positive surgical margin, and the
presence of other types of tumors. HCC was confirmed
by postoperative pathological examination. This study
was approved by the ethics committee of West China
Hospital (No. 2017062).
2.1. Follow-up
All preoperative blood tests were performed two days
before liver resection. After surgery, patients were
followed up regularly every 3 months. Before and
after surgery, antiviral drugs (entecavir, lamivudine or
tenofovir) were conventionally administered to patients
with positive hepatitis B virus-DNA (HBV-DNA) load.
During follow-up, blood cell tests, liver function tests,
serum alpha-fetoprotein (AFP) measurements, HBVDNA tests, and visceral ultrasonography, as well as
computed tomography or magnetic resonance imaging
and chest radiography, were performed for all patients.
Bone scintigraphy was performed whenever HCC
recurrence was suspected. Postoperative recurrence
was defined as positive imaging findings compared to
preoperative examination values or as confirmed by
biopsy or resection.
2.2. Definitions
ALBI score = (log10 bilirubin × 0.66) + (albumin ×
−0.085). ALBI grades were defined as grade 1 (score ≤

–2.60), grade 2 (score > –2.60 and ≤ –1.39), and grade
3 (score > –1.39) (12). APRI was calculated as [(AST
value/ULN)/platelet count (109/L)] × 100 (13). APRI less
than 0.5 was considered low APRI, whereas APRI ≥ 0.5
was defined as high APRI (13). ALBI-APRI scores were
the summation of APRI scores and ALBI grade. ALBIAPRI scores ranged from 1 to 4. A high preoperative
AFP was defined as an AFP level greater than 400 ng/
mL (13). Neutrophil to lymphocyte ratio (NLR) was
defined as absolute neutrophil counts divided by the
lymphocyte counts (7). Platelet to lymphocyte ratio (PLR)
as platelet counts divided by the lymphocyte counts (7).
The preoperative prognostic nutritional index (PNI) was
calculated using the following formula: serum albumin
(g/L) + 0.005 × total lymphocyte count (per mm3) (7).
2.3. Statistical analysis
All statistical analyses were performed using SPSS
21.0 (SPSS Company, Chicago, IL) for Windows.
All continuous variables were compared using oneway analysis of variance. Categorical variables were
compared using the χ 2 test or Fisher's exact test.
Recurrence-free survival (RFS) and overall survival
(OS) were determined using the Kaplan-Meier method,
and comparisons were made using the log-rank test.
Multivariable analysis was performed using Cox
regression analysis to identify independent risk factors
for OS and RFS. All variables found to be significant
(P < 0.05) by univariate analysis were included in
the multivariate analysis. The area under the receiver
operating characteristic curve (AUC) was used to
estimate the predictive accuracy of ALBI grade, APRI
and ALBI-APRI score. A P-value of < 0.05 was
considered statistically significant.
3. Results
Two hundred thirty-nine patients were included in this
study. Of these, 197 were male, and 42 were female.
Mean patient age was 48.86 ± 11.35 years. High
preoperative AFP levels were detected in 77 patients.
Positive HBV-DNA was observed in 122 patients, and
36 patients received blood transfusions. Multiple tumors
were detected in 37 patients, and microvascular invasion
(MVI) was observed in 48 patients. High APRI was
observed in 208 patients. According to ALBI grade, 165
patients were stratified as grade 1, whereas 74 patients
were stratified as grade 2. There were no ALBI grade 3
patients. There were 23 patients with ABLI-APRI score 1,
151 patients with ALBI-APRI score 2, and 65 patients in
ALBI-APRI score 3. There were no patients with ALBIAPRI score 4. With a mean of 29.51 ± 13.18 months
follow-up, 132 patients suffered from recurrence and 51
patients died.
3.1. Univariate and multivariate analysis for RFS
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Table 1. Factors associated with RFS
Variables
Age (years)
Gender (male)
Tumor size (cm)
Tumor number > 1

Univariate
P value
0.629
0.946
0.637
0.002

Differentiation
AFP > 400 ng/mL
Positive HBV-DNA load
Presence of MVI

0.474
0.072
0.495
< 0.001

Transfusion
Preoperative platelet (109/L)
High APRI
ALBI grade
ALBI-APRI score

0.003
0.029
< 0.001
< 0.001
< 0.001

Preoperative PLR
Preoperative NLR
Preoperative PNI

0.969
0.691
0.315

Table 2. Factors associated with OS
Multivariate

HR (95%CI)

P value

1.973
(1.300-2.995)

0.001

< 0.001
2.693
(1.832-3.960)

< 0.001
1.753
(1.293-2.377)

AFP, alpha-fetoprotein; APRI, aspartate aminotransferase-to-platelet
count ratio index; HR, hazard ratio; PLR, platelet to lymphocyte ratio;
PNI, prognostic nutritional index; NLR, Neutrophil to lymphocyte
ratio; MVI, microvascular invasion.

Variables
Age (years)
Gender (male)
Tumor size (cm)
Tumor number > 1
Differentiation
AFP > 400 ng/mL
Positive HBV-DNA load
Presence of MVI
Transfusion
Preoperative platelet (109/L)
High APRI
ALBI grade
ALBI-APRI score
Preoperative PLR
Preoperative NLR
Preoperative PNI

Univariate
P value
0.065
0.837
0.820
0.829
0.380
0.007
0.162
< 0.001
0.001
0.175
0.033
< 0.001
< 0.001
0.711
0.741
0.395

Multivariate
HR (95%CI)

P value

2.272
(1.298-3.976)

0.004

< 0.001
4.524
(2.514-8.140)
< 0.001
3.113
(1.677-5.778)

2.046
(1.237-3.382)

0.005

AFP, alpha-fetoprotein; APRI, aspartate aminotransferase-to-platelet
count ratio index; HR, hazard ratio; PLR, platelet to lymphocyte ratio;
PNI, prognostic nutritional index; NLR, Neutrophil to lymphocyte
ratio; MVI, microvascular invasion.

As shown in Table 1, factors associated with
postoperative recurrence included multiple tumors,
presence of MVI, transfusion, high preoperative APRI,
ALBI grade, platelet counts and ALBI-APRI score
by univariate analysis. In multivariate analysis, only
ALBI-APRI score (HR = 1.753, 95% CI = 1.293-2.377),
presence of MVI (HR = 2.693, 95%CI = 1.832-3.960)
and multiple tumors (HR = 1.973, 95% CI = 1.3002.995) exhibited prognostic power.
3.2. Univariate and multivariate analysis for OS
As shown in Table 2, presence of MVI, transfusion,
high preoperative APRI, ALBI grade, high preoperative
AFP and ALBI-APRI score were significant predictors
of OS by univariate analysis. In multivariate analysis,
only transfusion (HR = 3.113, 95% CI = 1.677-5.778),
high preoperative AFP (HR = 2.272, 95% CI = 1.2983.976), ALBI-APRI score (HR = 2.046, 95% CI =
1.237-3.382) and presence of MVI (HR = 4.524, 95%
CI = 2.514-8.140) remained significant independent
predictors of OS.
3.3. Comparison of RFS and OS of patients with
different ALBI-APRI scores
The 1-, 3-, and 5-year RFS were 100%, 65.1%, and
48.8% for patients with ALBI-APRI score 1; 95.4%,
52.6%, and 12.4% for patients with ALBI-APRI score
2; and 87.7%, 39.0%, and 3.9% for patients with ALBIAPRI score 3, respectively. Significant differences
were observed (Figure 1A, p = 0.005). The 1-, 3-, and
5-year OS were 100%, 91.7%, and 61.1% for patients

Figure 1. Comparison of recurrence-free (A) and overall
(B) survival of patients with different ALBI-APRI scores.
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Figure 2. Comparison of the under the receiver operating
characteristic curve of ALBI-APRI, ALBI, and APRI in
predicting postoperative recurrence (A) and survival (B).

with ALBI-APRI score 1; 95.4%, 87.2% and 59.5%
for patients with ALBI-APRI score 2; 87.7%, 71.1%,
and 50.7% for patients with ALBI-APRI score 2,
respectively (Figure 1B, p = 0.002).
3.4. Comparison of the predictive abilities of ALBIAPRI, ALBI and APRI
We compared the AUC of ALBI-APRI, ALBI
and APRI, which were 0.686, 0.636 and 0.586,
respectively, for predicting postoperative recurrence
(Figure 2A). Significant differences were observed
between ALBI-APRI versus ABLI (PALBI-ALBI versus ABLI
= 0.005) and ALBI-APRI versus APRI (PALBI-APRI versus
APRI < 0.001). As shown in Figure 2B, for predicting
postoperative mortality, ALBI-APRI had the highest
AUC (0.683), followed by ALBI (0.640) and APRI
(0.570). Significant differences were also observed
between ALBI-APRI versus ABLI (PALBI-APRI versus ABLI <
0.001) and ALBI-APRI versus APRI (PALBI-APRI versus APRI
< 0.001).
4. Discussion
Liver resection is widely accepted as a curative
treatment for patients with HCC. However, high
postoperative recurrence rate remains an obstacle to
long-term survival. Our study suggests that ALBI
combined with APRI represent a surrogate marker to
predict HCC patient prognosis after liver resection.
Recently, ABLI was confirmed as a superior
tool to Child-Pugh score for assessing liver function
(14,15). Child-Pugh score has some limitations
because it includes two subjective variables: ascites
and encephalopathy. Additionally, in Child-Pugh
score, ascites and albumin may be confounded by their
interrelationship. In our clinical practice, we perform
liver resection in patients with Child-Pugh A grade.
ALBI further discriminates patient liver function in
the same Child-Pugh grade. ALBI not only evaluates
patient liver function but also predicts HCC patient
prognosis after liver resection. For example, Ho et
al. (16) suggested that ALBI is a feasible marker for
predicting patient recurrence after liver resection.

Dong et al. (7) confirmed ALBI score significantly
impacted both HCC patient RFS and OS after liver
resection. However, though ABLI can assess patient
liver function, it does not indicate the severity of patient
fibrosis. Some patients with severe fibrosis may present
with good liver function, and a number of investigations
have revealed that severe fibrosis or cirrhosis has
an adverse influence on HCC patient prognosis. In
contrast, some patients without severe cirrhosis may
also exhibit poor liver function, such as patients with
malnutrition. The serum albumin level of patients with
malnutrition may be very low. Accordingly, patients
with malnutrition may have a high ALBI grade.
There are some potential mechanisms of poor
ALBI grade contributing to poor prognosis of patients
with HCC after liver resection. First, many studies
have confirmed that patients with poor liver function
may have increased surgical risk, a high incidence of
postoperative complications, and a high recurrent rate.
Ho et al. (17) compared the prognostic power of ten
liver function models for predicting the prognosis of
HCC patients after radiofrequency ablation. Only ALBI
was an independent prognostic predictor by multivariate
analysis (17). Second, some research has suggested
that albumin may inhibit the growth of HCC (18,19).
Carr and colleagues' study indicates that low serum
albumin levels are associated with increased variables
of HCC aggressiveness, such as larger maximum tumor
diameters, increased portal vein thrombosis, higher
α-fetoprotein levels and so on (19). Basic studies have
also confirmed exogenous albumin at physiological
concentrations can inhibit the growth of several HCC
cell lines in vitro (18).
In contrast to ALBI, APRI is considered a promising
noninvasive alterative to liver biopsy for assessing
the stage of fibrosis (20). Previous studies have
suggested liver fibrosis negatively affects HCC patient
outcomes (10,21). Gon et al. (22) even suggested that
liver fibrosis is an independent risk factor for rapid
progression of portal vein tumor thrombus. Some
investigators have also suggested that APRI could
predict outcomes of patients with HCC after liver
resection (23,24). Ichikawa et al. (25) confirmed that
preoperative APRI independently predicts postoperative
liver failure. In addition, Cheng et al. (11) suggested
APRI could predict postoperative complications in
HCC patients after liver resection. Further, some
studies confirmed that postoperative complications
may adversely influence both postoperative RFS and
OS for patients with HCC after liver resection (2628). Moreover, the preoperative platelet counts of
patients with high APRI score may be low. Kaneko et
al. (29) suggested HCC patients with low preoperative
platelet counts may suffer from a high incidence
of postoperative mortality. Maithel et al. (30) also
confirmed low platelet count was associated with high
postoperative mortality. Our study confirmed ALBI
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combined with APRI score demonstrates superior
predictive ability than either ALBI or APRI alone.
ALBI plus APRI score reflect both patient liver
function and stage of fibrosis. Recently, Pereya et al.
(31) confirmed ALBI plus APRI score could predict the
morbidity, liver dysfunction and mortality for patients
who received liver resection for colorectal cancer liver
metastases. They suggested ALBI plus APRI score was
a good tool to dynamically reflect the chemotherapyassociated liver injury of patients with colorectal cancer
liver metastases.
There are some limitations in this study. This is a
small sample and single center's retrospective study.
Moreover, in China, most HCC are hepatitis B virusrelated HCC. Accordingly, whether ALBI+APRI score
could predict the prognosis of other causes-related
HCC needs further study. We believe that a multicenter
prospective study is needed to further validate our
conclusions.
In conclusion, our study suggests that ALBI plus
APRI score predicts the prognosis of patients with HCC
after liver resection. Patients with high ALBI+APRI
score experience a high recurrence rate and poor longterm survival.
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Summary

