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The toxicity and safety of traditional Chinese medicines: Please
treat with rationality

Pingping Cai', Hua Qiu’, Fanghua Qi', Xiaoyi Zhang"*

' Department of Traditional Chinese Medicine, Shandong Provincial Hospital affiliated to Shandong University, Ji'nan, China;
* Department of gynecology, Jinan Municipal Hospital of Traditional Chinese Medicine, Ji'nan, China.

Summary

For a long time, many people have believed that traditional Chinese medicines (TCMs)
are safe because they derive from natural products. However, this belief has been greatly
challenged in recent years especially after some reports on aristolochic acid involved in the
genesis of cancer. According to the Chinese pharmacopoeia, many TCMs are known to be
toxic, causing damage to the nervous, liver, renal, respiratory, and reproductive system.
How to reduce the toxicity of TCMs and how to avoid abuse of TCMs in daily practice is the
question? Here, we will give a brief summary and some tips on these issues. First, the accurate
differentiation of a specific syndrome is the foundation of an effective and individualized
treatment strategy, as well as the key to applying TCMs. Second, through standard processing,
proper compatibility, rational decoction, and appropriate dose for TCMs, the harm of TCMs
can be effectively avoided. Third, it should be remembered that Chinese herbs cannot be
taken continuously as dietary supplements. Finally, Chinese patent medicines should be used
with caution. In addition, the dosage of TCMs should not exceed the limit prescribed by the
current China Pharmacopoeia, which will ensure the balance of efficacy and toxicity. Taken
together, it is necessary to treat the toxicity and safety of TCMs with rationality. The more
toxicity we can find, the more safety patients will have.

Keywords: Traditional Chinese medicines (TCMs), Chinese patent medicines, dietary
supplements, toxicity, safety, rationality

1. Introduction

are derived from natural products. However, this belief
has been greatly challenged in recent years especially

Over the centuries, traditional Chinese medicines
(TCMs) have been widely used to treat numerous
diseases in China and other ancients from the orient
since they are relatively low cost, widely available
and have reliable therapeutic efficacy (/). Currently,
TCMs are receiving increasing attention worldwide as
alternative and supplemental medicines (2). The World
Health Organization estimates that 80% of the world
population uses herbal medicine. For a long time, many
people have believed that TCMs are safe because they

Released online in J-STAGE as advance publication
September 30, 2019.
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Dr. Xiaoyi Zhang, Department of Traditional Chinese
Medicine, Shandong Provincial Hospital affiliated to Shandong
University, No. 324, Jingwuweiqi Road, Ji'nan 250021,
Shandong, China.

E-mail: zhangxiaoyi6257@sina.com

after some reports on aristolochic acid involved in the
genesis of cancer (3). Thus, the toxicity and safety
issues of TCMs have aroused increasing concern by the
international community in recent years.

Are TCMs really toxic? As practitioners and
researchers of traditional Chinese medicine (TCM),
their answers are yes. In fact, many TCMs are really
toxic. Shennong's Herbal Classic (Shennong Bencao
Jing), finished in the Eastern Han Dynasty of China
(24-220 AD), is the oldest pharmacopoeia in the
world (4). It records 365 TCMs and these