Standard treatment options for brain metastases (BM) from colorectal cancer (CRC) are
controversial. The purpose of this study was to evaluate the efficacy of multidisciplinary
treatment modalities and provide optimal therapeutic strategies for selected patients with
different clinical characteristics. All eligible patients diagnosed with BM from CRC during
the past two decades (1997-2016) were identified in our center. Clinical characteristics,
treatment modalities and relative survival were retrospectively analyzed. Median overall
survival after the identification of BM was 6 months. The 1- and 2- year survival rates
were 29.40% and 5.70%, respectively. On multivariate analysis, the number of BMs,
Karnofsky performance score and the treatment modalities were found to be independent
prognostic factors (the p-value was 0.006, 0.001 and < 0.001, respectively). In conclusion,
multidisciplinary treatment is supported to be the optimal treatment for patients with BM
from CRC. For patients with single brain metastases and KPS > 70, neurosurgery combined
with chemotherapy could provide an additional survival benefit. For patients with multiple
brain metastases or KPS ≤ 70, radiotherapy plus chemotherapy may be appropriate.
Keywords: Brain metastases, colorectal cancer, treatment modalities, prognosis

1. Introduction
Colorectal cancer (CRC) metastatic to the brain occurs
rarely and remains highly lethal in clinical practice.
The crude incidence of brain metastases (BM) from
CRC is 0.27%, while in metastatic colorectal cancer,
it increases to 1.36% (1). Besides, the occurrence rate
of asymptomatic BM has been observed to increase
simultaneously in past decades (2), which has been
attributed to the improvement of multimodality therapy
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to extend survival of CRC and novel diagnostic
radiographic techniques to detect small brain lesions
(3,4). Unfortunately, the prognosis for CRC patients
developed to BM is rather poor. Patients without any
therapeutic intervention will only have a survival
period of about 4 weeks after the occurrence of BM
(5). In the past, whole brain radiation therapy (WBRT)
and neurosurgery were usually used for the treatment
of brain metastases (6), but the effect of radiotherapy
or neurosurgery alone was unsatisfactory. Patients
who underwent WBRT alone had a median survival of
only 3-6 months (7,8), and the ability of neurosurgery
to improve survival in patients with BM is not as
effective as clinicians expected. Currently, the concept
of multidisciplinary treatment has been widely accepted
in the clinical diagnosis and treatment of CRC liver
metastasis and lung metastasis (9,10), and proved that
multidisciplinary treatment could bring significant
survival benefits to those patients. Nevertheless, in
CRC patients with BM, the concept of multidisciplinary
treatment was not universal. The decision-making for
treatment modalities is still empirical in patients with
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BM, and the selection criteria of candidates for various
treatment models remains controversial. Therefore, the
aim of this study is to compare different treatments for
the patients with BM from CRC, then provide optimal
treatment modalities for selected patients with different
clinical characteristics.
2. Materials and Methods
2.1. Patients
We retrospectively analyzed 80 consecutive patients
diagnosed with BM from CRC in the Zhejiang Cancer
Hospital from Jan 1997 to Dec 2016. Brain metastatic
lesions were diagnosed and assessed using radiologic
imaging, such as brain CT or MRI scan. Clinical data
regarding age, gender, location of the primary tumor,
Karnofsky performance scale (KPS), and presence of
extracranial metastasis, synchronous or metachronous
metastasis, number of BM, location of BM, and
treatment modalities was reviewed. Synchronous
metastasis was defined as metastasis that occurred
within 12 months of diagnosis of the primary CRC;
Metachronous metastasis was defined as metastasis
that was noted more than 12 months after diagnosis
of the primary CRC. With regard to the location of
BM, patients were divided into two groups according
to bilobar distribution (unilateral and bilateral
cerebral lesions groups) or tentorium of cerebellum
(supratentorial lesions limited and infratentorial lesions
involved groups).
2.2. Treatment modalities

measured from the date of dection of BM to the date
of death or last follow-up. Kaplan-Meier method was
performed to estimate OS curves. Potential predictors
with p value less than 0.1 in the univariate analysis
were entered into a backward stepwise Cox proportional
hazards regression model. All statistical analysis was
performed using SPSS statistical software version
19.0 (SPSS Inc., IBM Corporation, Chicago, IL). All
two-sided P values less than 0.05 were considered
statistically significant.
3. Results
3.1. Patients characteristics and Treatment modalities
A total of 80 patients with BM from CRC were enrolled
in this retrospective study. Table 1 summarizes clinical
and tumor characteristics of all included patients. The
majority of BM were male (52 patients, 65.00%) and
the average age at diagnosis of BM was 58.4 years.
Half of BM (50%) had poor performance status (KPS
≤ 70). Synchronous colorectal BM occurred in only 6
patients, and rectum was the most common primary site
for CRC metastatic to the brain. Majority of patients
(83.75%) presented with extracranial metastases and the
most common extracranial site was the lung, occupying
70.00% of all BM. Infratentorial metastatic lesions were
observed in 27 (33.75%) patients. In terms of treatment,
38 patients received only a single treatment, of which 4
Table 1. Demographic and tumor characteristics of
patients with colorectal brain metastases
Variable

The treatment options for BM from CRC included
single treatment and multidisciplinary treatment. Single
treatment included neurosurgery, radiotherapy (i.e.
WBRT or SRS) or chemotherapy, and multidisciplinary
treatment included neurosurgery plus chemotherapy or
radiotherapy plus chemotherapy. Majority of patients
(50 cases) were treated with WBRT in 30 Gy delivered
at 3 Gy per fraction. The prescription isodose of SRS
ranged from 12 to 22 Gy. Sequential chemotherapy
with standard-dose of 5-ﬂuorouracil-based regimens
(Folfox or Folfori) was recommended in 55 patients.
Sixteen metastatic CRC patients received additional
molecular targeted therapy after diagnosis of BM,
including cetuximab, bevacizumab, and regorafenib.
All treatment decisions were made with coordination
of experienced neurosurgeons, radiation and medical
oncologists based on the comorbidities, performance
status, availability of aggressive treatment and other
tumor-specific parameters.

Patients, n (%)

2.3. Statistical analysis

Age
≤ 60
> 60
Gender
Male
Female
Primary tumor location
Right-sided
Left-sided
Rectum
KPS
≤ 70
> 70
Metastases presentation
Synchronous
Metachronous
Number of BM
1
≥2
Site of BM lesion
Supratentorial location limited
Infratentorial location involved
Extracranial metastases
No
Lung metastases
Other organ metastases

Overall survival (OS) after diagnosis of BM was

Abbreviation: KPS, Karnofsky performance scale; BM, Brain
metastases.
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50 (62.50)
30 (37.50)
52 (65.00)
28 (35.00)
9 (11.25)
21 (26.25)
50 (62.50)
40 (50.00)
40 (50.00)
6 (7.50)
74 (92.50)
44 (55.00)
36 (45.00)
53 (66.25)
27 (33.75)
13 (16.25)
56 (70.00)
11 (13.75)
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(5.00%) patients underwent neurosurgery, 16 (20.00%)
patients received radiotherapy and 18 (22.50%) patients
received chemotherapy. The remaining 42 patients
received multidisciplinary treatment, including 15
patients who received neurosurgery plus chemotherapy
and 27 patients received radiotherapy plus chemotherapy
(Table 2).
3.2. Survival analyses
Four patients were lost to follow-up, 76 patients were
eventually included in the survival analysis. The median
overall survival (OS) was 6 months after diagnosis
of BM (range, 1-33 months). The 1-year OS rate and

Table 2. Treatment modalities for BM from CRC
Treatment modality

NO. (%)

Single treatment
Neurosurgery only
Radiotherapy only
Chemotherapy only
Multidisciplinary treatment
Neurosurgery + Chemotherapy
Radiotherapy + Chemotherapy

38 (47.50)
4 (5.00)
16 (20.00)
18 (22.50)
42 (52.50)
15 (18.75)
27 (33.75)

Abbreviation: BM, brain metastases; CRC, colorectal cancer.

2-year OS rate were 29.40% and 5.70%, respectively.
Patients who received monotherapy had a median OS
of 4 months. Further analysis shows the median OS of
patients who underwent only neurosurgery, radiotherapy
and chemotherapy were 10 months, 3 months and
5 months respectively. Among the 16 patients who
received targeted therapy, the median OS of 10 patients
who used bevacizumab was 7.6 months. For patients
who received multidisciplinary treatment, the median OS
was 11 months. Univariate analysis showed KPS > 70 (p
< 0.001), Synchronous metastasis (p = 0.012), Isolated
BM lesions (p = 0.011) and multidisciplinary treatment
(p < 0.001) were good prognostic factors. Multivariate
analysis shows that KPS > 70 (hazard ratio (HR) = 2.75,
p < 0.001), Isolated BM lesions (HR = 2.00, p = 0.006)
and multidisciplinary treatment (HR = 0.37, p < 0.001)
were independent predictors of good prognosis (Table 3,
Figure 1).
The pattern of multidisciplinary treatment also led to
significant differences in prognosis in different patient
subgroups. Neurosurgery combined with chemotherapy
achieved a better prognosis than radiotherapy plus
chemotherapy (p = 0.03, Figure 2). In further subgroup
analysis, we observed the exact survival benefit in single
brain metastases group (neurosurgery plus chemotherapy
vs radiotherapy plus chemotherapy, p = 0.021, Figure

Table 3. Potential predictors for overall survival in patients with colorectal brain metastases
Variable
Overall
Age
≤ 60
> 60
Gender
Male
Female
Primary tumor location
Right-sided
Left-sided
Rectum
KPS
> 70
≤ 70
Metastases presentation
Synchronous
Metachronous
Number of BM
1
≥2
Site of BM lesion
Supratentorial location limited
Infratentorial location involved
Extracranial metastasis
No
Yes
Treatment modalities
Single treatment
Multidisciplinary treatment

Univariate
Median OS (95%CI, m)

Multivariate
P

6 (4.4-7.6)

Adjusted HR (95%CI)

P

NA

6 (4.2-7.8)
7 (4.2-9.8)

0.905

7 (5.4-8.6)
5 (3.4-6.6)

0.635

3 (0.2-5.8)
9 (3.9-14.1)
6 (4.4-7.6)

0.266

11 (5.2-16.8)
4 (2.6-5.4)

< 0.001

22 (0.5-43.5)
6 (4.5-7.5)

0.012

9 (5.8-12.2)
5 (3.6-6.4)

0.011

6 (4.0-8.0)
6 (3.2-8.8)

0.608

7 (2.3-11.7)
6 (3.9-8.1)

0.278

4 (2.3-5.7)
11 (6.8-15.2)

< 0.001

NA
NA

1
2.75 (1.60-4.74)
1
2.16 (0.71-6.63)
1
2.00 (1.21-3.29)

< 0.001
0.177
0.006

NA
NA
1
0.37 (0.22-0.64)

< 0.001

Abbreviation: OS, Overall survival; CI, Confidence interval; HR, Harzard ratio; BM, brain metastases; NA, Not available; KPS, Karnofsky
performance score.
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3) and in patients with KPS > 70 group (neurosurgery
combined with chemotherapy achieved a therapeutic
advantage, p = 0.029, Figure 4). For patients with
multiple brain metastases (≥ 2) or KPS ≤ 70, there was
no significant difference between neurosurgery combined
with chemotherapy and radiotherapy plus chemotherapy
(Figure 5 and Figure 6).

Brain metastases is the most common type of

intracranial tumors of adults and has a 10-fold increased
incidence rate compared to primary brain tumors
(11). Although metastasis to the brain rarely occurs to
CRC patients with a prevalence rate of 0.60-3.20%, it
occupies 71.90-79.90% of brain metastases originating
from the gastrointestinal tract (12,13). The development
of comprehensive treatment and the implementation of
multidisciplinary team decision-making have improved
the control of CRC (14). Extended survival in patients
with liver or lung metastases may increase occurrence
rate of BM. In addition, the developing radiological

Figure 1. Comparison of survival curves of patients
with BM from CRC receiving single treatment and
multidisciplinary treatment.

Figure 2. Comparison of survival curves of patients with
BM from CRC receiving neurosurgery combined with
chemotherapy and radiotherapy plus chemotherapy.

Figure 3. Comparison of survival curves of patients with
isolated brain metastatic lesions receiving neurosurgery
combined with chemotherapy and radiotherapy plus
chemotherapy.

Figure 4. Comparison of survival curves of patients
with KPS > 70 receiving neurosurgery combined with
chemotherapy and radiotherapy plus chemotherapy.

Figure 5. Comparison of survival curves of patients
with multiple brain metastatic lesions (≥ 2) receiving
n e u ro s u r g e r y c o m b i n e d w i t h c h e m o t h e r a p y a n d
radiotherapy plus chemotherapy.

Figure 6. Comparison of survival curves of patients
with KPS ≤ 70 receiving neurosurgery combined with
chemotherapy and radiotherapy plus chemotherapy.

4. Discussion
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and metabolic imaging could also enhance the early
detection of BM lesions, especially in asymptomatic
patients (8,15).
We analyzed the clinical and pathological
information of our colorectal cancer patients with
BM, and found metachronous metastasis, lung
metastasis and primary tumor from rectal cancer have
a relationship with BM. As in previous reports (16), we
found metachronous metastatic disease is one important
risk factor for BM, however, despite the long survival
until development of BM, survival after diagnosis of
BM was only a median of 2.9 months (17,18). Our
data also shows lung metastases and rectal cancer were
associated with BM, and the location of the primary
tumor may have a close relationship with the target
organ of metastasis (2,19). These can be explained in
part by the vascular anatomy of the colon and rectum.
The colon drains mostly through the portal vein to the
liver and from there to the lung and other organs. The
rectum drains both through the portal and the cava vein
and more often seeds the lung before the liver, and
consequently the brain (20). Univariate analysis and
multivariate analysis of our study shows KPS > 70, and
isolated BM were regarded as independent prognostic
factors associated with good prognosis which is
consistent with previous studies (2,19). Song found
females may have a longer survival time than males
(2,19). In our study we found a male predominance for
patients with BM (65.00%), but the gender was not an
independent factor for BM.
CRC metastatic to the brain is a highly lethal
condition warranting effective intervention (21),
whereas the standard treatment modality for BM
from CRC has not been established. Usually CRCBM have been regarded as a terminal event which
limited the development of treatment for colorectal
cancer brain metastasis (22,23). Previous views hold
that blood-brain barrier is considered to prevent most
chemotherapy drugs from entering the brain and
result in failure of chemotherapy in treatment of BM.
Conversely, Butowski maintained that biological
characteristics of BM tissue and its permeability kept
pace with the primary tumor, illustrating the absence
of essential conditions to form the blood-brain barrier
around metastatic lesions (24). Besides, imaging
examination showed that contrast agents could rapidly
enter the brain and enhanced metastatic lesions that
indicate CRC metastatic to the brain may change
permeability of the blood-brain barrier (25). Recently,
some studies show BM patients may benefit from target
therapy (26,27). Our data found median survival of
patients who received bevacizumab were 7.6 months,
longer than those who did not receive target therapy (5
months), indicating that antiangiogenic therapy might
be of value for BM patients.
Neurosurgery and radiotherapy (e.g. WBRT and
SRS) usually form the cornerstone of brain metastasis

186

treatment (17,18,28). WBRT, the most common
treatment options for BM patients in past decades,
can palliate nervous system symptoms, reduce
recurrence risk and improve prognosis (29). External
radiotherapy is a realistic method for patients with
multiple intracranial lesions, poor performance status,
contraindications for neurosurgery and extensive
extracranial disease (30). WBRT only for patients
still had poor prognosis, with survival ranging from
2.2 months to 4 months (31,32). Neurosurgery was
considered as effective therapy by some clinicians.
However, the survival of patients treated with
neurosurgery alone was only 9 months even in the
situation of patients with selective bias (33). Until
recently, multidisciplinary treatment has been widely
used for colorectal cancer liver metastasis and
lung metastasis, and significantly improved patient
prognosis. Our study showed a median survival time
of 4 months for patients who underwent monotherapy,
while for patients receiving multidisciplinary treatment,
the median survival time was extended to 11 months.
Chemotherapy may increase radiosensitivity, and
radiotherapy or surgery may also increase intracranial
vascular permeability which is more conducive to drugs
entering brain metastases (26), this may explain to
some extent that combined therapy is better than single
therapy. Although this improvement in survival was not
as pronounced in patients with liver metastases or lung
metastases from CRC, it also significantly improved the
prognosis of patients with colorectal cancer BM.
Under the multidisciplinary treatment model, we
further compared the results of different subgroup
patients. We found that for patients with isolated
metastases and better physical status (KPS > 70),
neurosurgery combined with chemotherapy can
get better results than radiotherapy combined with
chemotherapy. More specifically, Patients with isolated
brain metastases had a median survival of 17 months
after neurosurgery combined with chemotherapy, while
after radiotherapy combined with chemotherapy, the
survival was 10 months (P = 0.021). Simultaneously, we
observed similar survival improvements in patients with
KPS > 70 (P = 0.029). On the other hand, for patients
with multiple BM lesions or poor physical status (KPS
≤ 70), we did not find significant differences between
two treatment groups. Our results indicate that in
patients with isolated metastases and better physical
status, neurosurgery with chemotherapy should be
recommended. But for patients with multiple BM
lesions or poor physical status, we think radiotherapy
plus chemotherapy maybe more appropriate.
5. Conclusions
CRC metastatic to the brain is a highly lethal condition
warranting effective interventions. Multidisciplinary
treatment of colorectal cancer BM is the general
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trend. For patients with isolated metastases and KPS
> 70, neurosurgery combined with chemotherapy
is recommended. For patients with multiple
brain metastases or KPS ≤ 70, radiotherapy plus
chemotherapy may be more acceptable.
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Summary

Administration of the selective arginine vasopressin V2 receptor antagonist tolvaptan to
cirrhotic patients is controversial. There are no reports of tolvaptan use for patients with faradvanced end-stage liver disease (ESLD) and refractory ascites awaiting liver transplantation.
Between 2013 and 2016, 64 patients awaiting adult-to-adult living donor liver transplantation
(LDLT) were screened for enrollment. Patients with refractory ascites and on dual
conventional diuretics (≥ 50 mg/day of spironolactone and ≥ 20 mg/day of a loop diuretic)
were enrolled and assigned to the tolvaptan (TOL) group (n = 10), and low-dose tolvaptan,
3.75 mg/day, was started. The remaining patients who had no or little ascites on conventional
diuretic therapy (CDT) were assigned to the CDT group (n = 23). The median model for endstage liver disease and Child-Pugh scores were 16 (range 7-41) and 10 (7-15), respectively.
The median dose of spironolactone in the TOL group was 88 mg (range 50-200) vs. 50 (0100) in the CDT group (p < 0.01). The median dose of loop diuretics in the TOL group was
70 mg (20-120) vs. 20 (0-80) in the CDT group (p = 0.03). No significant liver damage was
detected during tolvaptan therapy. Tolvaptan demonstrated favorable effects in 60% (6/10) of
the patients, decreasing the body weight by at least 1.5 kg during the 7 day treatment. These
findings suggest that low-dose of tolvaptan may be safe for patients having far-advanced
ESLD patients with apparent and refractory ascites taking dual conventional diuretics for a
short period before LDLT.
Keywords: Tolvaptan, liver transplantation, end-stage liver disease

1. Introduction
Liver transplantation is a definitive treatment option
for patients with end-stage liver disease (ESLD). A
potentially serious major complication of cirrhosis is
ascites, which occurs in 50% of patients over a 10-year
observation period (1) and in approximately 90% of
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patients with ESLD (2). Management of ascites related
to ESLD is a major challenge during the waiting period
for liver transplantation.
Spironolactone and loop diuretics are key drugs
used to manage cirrhotic patients with ascites (3,4). A
new, recently approved diuretic, the selective arginine
vasopressin V2 receptor antagonist tolvaptan, which
acts at the V2 receptors in the renal collecting duct to
inhibit water resorption, increases urine output volume,
decreases body weight, increases serum sodium values
(5), and helps to maintain renal function in patients
with liver cirrhosis and ascites (6,7).
Tolvaptan was approved in the United States in
2009 for use in patients with hyponatremia due to
heart failure, syndrome of inappropriate antidiuretic
hormone secretion, and liver cirrhosis. In a randomized
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controlled trial of tolvaptan for patients with autosomal
dominant polycystic kidney disease, however, 1.2% of
patients in the tolvaptan group discontinued the trial
due to liver-function abnormalities (8). In 2013, the
United States Food and Drug Administration raised
concerns regarding the potential risk of liver injury
in patients taking tolvaptan (9). Therefore, tolvaptan
is not yet approved for patients with liver cirrhosis in
the United States. Sakaida and colleagues reported
favorable results of a clinical trial of low-dose tolvaptan
in cirrhotic patients with ascites without liver injury
(10) , leading to its approval for cirrhotic patients by
the Ministry of Health, Labour, and Welfare in Japan
in 2013. A recent post-marketing surveillance report
showed encouraging results for ascites control; three
patients (0.7%, 3/473) had liver failure, however, and
discontinued treatment.
Worldwide, tolvaptan administration for cirrhotic
patients remains controversial. Currently, the American
Association for the Study of Liver Diseases does
not recommend tolvaptan for patients with cirrhosis
(11,12). The clinical practice guidelines of the European
Association for the Study of the Liver mention tolvaptan
and its expected effects for cirrhotic patients with ascites
and severe hypervolemic hyponatremia (13).
Despite the increasing number of studies of tolvaptan
for patients with cirrhosis, there are no reports of
tolvaptan for far-advanced ESLD patients with refractory
ascites awaiting liver transplantation. In this preliminary
study, we report the short-term results of tolvaptan use
for patients scheduled to undergo living donor liver
transplantation (LDLT).
2. Methods
Between May 2013 and January 2016, 64 consecutive
adult-to-adult LDLTs were performed at the Tokyo
University Hospital. The present preliminary, prospective
study protocol was approved by the University of
Tokyo Ethics Committee. The protocol was registered
to the clinical trials registry managed by the university
hospital medical information network in Japan
(UMIN000027096, http://www.umin.ac.jp/ctr/index.
htm).
Inclusion criteria were as follows: over 18 years of
age, cirrhotic patients awaiting adult-to-adult LDLT,
refractory ascites (14), and taking dual conventional
diuretics (≥ 50 mg/day of spironolactone and ≥ 20 mg/
day of a loop diuretic). The patients were enrolled
and assigned to the tolvaptan (TOL) group during the
preoperative evaluation period. The remaining patients
who had no or little ascites on conventional diuretic
therapy (CDT) were assigned to the CDT group, and the
pre-and postoperative factors were compared between
the TOL and CDT groups. Exclusion criteria were
no apparent ascites without diuretics, patient already
on tolvaptan, and acute liver failure. Preoperative
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factors, including Child-Pugh score, model for endstage liver disease (MELD) score, total bilirubin,
prothrombin time-international normalized ratio (PTINR), serum creatinine, aspartate aminotransferase,
alanine aminotransferase, serum albumin, serum
sodium, and platelet counts, were recorded. Operation
time, estimated blood loss, actual amount of ascites (all
ascites was drained and measured just after starting the
operation), amount of blood transfused, and ClavienDindo classification were compared between the TOL
and CDT groups. Informed consent was obtained from
all recipients.
In the TOL group, low-dose tolvaptan (Samsca;
Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan), 3.75 mg
/day, was started. The dose was based on half the starting
dose and clinical trial recommendation for hepatic edema
(10) and the Japanese guidelines (15). If the patient's
symptoms did not improve, the dose was increased to 7.5
mg. Tolvaptan administration was continued until the day
before LDLT and discontinued immediately after LDLT.
Body weight, daily urine output volume, total bilirubin,
serum albumin, serum creatinine, sodium levels, PT-INR,
Child-Pugh score, and MELD score were monitored
on days 0, 1, 3, 7 after tolvaptan initiation. The serum
creatinine level was also monitored on days 0, 1, 3, 7,
and 30 after LDLT.
The primary endpoint was change in body weight: a
1.5-kg decrease from baseline to 7 days after tolvaptan
initiation. The secondary endpoints were urine output
volume on days 1, 3 and 7; whether or not the urine
output volume was greater than that before tolvaptan
initiation; and use of additional diuretics other than
tolvaptan. Liver damage was defined as a two-fold
increase in the levels of aspartate aminotransferase and
alanine aminotransferase compared with the levels before
tolvaptan initiation. Patients for whom tolvaptan was
effective, defined as a greater than 1.5-kg decrease in
body weight during the 7 days after tolvaptan initiation,
were classified into the tolvaptan-effective group. The
remaining patients were classified into the tolvaptanineffective group. Preoperative and postoperative factors
were compared between the groups.
Statistical analysis The Mann-Whitney U test was
used to compare the patient characteristics between
groups. After tolvaptan initiation, variables were
compared by the Wilcoxon signed-rank test. Changes
in body weight and daily urine output volume in both
groups were compared by two-way repeated measures
analysis of variance using the JMP pro 12.2 statistical
software package (SAS Institute Inc., Cary, NC, USA).
Data are expressed as median and range. A p < 0.05 was
considered statistically significant.
3. Results
A total of 64 patients were screened for enrollment.
Of the 64, 31 patients were excluded from the study
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Figure 1. Flow chart summarizing subject enrollment for the present study.

because they did not meet the criteria, including no
apparent ascites and no diuretics (n = 23), currently on
tolvaptan prescribed during a previous hospital visit (n
= 5), and acute liver failure (n = 3). Ten patients were
assigned to the TOL group and tolvaptan was started.
The remaining 23 patients, having no or little ascites on
CDT, were assigned to the CDT group (Figure 1).
The subjects comprised 18 men and 15 women with
a median age of 50 (range 18-67) years. Indications
for transplantation included hepatitis B or C-related
cirrhosis (n = 14), primary biliary cirrhosis (n = 6),
alcoholic liver cirrhosis (n = 3), cryptogenic liver
cirrhosis (n = 3), Budd-Chiari syndrome (n = 3),
primary sclerosing cholangitis (n = 2), non-alcoholic
steatohepatitis (n = 1), and Wilson's disease (n = 1). The
median MELD and Child-Pugh scores were 16 (range
7-41) and 10 (7-15), respectively.
Characteristics of patients in the TOL and CDT
groups are shown in Table 1. There was no significant
difference between groups with respect to the ChildPugh score, MELD score, total bilirubin, PT-INR, and
serum creatinine, serum alanine transaminase, serum
aspartate transaminase, or serum albumin levels.
The median serum sodium concentration differed
significantly between the TOL and CDT groups (130
mmol/L [122-139] vs. 136 [131-140], p < 0.01). The
median dose of spironolactone in the TOL group was
88 mg (range 50-200) vs. 50 (0-100) in the CDT group (p
< 0.01). The median dose of loop diuretics in the TOL

group was 70 mg (20-120) vs. 20 (0-80) in the CDT
group (p = 0.03).
In the TOL group, the median tolvaptan
administration period was 18 (range 7-16) days before
LDLT. Tolvaptan administration could continue for
all patients. Changes in body weight, daily urine
output volume, serum sodium concentration, and
MELD score are shown in Figures 2A-D. The TOL
and CDT groups differed significantly with respect
to body weight between preadministration and 1 day
after tolvaptan initiation (-1.1 kg, p = 0.02, 2A) and in
daily urine output volume between preadministration
(1475 mL/day) and 7 days (2675 mL/day, p < 0.01,
2B) after tolvaptan initiation. The change in the serum
sodium concentration was not significant between
preadministration and 1, 3, and 7 days after tolvaptan
initiation (Figure 2C). The MELD score was relatively
stable during the 7 days of treatment (Figure 2D). The
change in the serum creatinine level was not significant
between preadministration and 1, 3, and 7 days after
tolvaptan initiation (Figure 2E). The remaining factors,
including serum albumin level, PT-INR, and ChildPugh score, did not change during the 7 days of
treatment (data not shown).
The changes in the serum aspartate transaminase and
alanine transaminase levels in the TOL group are shown
in Figure 3. The median serum aspartate transaminase
and alanine transaminase levels preadministration and 7
days after tolvaptan initiation were 57.5 and 58.0 U/L,
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Table 1. Characteristics of patients in the tolvaptan (TOL) and conventional diuretic therapy (CDT) groups
Patient characteristics
Age
Male/female
Liver disease
Hepatitis B or C
Primary biliary cirrhosis
Alcoholic
Cryptogenic
Budd-Chiari syndrome
Primary sclerosing cholangitis
Non-alcoholic steatohepatitis
Wilson's disease
Preoperative factors
Child-Pugh score
Model for end-stage liver disease score
Total bilirubin (mg/dL)
Prothrombin time-international normalized ratio
Serum creatinine (mg/dL)
Alanine transaminase (U/L)
Aspartate transaminase (U/L)
Serum albumin (g/dL)
Serum sodium (mEq/L)
Platelet count (*104µL)
Conventional diuretics
Spironolactone (mg)
Loop diuretics (mg)

TOL (n = 10)

CDT (n = 23)

P value

58 (41-64)
4/6

57 (23-67)
14/9

0.75
0.45

2
3
1
2
0
1
1
0

12
3
2
1
3
1
0
1

0.09
0.25
0.9
0.15
0.23
0.53
0.12
0.50

11 (8-13)
16 (10-21)
5.2 (1.7-19.3)
1.32 (1.15-1.78)
0.83 (0.50-1.62)
58 (29-173)
28 (12-63)
2.9 (2.4-3.6)
130 (122-139)
7.1 (4.0-32.2)

10 (8-13)
14 (8-13)
4.1 (0.8-27.1)
1.37 (1.12-1.92)
0.75 (0.54-1.33)
49 (9-163)
31 (6-89)
2.7 (2.0-3.6)
136 (131-140)
7.7 (2.6-18.5)

0.13
1.00
0.43
0.78
0.35
0.47
0.84
0.13
< 0.01*
0.67

88 (50-200)
70 (20-120)

50 (0-100)
20 (0-80)

< 0.01*
0.03*

The median serum sodium concentration differed significantly between the TOL and CDT groups (130 mmol/L [range 122-139] vs. 136 [131140], p < 0.01). The dose of spironolactone was 88 mg (50-200) in the TOL group vs. 50 (0-100) in the CDT group (p < 0.01). The dose of loop
diuretics was 70 mg (20-120) in the TOL group vs. 20 (0-80) in the CDT group (p < 0.05).

Figure 2. Changes in body weight (A), daily urine output volume (B), serum sodium concentration (C), model for end-stage
liver disease (MELD) score (D) , and serum creatinine level (E) in the tolvaptan (TOL) group are shown. The groups differed
significantly with respect to body weight between preadministration and 1 day after tolvaptan initiation (-1.1 kg, p = 0.02, A) and
daily urine volume between preadministration and 7 days after tolvaptan initiation (1475 mL/day vs. 2675 mL/day, p < 0.01, B). The
serum sodium concentration increased up to day 3, but the difference was not significant (C). The MELD score remained relatively
stable over the 7 days (D). The serum creatinine level gradually increased up to day 7 and decreased within 1 month after LDLT. The
difference, however, was not significant (E).
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28 and 32 U/L, respectively. There was no significant
difference between these values (Figure 3A, p = 1.00
and Figure 3B, p = 0.89) and no two-fold increase in
the values.
A 1.5-kg body weight decrease during the 7 days
of tolvaptan administration occurred in 60% (6/10) of
the TOL patients in whom the drug was considered
effective. The body weight did not decrease in 40%
(4/10) of the TOL patients in whom the drug was
considered ineffective. The median Child-Pugh score in
the tolvaptan-effective and tolvaptan-ineffective groups
was 10.5 (8-11) and 12.5 (11-13), respectively (p <
0.01; Table 2). The amount of ascites in the tolvaptaneffective and tolvaptan-ineffective groups was 1,450 mL
(500-4,100) and 7,050 mL (4,000-13,550), respectively
(p = 0.04). There were no significant differences
between groups in the other related factors (Table 3).
The change in body weight differed significantly (p

Figure 3. Changes in the serum aspartate transaminase
(A) and alanine transaminase (B) levels in the tolvaptan
(TOL) group are shown. There was no significant difference
between preadministration and tolvaptan initiation (p = 1.00
and p = 0.89), and no 2-fold increase in the serum aspartate
transaminase and serum alanine transaminase levels.

< 0.01) between groups (Figure 4A). The groups did
not differ significantly in the change in the daily urine
output volume (p = 0.88, Figure 4B).
Operative factors of the TOL and CDT groups are
shown in Table 3. The median amount of ascites was
higher in the TOL group (3,450 mL [500-13,550])
than in the CDT group (250 mL [0-4,750], p <
0.01). There were no significant differences between
groups in operation time, estimated blood loss, blood
transfusion, or Clavien-Dindo classification. Changes
in serum creatinine levels were not significant between
preadministration of tolvaptan and 1 month after liver
transplantation.
4. Discussion
The findings of this preliminary study demonstrated
the safety of a low dose of tolvaptan for far-advanced
ESLD patients with apparent and refractory ascites
taking dual conventional diuretics for a short period
before LDLT. Tolvaptan administration could be

Figure 4. (A) Change in body weight in both groups. There
was a significant difference between groups (p < 0.01). (B)
Change in daily urine output volume in both groups. There
was no significant difference between groups (p = 0.88).

Table 2. Tolvaptan was considered effective in 60% (6/10) of the patients
Relative factors

Effective (n = 6)

No effective (n = 4)

P value

Child-Pugh score
Model for end-stage liver disease score
Total bilirubin (mg/dL)
Prothrombin time-international normalized ratio
Serum creatinine (mg/dL)
Serum sodium (mEq/L)
Operative factors
Operation time (min)
Estimated blood loss (mL)
Amount of ascites (mL)
Blood transfusion
Red blood cells (unit)
Fresh frozen plasma (unit)
Platelet concentrate (unit)
Clavien-Dindo classification (> III)

10.5 (8-11)
14.5 (10-19)
3.7 (1.7-19.3)
1.20 (1.15-1.63)
1.01 (0.50-1.62)
135 (122-139)

12.5 (11-13)
17 (14-21)
7.9 (4.3-14.4)
1.59 (1.26-1.78)
0.76 (0.75-0.98)
129 (127-131)

< 0.01*
0.24
0.39
0.05
0.52
0.16

657 (634-854)
4,323 (1,640-6,690)
1,450 (500-4,100)

639 (584-732)
6,565 (4,770-7,740)
7,050 (4,000-13,550)

0.39
0.10
0.04*

8 (4-14)
16 (12-28)
15 (10-20)
3

10 (8-20)
12 (12-28)
20 (10-40)
4

0.26
0.60
0.61
0.09

The median Child-Pugh score in the tolvaptan-effective and tolvaptan-ineffective groups was 10.5 (range 8-11) and 12.5 (11-13), respectively (p <
0.01). The median amount of ascites in the tolvaptan-effective and tolvaptan-ineffective groups was 1,450 mL (500-4,100) and 7,050 mL (4,00013,550), respectively (p = 0.03).
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Table 3. Operative factors in the tolvaptan (TOL) and conventional diuretic therapy (CDT) groups
Operative factors
Operation time (min)
Estimated blood loss (mL)
Amount of ascites (mL)
Blood transfusion
Red blood cells (unit)
Fresh frozen plasma (unit)
Platelet concentrate (unit)
Clavien-Dindo classification (>III)
Clavien-Dindo classification V

TOL (n = 10)

CDT (n = 23)

P value

657 (584-854)
5,660 (1,640-7,740)
3,450 (500-13,550)

697 (605-949)
3,530 (1,520-13,520)
250 (0-4,750)

0.18
0.08
< 0.01*

10 (4-20)
14 (12-28)
20 (10-40)
6
0

6 (0-28)
14 (8-28)
20 (0-40)
12
1

0.20
0.46
0.61
0.40
0.50

The median amount of ascites was significantly higher in the TOL group (3450 mL, range 500-13,550 than in the CDT group (250 mL, range
0-4,750; p < 0.01).

continued for all patients without a significant change
in liver function, and discontinued immediately after
LDLT without affecting renal function. Tolvaptan
demonstrated favorable effects in 60% (6/10) of the
patients, decreasing the body weight by at least 1.5 kg
during the 7 day treatment.
Ascites is a crucial manifestation that occurs as
a result of portal hypertension, the most common
manifestation of decompensated cirrhosis and usually
considered an important first sign (16). Proper
treatment of ascites is thought to relate to an overall
better outcome by reducing the likelihood of renal
and electrolyte complications, decreasing hospital
admissions, and providing a better quality of life for
ESLD patients (17). Somsouk and colleagues reported
that among patients awaiting liver transplantation,
those with moderate ascites had a significantly higher
mortality rate than those with little or no ascites
(18). D'Amico and colleagues reported that mortality
increases from 3% to 20% per year in the presence of
ascites, and 5% to 7% of patients with compensated
cirrhosis annually progress to a decompensated status
(19). Ascites control is important for the management
of ESLD patients awaiting liver transplantation.
To control ascites, spironolactone, an aldosterone
antagonist, is started either alone or in combination
with a loop diuretic, furosemide. Nevertheless, ascites
may become refractory before LDLT. The International
Ascites Club defines refractory ascites as ascites
that cannot be mobilized or recurs early and cannot
be satisfactorily prevented by medical therapy (14).
Therapeutic abdominal paracentesis and a transjugular
intrahepatic portosystemic shunt are recommended
when these diuretics are not sufficiently effective or are
poorly tolerated (3), but post-paracentesis circulatory
dysfunction is a critical side effect (20). Tolvaptan, a
new diuretic with a different mechanism of action (5),
may have a role in the treatment of ESLD patients with
refractory ascites who are on the waiting list for liver
transplantation, but there have been no reports. The
present study is the first report of the use of tolvaptan
for ESLD patients awaiting liver transplantation.
Severe liver dysfunction is reported to be an adverse

effect of tolvaptan (12,21). Safety remains a concern.
According to one report published in 2015, tolvaptan
was evaluated in a clinical trial of autosomal dominant
polycystic kidney disease patients. A total of 1,445
subjects were randomized 2:1 (tolvaptan vs. placebo)
(12). Significant increases in serum aminotransferase
were detected in 16 patients on tolvaptan and in only 1
on placebo. The onset of hepatocellular injury occurred
between 3 and 18 months after starting tolvaptan and
gradually improved over the subsequent 1 to 4 months.
Although hepatocellular injury was infrequent and
reversible, there is a potential for serious irreversible
injury. The authors recommended that transaminase
levels be monitored regularly (12). Notably, however,
in their study, the dose of tolvaptan was high, 60 mg to
120 mg/day. In the present study, a low dose tolvaptan
was administered without significant alterations in
liver function. The dose used in the present study was
selected on the basis of a tolvaptan phase III trial in
Japan (10).
In a Japanese clinical trial of cirrhotic patients, a
dose of tolvaptan of 7.5 to 15 mg/day was selected
as the optimal dose for liver cirrhosis patients (22).
The details of that study are unknown, but there
was no tolvaptan withdrawal from the study due to
aminotransferase elevation and/or hepatocellular injury.
In the present study, we selected a dose of 3.75 to 7.5
mg/day. No significant liver damage was detected
during close follow-up after the initiation of tolvaptan
therapy before liver transplantation. Thus, a low dose
of tolvaptan may be safe for ESLD patients for a short
period before LDLT.
In the non-transplant setting, a similar targeted
patient population was reported (23). According to
a report of post-marketing surveillance of tolvaptan
for cirrhotic patients with edema or ascites, the mean
decrease in body weight from baseline was -2.4 kg
on day 7 (23). Surveillance focused on patients with
better liver function. In their report, half of the cohort
was classified as Child-Pugh A to B and the remaining
patients were classified as Child-Pugh C. The total
bilirubin level and mean platelet count were 2.4 mg/
dl and 12.1 × 10 4 µL, resepctively. In the present
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study, patients had far-advanced liver function. The
median Child-Pugh score, total bilirubin level, and
platelet count were 11, 5.2 mg/dL, and 7.1 × 104 µL,
respectively. In the surveillance report, many details
of changes in liver function remained to be clarified.
The present study is the first to detail the changes in
liver function during tolvaptan administration. Further
studies are needed to clarify the effects of longer term
use of tolvaptan in those patients.
On the basis of previous reports, we defined the
tolvaptan-effective group as those patients on tolvaptan
who lost more than 1.5 kg body weight within 7 days
(22). Patients in the tolvaptan-ineffective group showed
an increase in body weight despite an increase in the
daily urine output volume. Although a low dose of
tolvaptan was used, thirst was another problem for
those in the tolvaptan-ineffective group, which led
to difficulties in controlling their body weight. In the
present study, the median Child-Pugh score of the
tolvaptan-effective group was lower than that in the
tolvaptan-ineffective group (10.5 vs. 12.5). The small
number of patients and short administration period
are limitations of the present study. In addition, the
disease severity of patients in the TOL and CDT groups
differed, resulting in a selection bias. Further, because
the cohort size was not sufficient, there was also a
statistical bias. The Child-Pugh score may be useful
for selecting patients for tolvaptan administration, but
studies of a larger patient cohort are needed to confirm
this speculation. The findings of the present study
demonstrate that tolvaptan administration may be a
promising strategy for ESLD patients awaiting liver
transplantation, but further evaluation is necessary.
In conclusion, administration of a low dose of
tolvaptan may be safe for far-advanced ESLD patients
for a short period before LDLT.
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Summary

Histone deacetylase is an important member of epigenetics and a well validated target for
anti-cancer drug discovery. In this study, we designed and synthesized a series of twenty-one
novel hydroxamic acid-based histone deacetylase inhibitors with 4-piperidin-4-yl-triazole as
the core skeleton. Most target compounds displayed excellent inhibition rates toward histone
deacetylases at the concentration of 1 μM. Among them, the inhibition rates of two compounds
MH1-18 and MH1-21 exceeded 90%. Furthermore, these two compounds selectively inhibited
the activity of histone deacetylase 6 with low IC50 values. The high potency of them toward
histone deacetylase 6 was rationalized by molecular docking studies. We found that MH1-18
and MH1-21 moderately inhibited the proliferation of four human cancer cell lines SGC-7901,
NCI-H226, MCF-7, and HL-60. However, MH1-21 showed potent efficacy in suppressing the
migration of MCF-7 cells. Results obtained in the current study shed light on designing potent
HDAC6 inhibitors as anti-cancer agents.
Keywords: Histone deacetylase, isoform, selective, inhibitor, anti-tumor

1. Introduction
Acetylation as one of the most important covalent
modification manners in the field of epigenetics, the
level of it is taken control of by two families of enzymes
with opposite mechanisms, histone acetyltransferases
(HATs) and histone deacetylases (HDACs). HDACs are
responsible for removal of the acetyl group from lysine
residues in histones and non-histone substrates (1). Till
now, 18 isoforms of HDACs have been discovered,
and they are divided into four categories based on their
sequence similarity and functions: class I (HDAC1, 2,
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3 and 8), class II (class IIa (HDAC4, 5, 7 and 9) and
class IIb (HDAC6 and 10)) and class IV (HDAC11)
are all zinc-dependent HDACs, while class III HDACs
are NAD+-dependent (2-4). Studies demonstrated that
HDACs are key enzymes regulating important cell
processes such as cell-cycle progression and apoptosis
(2-4).
Overexpression of HDAC is involved in many
cancers, so HDAC has become an important target in
the development of anti-cancer drugs (5-9). A large
number of HDAC inhibitors (HDACis) have been
reported and some of them have been approved by FDA
such as vorinostat (SAHA), romidepsin, belinostat,
panobinostat, and chidamide (10-12). Pan-HDACis
as the majority of reported HDACis often cause some
adverse effects, such as fatigue, nausea, vomiting,
and cardiotoxicity (13-15) which greatly limit their
application in cancer therapy. To avoid these adverse
effects and enhance the efficacy against solid tumors,
more and more researches are concentrating on the
development of isoform selective HDACis, especially
HDAC6 selective inhibitors which usually cause
less toxicities. Different from other HDAC isoforms,
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HDAC6 is located in the cytoplasm and mainly
responsible for deacetylating non-histone substrates
such as α-tubulin, cortactin, HSP90, and other proteins
(16,17). HDAC6 is involved in many cellular processes
such as misfolded protein degradation, cell adhesion,
cell migration, cell growth, immune synapse formation
and stress granule formation (18,19). Several selective
HDAC6 inhibitors have been extensively explored
due to their relatively low toxicity compared with
pan-HDACis (4,20). ACY1215, a well-known and
moderately selective HDAC6 inhibitor with 10- to 12fold selectivity over class I HDACs, is now in phase I/
II clinical trials in combination with dexamethasone
and bortezomib, lenalidomide, or pomalidomide for the
treatment of multiple myeloma (21-23).
In this work, we designed and synthesized novel
HDAC6 selective inhibitors utilizing 4-piperidin-4-yltriazole fragment as the backbone. Enzyme inhibition
activity, antiproliferative activity, anti-migration activity
and their proposed binding modes with HDAC6 were
all investigated.
2. Materials and Methods
2.1. Chemistry
All chemical reagents and solvents were purchased
from Energy Chemical (Shanghai, China), and used
as received without any purification. Thin-layer
chromatography was performed on 0.20 mm Silica Gel
60 F254 plates (Qingdao Haiyang Chemical, China).
MS spectra were acquired on a Thermo Scientific LTQ
Orbitrap XL mass spectrometer. 1H NMR spectra, and
13C NMR spectra were acquired on a Bruker DRX
400 NMR spectrometer using CDCl 3 or DMSO-d6
as solvent. Chemical shifts were reported in parts per
million (ppm, δ) relative to the solvent peak (1H, CDCl3
δ 7.26 ppm, DMSO‐d6 δ 2.50 ppm; 13C, CDCl3 δ 77.0
ppm, DMSO‐d6 δ 39.6 ppm). Coupling constants (J)
were measured in hertz (Hz).
2.2. Cell line and cell culture
Human cancer cell lines SGC-7901 (gastric cancer),
NCI-H226 (lung squamous cell cancer), MCF-7 (breast
cancer), and HL-60 (leukemia) were obtained from
China Cell Bank (Shanghai, China) and maintained in
RPMI-1640 supplemented with 10% fetal bovine serum
(FBS; PAN Biotech) at 37°C in a humid atmosphere (5%
CO2-95% air).
2.3. In vitro HDAC inhibition fluorescence assay
In brief, 10 μL of enzyme solution (HeLa cell nuclear
extract, HDAC1, or HDAC6) was mixed with different
concentrations of tested compounds (50 μL). The
mixture was incubated at 37°C for 5 min, followed by
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adding 40 μL fluorogenic substrate (Boc-Lys(acetyl)AMC). After incubation at 37°C for 30 min, the mixture
was quenched by addition of 100 μL of developer
containing trypsin and trichostatin A (TSA). Over
another incubation at 37°C for 20 min, fluorescence
intensity was measured using a microplate reader at
excitation and emission wavelengths of 390 and 460
nm, respectively. The inhibition rates were calculated
from the fluorescence intensity readings of tested wells
relative to those of control wells, and the IC50 values
were calculated using a regression analysis of the
concentration/inhibition data.
2.4. In vitro antiproliferative activity assay
The antiproliferative activities of the compounds were
tested in four human cancer cell lines SGC-7901 (gastric
cancer), NCI-H226 (lung squamous cell cancer), MCF7 (breast cancer), and HL-60 (leukemia). Cells in
logarithmic phase were seeded in 96-well plates and
allowed to adhere (except for HL-60). Then the cells
were incubated with indicated concentrations of the
compounds for 72 h. 3-(4,5-Dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) was subsequently
added for an extra 3 h of incubation. The MTT
formazan precipitate was dissolved in DMSO, and
the absorbance was measured at a wavelength of 570
nm by a Spectramax M5 microtiter plate luminometer
(Molecular Devices, Sunnyvale, CA, USA) (24-26).
Experiments were performed in triplicate and repeated
for three times.
2.5. Wound healing assay
MCF-7 cells were seeded in 6-well plates at a density
of 106 cells/well and allowed to reach 100% confluence.
After treatment with mitomycin C (10 μg/mL, 12 h),
a scratch wound was created on the cell surface using
a 200-μL pipette tip. The detached cells were washed
away with PBS. The medium was changed to serum
free RPMI-1640 with the representative compound (at
three concentrations), and the cells were continuously
cultured for 48 h. The wound was photographed
with an inverted phase contrast microscope (Nikon;
magnification, 40×) at 0, 12, 24, 36, and 48 h. The
migration distance and areas were calculated using
ImageJ.
2.6. Docking study
Compounds were docked into the active site of HDAC6
(PDB entry: 5WGL) using Tripos SYBYL-X 2.1.
Before docking process, the protein structure retrieved
from PDB site was treated by deleting water molecules,
FF99 charges. A 100-step minimization process was
performed to further optimize the protein structure. The
molecular structures were generated with Sybyl/Sketch
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module and optimized using Powell's method with the
Tripos force field with convergence criterion set at 0.05
kcal/(Å mol) and assigned charges with the Gasteiger_
Hückel method (27). Molecular docking was carried
out via the Sybyl/SurflexDock module. Other docking
parameters were kept to the default values.

obtained. Specific synthetic procedures and spectroscopy
data of all compounds see supplementary data (http://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=42).

2.7. Statistical analysis

We first screened the inhibitory activity of all 21 final
products against Hela cell nucleus extracts whose main
component is class I HDACs. Single concentration
(1 μM) was used and the inhibition rate (%) was
calculated. The results were showed in Figure 1. All
21 compounds displayed moderate to strong inhibitory
activities against HDACs demonstrating that the
4-piperidin-4-yl-triazole fragment as the "cap" part and
the linker length were desirable. Among all compounds,
five ones (MH1-2, MH1-5, MH1-14, MH1-18, and
MH1-21) displayed potent inhibitory activity against
HDACs with the inhibition rate higher than 80% at 1
μM. The cap part structures of MH1-2, MH1-5, MH118, and MH1-21 all contained polar atoms such as
oxygen, fluoride and nitrogen which may contribute to
the interactions with HDACs. Notably, the inhibition
rates of compounds MH1-18 and MH1-21 were 93.6%
and 92.7%, respectively, comparable to that of SAHA
(96.3%).

Data were expressed as mean for at least three different
determinations. Statistical significance was analyzed
by one-way analysis of variance (ANOVA) followed
by Dunnett's multiple range tests. The value of p < 0.05
was considered as statistically significant. Statistical
analysis was performed using the SPSS/Win 16.0
software (SPSS, Inc, Chicago, IL, USA).
3. Results and Discussion
3.1. Chemistry
The structures of all 21 target compounds and the
synthetic route were showed in Scheme 1. In general,
the canonical pharmacophore of a HDACi is composed
of three parts: a cap structure that can interact with the
rim of the entrance of the active pocket of HDACs,
a zinc ion (Zn2+) binding group (ZBG), and a linker
responsible for the connection of cap and ZBG and for
interaction with the hydrophobic tunnel of the active
site (28). In this work, we designed and synthesized
novel HDAC6 selective inhibitors utilizing 4-piperidin4-yl-triazole fragment as core skeleton and the cap part.
Actually, many HDACis containing a triazole moiety
were reported due to its structural stability. Triazole is
relatively resistant to metabolic degradation and can
perform as an bioisostere of esters and amides (29).
Hydroxamic acid was selected as the ZBG due to its
strong affinity with Zn2+.
The organic synthesis work started with the
commercially available 1-Boc-4-hydroxypiperidine
which was allowed to react with methanesulfonyl
chloride (MsCl) in presence of triethylamine
(TEA) to give the methanesulfonyl ester 1. And the
methanesulfonyl ester was substituted by sodium azide
(NaN3) to give the azido intermediate 2. In another
hand, the methyl 6-propiolamidohexanoate 3 was
obtained by the condensation of methyl 6-aminocaproate
hydrochloride and propiolic acid in the presence TEA
and dicyclohexylcarbodiimide (DCC). Then compound
3 was allowed to react with compound 2 through Click
reaction to give the methyl ester compound 4. After deprotection mediated by trifluoroacetic acid (TFA), the
important derivative 5 was obtained and allowed to react
with different aryl acid to give the compounds 6-1 to
6-21. Finally, in the presence of NH2OH in anhydrous
methanol, the hydroxamic acid final products MH1-1 to
MH1-21 possessing different substituent groups were

3.2. In vitro anti-HDACs activity

3.3. HDAC isoform specificity of compounds MH1-18
and MH1-21
With two potent compounds MH1-18 and MH1-21
in hand, the isoform selectivity of them was further
evaluated. HDAC1 (class I) and HDAC6 (class IIb)
were selected as the targets, SAHA and HDAC6
selective inhibitor ACY1215 were utilized as the
positive controls. The result was showed in Table 1.
Consistent with published data, SAHA as a pan HDACi
was almost equipotent toward HDAC1 and 6 without
conspicuous selectivity. While, ACY1215 as a wellstudied HDAC6 selective inhibitor displayed high
potency to HDAC6 with the IC 50 value of 8.0 nM,
and the SF (6/1) (selectivity factor for HDAC6 over
HDAC1) was 9.1. Encouragingly, our two inhibitors
MH1-18 and MH1-21 were also robust HDAC6
inhibitors with the IC50 values of 11.5 and 8.6 nM,
respectively. And the SF (6/1) values were discernible
(10.4 and 12.3, respectively), even slightly better than
that of ACY1215.
3.4. In vitro antiproliferative activity of compounds
MH1-18 and MH1-21
Since compounds MH1-18 and MH1-21 had the best
HDACs inhibitory activity, they were evaluated in
an MTT assay to determine their antiproliferative
effect on human cancer cell line SGC-7901 (gastric
cancer), NCI-H226 (lung squamous cell cancer), MCF-

www.biosciencetrends.com

BioScience Trends. 2019; 13(2):197-203.

200

Scheme 1. Reagents and conditions: a. MsCl, TEA, DCM, 0℃; b. NaN3, DMF, 80℃; c. CuI, anhydrous THF, nitrogen, r.t.; d.
TFA:DCM = 1:5, r.t.; e. aromatic acid, HATU, N,N-diisopropylethylamine (DIPEA), dry DMF, r.t.; f. NH2OH, KOH, MeOH, r.t..
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Figure 1. The inhibition rates of all 21 compounds against
HDACs at 1 μM concentration.
Table 1. Inhibitory activity of four representative
compounds toward HDAC1 and 6
Compound
MH1-18
MH1-21
SAHA
ACY1215

IC50a, nM
HDAC1

HDAC6

119.2
105.6
43.2
73.0

11.5
8.6
20.7
8.0

SF(6/1)b
10.4
12.3
2.1
9.1

a

The IC 50 values are the means of three experiments. bSF(6/1):
selectivity factor for HDAC6 over HDAC1. SF(6/1) = IC50(HDAC1)/
IC50(HDAC6).

Table 2. Antiproliferative effects on four tumor cell lines
Compound
MH1-18
MH1-21
ACY1215
SAHA

Figure 2. MH1-21 suppressed migration of MCF-7 cells.
The effect of MH1-21 on MCF-7 tumor cell migration was
determined using a wound healing assay. The cells were
exposed to 12.5, 25, or 50 μM of MH1-21 for 12, 24, 36, and
48 h, respectively, and the wound areas were measured at each
time point. *p < 0.05, **p < 0.01, ***p < 0.001 vs. control.

IC50a, nM
SGC-7901 NCI-H226

MCF-7

HL-60

N.D.
166.3
10.2
5.8

N.D.
226.4
6.31
7.10

57.7
43.8
6.73
3.87

N.D.
119.3
7.44
5.41

a

IC50 values are the mean of at least three experiments. N.D., not
determined.

7 (breast cancer), and HL-60 (leukemia). Treatment
with our two compounds as well as the positive
control SAHA and ACY1215 for 72 h resulted in
dose-dependent growth inhibition of all four cancer
cell lines (Table 2). Contrast to the strong enzyme
inhibitory activity, our two compounds MH1-18 and
MH1-21 showed moderate activity in suppressing
the cell proliferation, with IC50 values more than 40
μM for the four cancer lines. This result is consistent
with the low antiproliferative activity of many known
selective HDAC6 inhibitors (20,30). For example, in
our previous work, we designed and synthesized three
novel HDAC6 inhibitors LYP-2, -3, and -6 with the
4-aminopiperidine-1-carboxamide as the core structure
which showed moderate efficacy in suppressing the
proliferation of cancer cells (20). In another study,
HDAC6 selective inhibitor 4-hydroxybenzoic acid
failed to induce significant cell death in MCF-7 cells

at concentrations below 20 μM (30). On the other
hand, the relatively low antiproliferation activity of
MH1-18 and MH1-21 may possibly be attributed to
their high polarity, as the calculated LogP (cLogP)
values of MH1-18 and MH1-21 were -1.03 and 0.40
(by ChemDraw 14.0), respectively. While the cLogP
values of ACY1215 and SAHA were 3.38 and 0.989.
The permeability across the cell membrane of our
compounds might be further improved.
3.5. Compound MH1-21 suppressed the migratory
capability of MCF-7 tumor cells
As reported, HDAC6 plays a significant role in
migration of tumor cells (31), in this work, we tested
the anti-migration activity of compound MH1-21 which
displayed best inhibitory activity toward HDAC6 with
good selective index. To investigate the anti-migration
effect of MH1-21, an in vitro wound healing assay was
performed using MCF-7 cells. Results were showed
in Figure 2, which indicated that treatment with three
concentrations of MH1-21 (12.5, 25 and 50 μM) all
remarkably reduced the migratory capability of MCF7 cells compared to that of the blank control group at
12, 24, 36 and 48 h after wound creation. This result
suggested that compound MH1-21 possessing potent
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Figure 3. Proposed binding model of compounds MH1-18 (A) and MH1-21 (B) with HDAC6 (derived by modification of
PDB code 5WGL using Tripos SYBYL-X 2.1). The Zn2+ is shown as a blue sphere. Hydrogen bonds are shown as green dashed
lines. The figure was generated by Discovery Studio Visualizer.

inhibitory activity toward HDAC6 was able to inhibit
the migration of MCF-7 cells.
3.6. The docking results of compound MH1-18 and
MH1-21 to HDAC6

ACY1215. In addition, compound MH1-21 showed
potent efficacy in suppressing the migration of MCF-7
cells in vitro. Compounds obtained in the current study
shed light on discovering novel HDAC6 inhibitors as
anti-cancer agents.

Considering that compound MH1-18 and MH1-21
displayed potent inhibitory activity toward HDAC6,
we investigated the proposed binding modes of these
two compounds with HDAC6 (Figure 3). The crystal
structure of Danio rerio histone deacetylase 6 catalytic
domain 2 in complex with ACY1215 was used as the
template (PDB code: 5WGL). From the proposed
binding mode, we can see that the hydroxamic acid
group of both compounds can smoothly chelate with
the Zn 2+ which makes contribution for the HDAC6
inhibition. For compound MH1-18 (Figure 3A), the
oxygen atom of the terminal carboxyl group forms a
hydrogen bond with Arg636 residue of HDAC6. While
for compound MH1-21 (Figure 3B), the oxygen atom of
the carboxyl group forms an extra hydrogen bond with
Ser531 residue of HDAC6, and a π-π stack interaction
is predicted to be formed between the triazole and the
phenyl group of Phe643 residue.
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Summary

Circular RNA (circRNA) is a class of endogenous non-coding RNAs that are closely related to
the pathogenesis of many human diseases, particularly cancer. However, the characterization
of circRNAs in high-grade serous ovarian cancer (HGSOC) remains unknown. This study
aimed to investigate the expression profile of circRNAs in HGSOC. Expression profiles of
circRNAs differential expression based on circRNAs High-throughput sequencing were
identified in 3 HGSOC specimens and 3 normal ovarian tissues. A total of 710 differentially
expressed circRNAs were found (354 expressions up-regulated and 356 expressions downregulated). CircRNA sequencing data were verified by qRT-PCR in HGSOC tissue and
benign ovarian lesions. Differential expression of 7 circRNAs (circRNA385, circRNA2058,
circRNA3336, circRNA2606, circRNA1656, circRNA1312 and circRNA7474) in HGSOC
tissue was confirmed by qRT-PCR. Among them, circRNA1656 showed the highest fold
change. qRT-PCR was used to verify the expression of circRNA1656 in ovarian cancer cell
lines. In order to analyze the relationship between circRNA1656 expression and clinical
pathological biological characteristics of HGSOC, qRT-PCR was used to verify the expression
of circRNA1656 in 60 HGSOC tissues compared with 60 benign ovarian lesions. The
expression of circRNA1656 was down-regulated in HGSOC tissues and ovarian cancer cell
lines, and correlated with the FIGO stage of HGSOC. circRNA1656 has the potential to serve
as a novel tumor marker for HGSOC.
Keywords: HGSOC, circular RNA, ovarian cancer, High-throughput sequencing, circular RNA
profile, circRNA1656

1. Introduction
Ovarian cancer has the second highest incidence of
gynecological malignant tumors, and is the leading cause
of cancer-related mortality in the female reproductive
system (1). The 5-year survival rate of Stage III-IV
ovarian cancer is only 30% (2,3). Epithelial ovarian
cancer (EOC) is the most important pathological subtype
of ovarian cancer, accounting for more than 90%.
Among the pathological subtypes of EOC, high-grade
Released online in J-STAGE as advance publication April 24,
2019.
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Dr. Min Wang, Department of Gynecology and Obstetrics,
Shengjing Hospital Affiliated of China Medical University, No.
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ovarian serous carcinoma (HGSOC) accounts for 6070% (4), the highest proportion. HGSOC often indicates
a worse clinical outcome. Current studies have shown
that HGSOC has a different pathogenesis from lowgrade serous ovarian cancer. Despite the heterogeneity of
HGSOC, the current treatment of clinical patients is not
specific, further clarifying the pathogenesis of HGSOC
and finding potential tumor markers or therapeutic
targets are essential for improving the 5-year survival
rate of HGSOC patients.
Circular RNAs (circRNAs) are characterized by
a covalent closed-loop structure with no 5' cap or 3'
polyadenylation tail (5,6), with the property of stable
structure, good conservation, tissue specificity, and
expression specificity at different developmental stages
in different species (7). These unique features make
circRNA a research hotspot.
To date, there is growing evidence that circRNAs
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are closely related to the pathogenesis of many human
diseases, particularly cancer (8). So far, various types
of cancer, including breast cancer (9), liver cancer (10),
gastric cancer (11), colorectal cancer (12), and bladder
cancer (13,14), have revealed abnormal expression
levels of circRNA. However, ovarian cancer-based
circRNAs research started late, with few studies. In
a study by LINING et al. (15), circRNA sequencing
analysis was performed in 4 matched EOCs and normal
ovarian tissues. CircRNA sequencing data was verified
by reverse transcription-quantitative polymerase chain
reaction (qRT-PCR) in 54 EOC specimens and 54 normal
ovarian tissues. In the subtype of EOC, existing studies
have shown that HGSOC has a different pathogenesis
from low-grade serous ovarian cancer. However, there
has been no HGSOC-based circRNA study reported
so far. So the aim of this study is to investigate the
pathogenesis of HGSOC by high-throughput sequencing
analysis of differential expression of circRNA in HGSOC
specimens.
2. Materials and Methods
2.1. Clinical samples
A total of 120 cases were included. The postoperative
pathology of all cases was confirmed by two chief
physicians of the Department of Pathology of Liaoning
Cancer Hospital & Institute, and all clinical data of the
enrolled cases were collected. Among them, 60 cases
of ovarian cancer cases were HGSOC; 60 cases in the
control group were pathologically confirmed ovarian
benign lesions. All cases had no history of tumors and
radiochemotherapy. Among them, 3 cases of HGSOC
and 3 cases of benign ovarian disease were chosen for
High-throughput sequencing. The 6 selected cases were
postmenopausal women with no endocrine diseases,
metabolic diseases, infectious diseases and other medical
history. This study was approved and supervised by
The Ethics Committees of Liaoning Cancer Hospital﹠
Institute, and written informed consent for participation
was obtained from all subjects before sample collection.
2.2. Cell lines and culture
Ovarian cancer cells SKOV-3, HO 8910, and A2780
were purchased from Puno, Wuhan; OVCAR-3 was
purchased from Zhongqiao Xinzhou, Shanghai; human
ovarian epithelial cells were purchased from Saibai,
Shanghai. All cells were cultured in a 37℃, 5% CO2
incubator. SKOV3 was cultured in McCoy's 5A medium
containing 10% fetal bovine serum; OVCAR-3 was
cultured in RPMI-1640 medium containing 20% fetal
bovine serum; A2780 was cultured in DMEM medium
containing 10% fetal bovine serum; HO 8910, Human
ovarian epithelial cells were cultured in RPMI-1640
medium containing 10% fetal bovine serum. The cells

used in the experiments were all in the logarithmic
growth phase.
2.3. High-throughput sequencing
The experimental procedure was performed according
to standard procedures provided by Illumina, including
preparative libraries and sequencing experiments. Total
RNA was treated with Trizol reagent (Invitrogen, CA,
USA) according to the manufacturer's protocol. The
purified RNA was randomly broken into short fragments
by Fragmentation Buffer, and the fragmented circular
RNA was used as a template to synthesize a strand
of cDNA with six-base random primers (Random
hexamers), followed by buffer and dNTPs. RNaseH
and DNA Polymerase I for double-stranded cDNA
synthesis. AMPure XP beads purified double-stranded
product, using T4 DNA polymerase and klenow DNA
polymerase activity to repair the sticky end of DNA to
blunt end, 3' end plus base A and linker, AMPure XP
beads for fragment selection, then USER enzyme. The
second strand of cDNA containing U was degraded,
and finally the final sequencing library was obtained by
PCR amplification. After the library was qualified, it was
sequenced by Illumina Hiseq 4000, and the sequencing
read length was double-ended 2 × 150 bp (PE150).
The circRNA sequence itself was predicted by CIRC
Explorer, the expression of these expressed circRNAs
was quantified by the results of the tophat comparison,
and dealt with the difference statistics between the
circRNAs. The data results were statistically analyzed
and graphically displayed using R language.
2.4. Quantitative real-time PCR (qRT-PCR)
RNA was extracted from cells and tissues. After
RNA extraction, cDNA was synthesized by reverse
transcription using super M-MLV reverse transcriptase
(BioTeke, Beijing, China). The expression level of
circRNA was evaluated by fluorescence quantitative
analysis using an SYBR Green assay (Solarbio, Beijing,
China) by an ExicyclerTM 96 fluorescence meter
(BIONEER, Korea). Primers designed to amplify circular
transcripts are shown in Table 1. The relative levels of
expression of selected circRNAs were measured using
the 2−ΔΔct method.
2.5. GO and KEEG enrichment analysis
Functional analysis of differential genes included GO
(Gene Ontology) enrichment analysis and KEGG (Kyoto
Encyclopedia of Genes and Genomes) signal pathway
enrichment analysis.
2.6. Statistical analysis
qRT-PCR validation is expressed as mean ± standard
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Table 1. The primers for qRT-PCR
Name

Forward ( from 5' to 3'),

Reverse( from 5' to 3'),

circRNA385
circRNA2606
circRNA2058
circRNA3336
circRNA1656
circRNA2558
circRNA1312
circRNA7474
GAPDH

TGGGTCGGCCAGTCATGTAT
ACCTCGATCTGTCCCAAGCA
TCAGGTGCTTTTCAGTGGGA
AATGCTGCATTCCCCTCTCG
CTGCGAGGTGGAGAAGGAGA
CGAAGTCGTTCAAGGGGTCG
GCTCAAGATCTTTGGCCAGAGC
CCACAGCCTTGCACAGTGTG3
CAGGAGGCATTGCTGATGAT

ACACAACTGCTTGGCTCTACT
GGTTTCTGCCCTGACACCTG
ACGCTTCAGCCTTTAAGACAGG
TCTCGAGACATGATGGCCCA
GACACACCCATGGCCATACG
AGAACTGCTCGAGGAGGACC
GCATTGCCACTCCTCCAGAGA
TCAACACCAGAGTCGTGATCATGT
GAAGGCTGGGGCTCATTT

error of the mean. The comparison between HGSOC
and benign ovarian lesions was performed by Student's
t test (two-tailed). Chi-square test was used to analyze
the correlation between circRNA1656 expression and
clinical pathological biological characteristics. The p
value < 0.05 was considered statistically significant.
3. Results and Discussion
3.1. CircRNA expression profile differentially expressed
by HGSOC
12,291 different circRNA candidates were found in all
samples. Then, we used P value < 0.05, with | log2fold
change | ≥ 1 to define the statistical criteria for selecting
aberrantly expressed circRNA. A total of 710 circRNAs
were differentially expressed, of which 354 were upregulated and 356 were down-regulated. Including
693 exonics, 7 intronics, and 3 antisenses. Differential
expression of circRNA between HGSOC group and
benign ovarian lesion group was demonstrated by cluster
analysis of heat map, volcano map and scatter plot.
According to the similarity of gene expression
profiles of the samples, the genes were clustered and
the differential gene clustering analysis heat map
visually showed the expression of the genes in different
samples. We used Log (FPKM+1) for gene expression
display. Each column represents a sample, and each
row represents a circRNA. The color scale reflects
the log2 signal strength, from green (low intensity)
to black (medium intensity) to red (strong intensity).
The hierarchical clustering map indicates the relative
expression levels of circRNA in the HGSOC group and
the normal ovarian group (Figure 1A).
The volcano map can be used to understand
the overall distribution of differentially expressed
circRNA. The volcano map was drawn for all genes
in the differential expression analysis by using log2
(fold change) as the abscissa and -log10 (p value) as
the ordinate. The abscissa represents the differential
expression fold change of the gene in different samples;
the ordinate represents the statistical significance of
the difference in gene expression changes; the red dots
represent significant differentially expressed transcripts,
and the gray dots represent non-significant differentially

expressed transcripts (Figure 1B).
The circRNA differential expression scatter plot can
visually display the differential expression of circRNA
in HGSOC and benign ovarian lesions. Among them,
the horizontal and vertical coordinates represent log10
values of circRNA expression in tumor tissues and
normal tissues, red represents differentially up-regulated
circRNA, green represents differentially down-regulated
circRNA, and blue represents non-differential circRNA
(Figure 1C).
Studies have shown that circRNA plays an important
role in the occurrence and development of tumors and has
become a hot spot in cancer research. However, studies
on the correlation between ovarian cancer and circRNA
are rarely reported. Ahmed et al. (16) performed paired
sequencing of the primary site, peritoneal and lymph
node metastases in 3 patients with stage IIIC ovarian
cancer, and analyzed the differential expression profiles
of circRNA in the primary and metastatic sites of ovarian
cancer. In the study of LINING et al. (15), circRNA
sequencing analysis in 4 matched EOCs and normal
ovarian tissues and qRT-PCR verification revealed that
circEXOC6B and circN4BP2L2 are expected to be new
markers of EOC. It is well known that EOC is rich in
histopathological types, and the pathogenesis of HGSOC
is different from that of low-grade serous ovarian cancer.
Therefore, the circRNA expression profile of ovarian
EOC differentially expressed by LINING et al. (15) has
obvious limitations. Until now, the study of circRNA
in HGSOC, the most common and poorly prognostic
pathological subtype of ovarian cancer, has not been
reported. This study analyzed the circRNA expression
profile of HGSOC tissue for the first time, and found
354 up-regulated circRNAs, and 356 down-regulated
CircRNAs.
3.2. GO and KEEG enrichment analysis of differentially
expressed circRNAs
GO enrichment analysis is divided into three parts:
biological process, molecular function and cell
composition to interpret the function of differentially
expressed circRNA. The results are shown in plot
enriched GO DAG graph (Figure 2A) and histogram
(Figure 2B). As shown, the top 5 rankings of biological
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Figure 1. The differentially expressed circular RNAs (circRNAs). (A), Clustered heatmap. Each column represents a sample,
and each row represents a circRNA. The color scale reflects the log2 signal strength, from green (low intensity) to black (medium
intensity) to red (strong intensity). (B), Volcano plots. The red points in plot denote the differentially up-regulated expressed
circRNAs with statistical significance while the green points denote down-regulated. (C), Scatter plot. Red represents differentially
up-regulated cicRNA, green represents differentially down-regulated circRNA, and blue represents non-differential circRNA.

processes in which differentially expressed circRNAs are
predominantly involved in HGSOC are (1) regulation
of transcription, DNA-templated, (2) transcription,
DNA-templated, (3) signal transduction, (4) transport,
(5) positive regulation of GTP ase activity. The top 5
positions of the molecular functions of the differentially
expressed circRNAs in HGSOC are (1) protein binding,
(2) metal ion binding, (3) nucleotide binding, (4)
DNA binding, and (5) ATP binding. The top 5 order
of the cellular components involved in the differential
expression of circRNA in HGSOC are (1) cytoplasm,
(2) membrane, (3) nucleus, (4) cytosol, and (5) plasma
membrane. The first cell component of the differentially
expressed circRNAs in HGSOC was cytoplasm, and the
vast majority of the differential expression in this study
was exonic type, located in cytoplasm, consistent with
the results of GO enrichment analysis.
KEEG enrichment analysis can present enrichment
of possible pathways of action of differentially expressed
circRNA in HGSOC. As shown, the pathways for
differential expression of circRNA enrichment in
HGSOC are (1) Pathways in cancer (2) Rap1 signaling
pathway (3) PI3K-Akt signaling pathway (4) Tight
junction (5) Proteoglycans in cancer (Figure 2C). Except
for (4) tight junction, most pathways are closely related

to the pathogenesis of tumors. Rap1 plays a key role in
the development and progression of cancer. It inhibits
the transformation of oncogene Ras-induced cells; it
also induces malignant transformation of cells by a
switch molecule on the cell signaling pathway through
interaction with its downstream target molecules (17).
The PI3K-Akt signaling pathway is involved in the
regulation of various cellular functions such as cell
proliferation, differentiation, apoptosis, and glucose
transport, and is associated with a variety of tumors (18).
3.3. qRT-PCR verification High-throughput sequencing
results
Based on differential expression of circRNA fold change,
p value, FDR and fpkm, we selected 8 circRNAs for
qRT-PCR validation (Table 2). Validation was performed
in 40 HGSOC tissues and 40 ovarian benign lesions.
The results showed that the fold change of
circRNA2558 was down-regulated in qRT-PCR, which
was inconsistent with circRNA-seq results (up-regulated)
(p < 0.05). circRNA385, circRNA2058, circRN3336,
circRNA2606 and circRNA1656 expression were
down-regulated and qRT-PCR results were consistent
with circRNA-seq results (p < 0.05). The expression of
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circRNA1312 and circRNA7474 were up-regulated, and
the qRT-PCR results were consistent with the circRNAseq results (p < 0.05). The results of qRT-PCR verified in
the tissue were consistent with the circRNA-seq results,
which further validated the reliability of our circRNA-

seq results (Figure 3).
CircRNA has tissue-specific and developmental stage
specificity (19,20). The unique closed-loop structure
makes circRNA insensitive to ribonuclease and is highly
stable, allowing it to be fully expressed in various

Table 2. The 8 circRNAs chosen to to validate High-throughput sequencing by qRT-PCR
CircRNA ID

Chrom

CircRNA Type

CircRNA385
CircRNA2058
CircRNA3336
CircRNA2606
CircRNA2558
CircRNA1656
CircRNA1312
CircRNA7474

Chr11
Chr5
Chr9
Chr3
Chr3
Chr7
Chr19
Chr1

Exonic
Exonic
Exonic
Exonic
Exonic
Exonic
Exonic
Exonic

Gene symbol
HIPK3
RHOBTB3
BNC2
LRCH3
RSRC1
CLIP2
ZNY208
STIL

Log2Fold change
-1.24
-3.85
-2.30
-1.38
1.06
-1.09
2.26
2.53

P value
0.04
0.01
0.00
0.04
0.02
0.03
0.01
0.00

Figure 2. GO and KEEG enrichment analysis of differentially expressed circRNAs between HGSOC group and benign
ovarian lesions group. (A), GO enrichment analysis showed by plot enriched GO DAG graph. (B), GO enrichment analysis is
divided into three parts: biological process, molecular function and cell composition, a list of differential gene expression shows
abundances number for the function. (C), Scatter plot of KEEG enrichment analysis. The vertical axis shows the annotated
significantly enriched pathway of the significant differentially expressed gene. The horizontal axes shows the rich factor.
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tissues and body fluids. Existing studies have shown that
circRNA is stably expressed in human blood, saliva (21)
and urine. These features give circRNA the potential
to be a tumor marker for tumor diagnosis, treatment,
and prognosis follow-up. In this study, circRNA385,
circRNA2058, circRNA3336, circRNA2606,
circRNA1656, circRNA1312 and circRNA7474 are
expected to become a potential tumor marker, but further
research is needed.
3.4. KEEG analysis of circRNA1656
According to the results of the qRT-PCR validation
test, the differential expression of circRNA1656 was

Figure 3. Validation of 8 differentially expressed circular
RNAs according to circular sequencing.

the highest and consistent with the high-throughput
sequencing results, so circRNA1656 was selected for
subsequent investigation of its potential as a tumor
marker. CircRNA1656 (hsa-circ-0002755) is located
at chr 7:74356410-74357477 and belongs to exon type
circRNA. It is included in the authoritative database
CircBase of circRNA, with the ID: hsa-circ-0002755.
The gene signature of circRNA1656 is CLIP2, and
there are few studies on its CLIP2. Some studies have
shown that the loss of CLIP2 may be an important
factor leading to the pathogenesis of Williams-Beuren
syndrome (22,23). Studies on CLIP2 have focused on
the mechanisms of papillary thyroid cancer caused
by exposure to radioactive iodine after the Chernobyl
nuclear leak (24-26) . Several studies have shown that
CLIP2 is involved in basic carcinogenesis, including
apoptosis, mitogen-activated protein kinase signaling,
and genomic instability.
To further clarify the possible pathway of
circRNA1656, we performed a KEEG metabolic
pathway analysis of circRNA1656. Circ1656 has no
annotation information in the KEGG database, so we
draw the path map with the annotation of the host gene
CLIP2 corresponding to circ1656 in the KEGG database.
According to the analysis, circRNA1656 is mainly
involved in the GPI-anchor biosynthesis metabolic
pathway (Figure 4A). As can be seen from the figure,
circRNA1656 inhibits the expression of PIG-U, thereby
inhibiting GPI-anchor biosynthesis, affecting the binding

Figure 4. CircRNA1656 in HGSOC. (A), KEEG metabolic analysis of circRNA1656. CircRNA1656 is mainly involved in the
GPI-anchor biosynthesis metabolic pathway, circRNA1656 inhibits the expression of PIG-U. (B), CircRNA-miRNA network map of
circ1656. The red triangle represents circRNA1656 and the blue dot represents the miRNA that may interact with circRNA1656. (C),
The qRT-PCR results of circRNA1656 expression in NC(human ovarian epithelial cells), ovarian cancer cells. (D and E), The qRTPCR results of circRNA1656 expression in NC (benign ovarian lesion group) and HGSOC tissue.
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of proteins to cell membranes to play a biological
role. GPI is the only way in which proteins bind to
the cell membrane, and many receptors, antigens, and
biologically active proteins have been shown to bind to
cell membranes through GPI structures (27).
3.5. CircRNA-miRNA network map of circRNA1656
Current studies have shown that the competitive
inhibition of molecular sponges as miRNAs is the most
important mechanism of action of circRNA. To explore
the possible mechanism of action of circRNA1656,
based on bioinformatics and information mining,
predict miRNAs that may interact with circRNA1656
and map circRNA-miRNA networks (Figure 4B).
3.6. Detection of circRNA1656 expression in ovarian
cancer cell lines by qRT-PCR
qRT-PCR was used to detect the expression of
circRNA1656 in human ovarian epithelial cells, ovarian
cancer cells SKOV3, OVCAR-3, HO8910, and A2780
for the purpose of further verification of the circRNAseq results. The expression of circRNA1656 (2-ΔΔCt) in
the ovarian cancer cells were compared with human
ovarian epithelial cells (the average of 2-ΔΔCt was 1.0).
The results showed that circRNA1656 in the ovarian
cancer cells were all significantly down-regulated. The
p value was < 0.01 (Figure 4C). This result is consistent
with the results of circRNA-seq.
3.7. Detection of circRNA1656 expression in HGSOC
tissue by qRT-PCR
In order to further clarify the expression of circRNA1656
in HGSOC tissues, qRT-PCR was performed in 60
HGSOC tissues and 60 benign ovarian lesions. The
results showed that the expression level and overall
expression level of circRNA1656 in HGSOC tissues was
lower than that in the ovarian benign lesion group, and
the difference was statistically significant (Figure 4D and
4E).
3.8. Relationship between circRNA1656 expression
and clinical pathological biological characteristics of
HGSOC
In order to analyze the relationship between
circRNA1656 expression and clinical pathological
biological characteristics of HGSOC, 60 cases of
HGSOC patients were divided into 2 groups (low
expression group and high expression group) according
to the the median of Δct expression of circRNA1656
(11.9). The results showed that the expression of
circRNA1656 was correlated with the patient's FIGO
stage (p = 0.012), and the difference was statistically
significant. There was no correlation among

Table 3. Relationship between circRNA1656 expression
and clinical pathological biological characteristics of
HGSOC
clinical
characteristics
menopause
yes
no
ascites
yes
no
FIGO stage
I-II
III-IV
LN metastasis
Positive
negative
CA-125
Normal
Increasing

cases
(n = 60)

circRNA1656 expression
low

high

27
33

14
18

13
15

22
38

9
23

13
15

15
45

4
28

11
17

36
24

19
13

17
11

12
48

6
26

6
22

P value
0.475
0.0641
0.012
0.392
0.285

menopause, ascites, LN metastasis and CA-125 level
with the expression of circRNA (p > 0.05) (Table 3).
In conclusion, this study is the high-throughput
sequencing study of HGSOC to find differential
expression profiles of circRNA for the first time. A
total of 354 circRNA expressions were up-regulated
and 356 circRNA expression was down-regulated.
qRT-PCR confirmed circRNA385, circRNA2058,
circRNA3336, circRNA2606, and circRNA1656
were all down-regulated in HGSOC tissues, while
circRNA1312 and circRNA7474 were up-regulated in
HGSOC tissues (p < 0.05), consistent with circRNAseq results. circRNA1656 was down-regulated in both
HGSOC tissue and ovarian cancer cell lines, and was
significantly associated with HGSOC FIGO stage,
and is expected to become a novel tumor marker for
HGSOC.
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Summary

Adhesions due to previous upper abdominal surgery may complicate later liver
transplantation. Here we report successful living donor liver transplantation (LDLT) in
a patient with a history of total gastrectomy. A 32-year-old Japanese woman developed
end-stage liver failure due to alcoholic cirrhosis. She had undergone total gastrectomy,
pancreato-splenectomy, and partial colectomy due to rupture of a pancreatic cyst. LDLT
was performed using a right lobe graft from her sister. To minimize blood loss and injury
to the jejunum, adhesions between the left lobe and nearby organs were dissected without
blood flow in or out of the liver. The right liver graft was implanted uneventfully. She was
extubated on postoperative day (POD) 1, but then developed septic shock due to aspiration
pneumonia on POD 2. She was reintubated and antibiotics and antifungal agents were
administered. Administration of tacrolimus was changed to an intravenous route on POD 3.
Her condition improved and she was re-extubated on POD 9. On POD 14, tacrolimus was
administered orally. She was discharged from our hospital on POD 30 without any other
events and is doing well 6 months after LDLT. We believe that careful planning, such as
mobilizing the left lobe with the blood flow blocked just before liver explantation, elevating
the head of the bed during tube-feeding, and calculating the area under the curve after
drug administration will enable liver transplantation for patients with a history of total
gastrectomy.
Keywords: Total gastrectomy, adhesion, LDLT, aspiration pneumonia, tacrolimus

1. Introduction
The indications for liver transplantation (LT) in
high-risk patients have been cautiously expanded
due to improvements in LT techniques, including
surgical techniques, perioperative management,
immunosuppressive agents, and effective management
of secondary complications. As a result, LT may be
indicated in patients with significant comorbidities (1).
In patients with a history of abdominal surgery, the
operative procedures and postoperative management for
Released online in J-STAGE as advance publication April 15,
2019.
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LT are often difficult due to intra-abdominal adhesions
and distortion of bowel continuity, which may
complicate liver explantation and biliary reconstruction
(2-5). In addition, poor drug absorption in patients
that have undergone gastric resection or a Roux-en-Y
procedure may make immunosuppressive management
difficult (6,7). Although there are previous reports of
LT after distal gastrectomy or sleeve gastrectomy as
bariatric surgery (5,8), there are no published reports
describing LT in a patient with a history of total
gastrectomy. Here we report successful living donor
liver transplantation (LDLT) in a patient with a history
of total gastrectomy, pancreato-splenectomy, and partial
colectomy to treat a large pancreatic cyst rupture.
2. Patients and Methods
A 32-year-old Japanese woman developed end-stage
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Figure 1. Preoperative angiographic computed tomography.
These are coronal sections in the portal phase of preoperative
angiographic computed tomography. These images showed
severe adhesions between the left lobe and the Roux-Y jejunum
or transverse colon, and collateral blood vessels around the left
lateral segment.

liver failure due to alcoholic cirrhosis. She had a
history of total gastrectomy, pancreato-splenectomy,
and partial colectomy due to rupture of a pancreatic
cyst. LDLT was indicated and a right lobe graft was
obtained from her sister. Preoperative angiographic
computed tomography showed severe adhesions
between the left lobe and the Roux-en-Y jejunum, and
collateral blood vessels at the portal vein and around
the left lateral segment (Figure 1). Due to ABO bloodtype incompatibility between the donor and recipient,
rituximab (400 mg/body, body weight: 50 kg) was
administered daily for 14 days before LDLT for B cell
desensitization.
3. Results and Discussion
3.1. Surgical procedure, and clinical course of the
patient
A reverse T-shaped incision was made with a longer
midline incision to avoid the adhesions. At the
upper left abdominal cavity, severe adhesions were
observed between the liver and transverse colon. The
hepatoduodenal ligament was dissected first, and
then the hepatic arteries were divided and the portal
vein dissected. Next, the right lobe of the liver was
mobilized with the portal vein clamped. The short
hepatic veins were separated from the right side by
transecting the right hepatic vein because it was
impossible to approach the site from left side due to
adhesions between the jejunum and the left lobe of the
liver. The middle and left hepatic vein were transected
after clamping for subsequent anastomosis, followed
by transection of the portal vein. Without blood flow

Figure 2. Postoperative clinical course. NG, nasogastric;
MMF, mycophenolate mofetil; LDLT, living donor liver
transplantation; ICU, intensive care unit

in or out of the liver, adhesions between the left lobe
and the Roux-Y jejunum were dissected. In some areas
with the tough adhesions, the liver parenchyma was
resected using a vessel sealing system (Ligasure TM
Small Jaw, Covidien, Japan) to prevent injuring the
liver parenchyma covering the jejunum during surgery.
Dissection of all adhesions around the liver was
completed and the whole liver was explanted. A right
liver graft (weight: 665 g, graft to recipient body weight
ratio: 1.33%) with reconstruction of V5+V8 from the
patient’s sister was implanted in our regular fashion. No
other events occurred throughout the LDLT procedure.
The total blood loss was 15,780 mL and the operative
time was 782 min, including 204 min of functional
anhepatic time after clumping the portal vein until
reperfusion of the graft. After the operation, the patient
was transferred to the intensive care unit on mechanical
ventilation.
The postoperative course of the patient is shown
in Figure 2. Immunosuppression was initiated with
the administration of tacrolimus, steroids, and
mycophenolate mofetil (MMF) using a nasogastric
tube on postoperative day (POD) 1. This is our usual
protocol for ABO blood type-incompatible LT. After
extubating on POD 1, her respiratory condition
worsened and she developed septic shock due to
aspiration pneumonia. She was re-intubated on
POD 2 and administered antibiotics (meropenem +
vancomycin) and antifungal (micafungin) agents, as
well as vasopressors and continuous hemodiafiltration
with endotoxin absorption. To minimize the risk of
aspiration and maintain the blood concentration of
tacrolimus, administration of tacrolimus was changed
to an intravenous route on POD 3. The target trough
value was set to 8~10 ng/mL. Her condition improved
gradually, and she was re-extubated on POD 9. On
POD 14, she was moved from the ICU to the general
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Table 1. Recommendations for liver transplantation in patients with a history of total gastrectomy
1) Mobilize the left lobe with the blood flow blocked just before liver explanation.
2) Place patients with a history of total gastrectomy in a head-up position while administering medicines or enteral nutrients.
3) Administer tacrolimus intravenously immediately after liver transplantation.

ward and tacrolimus was administered orally. She was
discharged from the hospital on POD 30 and is doing
well 6 months after LDLT.
She was administered 4 mg of tacrolimus every
12 h and the blood concentration of tacrolimus was
checked to determine the trough level at, 2 h, 3 h, and 4
h after administration (4.5 ng/mL, 25.1 ng/mL, 13.6 ng/
mL, and 9.8 ng/mL, respectively). The area under the
curve (AUC) for the blood concentration of tacrolimus
revealed a trough level of 200 ng hour/mL; the trough
level in patients with a total stomach is 5~7 ng/mL. The
trough level of MMF ranged from less than 0.4 to 1.83
ng/mL when the patient was administered 1,000 mg of
MMF every 12 h.
3.2. Surgical technique in patients with severe adhesions
LT for patients with a history of partial gastrectomy,
especially sleeve gastrectomy, was recently reported
(2-5,8), but there are no reports of LT for patients
with a history of total gastrectomy. Therefore, to our
knowledge this is the first case of LDLT for a patient
with a history of total gastrectomy. The successful
outcome of the present case demonstrates the feasibility
of LDLT as a treatment option for such patients.
With respect to the surgical techniques, mobilizing
the left lobe with the blood flow blocked just before
liver explantation effectively minimized blood
loss during surgery. During LT, hyperfibrinolysis
occurs at the anhepatic phase and immediately after
reperfusion (9), when bleeding tends to increase. As
such, minimizing bleeding before liver explantation is
crucial. When performing LT in a patient with cirrhosis
and a history of upper abdominal surgery, collateral
vessel and adhesions around the liver may cause a
large amount of intraoperative bleeding. A previous
report described an intraoperative demise during LT
after distal pancreatectomy (10). In the present case,
dissection of adhesions around the left lateral lobe was
performed just before explantation without blood flow
in or out of the liver. Retrograde liver explantation, in
which the transection of hepatic veins is performed
before transection of all structures in the hepatoduodenal
ligament, is effective in cases with shortening of the
hepatoduodenal structure due to adhesions and sufficient
collateral venous formation (8).
Intraoperative injuries to the intestine and colon
when dissecting adhesions around the liver may cause
severe complications in immunosuppressed patients
after surgery. For this reason, when tough adhesions

were dissected, the liver parenchyma was resected
using a vessel sealing system and the jejunum was not
injured due to the remnant liver parenchyma covering
the jejunum.
Even if severe adhesions between the left lobe and
the organ around the left lobe are predicted, elaborating
on a surgical plan in advance can make LT possible for
a patient with a history of upper abdominal surgery.
3.3. Postoperative management of patients with total
gastrectomy
In the present case, aspiration pneumonia led to septic
shock, likely due to absence of the gastric cardia and
a strong immunosuppressive state were considered to
be the reasons. Kaneda et al. reported that previous
gastrectomy is a risk factor for postoperative pneumonia
and recommended preoperative administration of
ranitidine and antibiotics with a broader spectrum than
that of cefazolin to prevent postoperative pneumonia
(11). Elevating the head of the bed head during tubefeeding may also be effective for preventing aspiration
(12). In light of our experience, patients with a history
of total gastrectomy should be in a head-up position for
a longer time and the injection rate should be decreased
to avoid aspiration during administration of medicines
or enteral nutrients.
Regarding immunosuppressive agents, drug
absorption in patients without a stomach is unclear (6).
The majority of oral tacrolimus absorption occurs in
the proximal duodenum; however, it has been shown
that the drug is absorbed from the intestine to the colon
(7). In the present case, to keep the drug concentration
high enough to prevent acute cellular rejection and
to prevent aspiration, tacrolimus was administrated
intravenously beginning on POD 3. After changing
to oral administration of the drug, a higher dose of
tacrolimus than usual was required in the present case
to maintain an appropriate AUC of tacrolimus. MMF
is primarily absorbed in the stomach (7), so the trough
level of MMF was lower than expected in this case on
the basis of other cases. Intravenous administration
of tacrolimus and calculating the AUC by measuring
the drug concentration at more than three points
after administration is important for confirming the
pharmacokinetics of immunosuppressive agents in
patients with a history of total gastrectomy.
In conclusion, we believe that the three
recommendations described in Table 1 enable LT in a
patient with a history of total gastrectomy.
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and follow-up of an individual patient. Case
reports may contain a demographic profile
of the patient but usually describe an unusual
or novel occurrence. Unreported or unusual
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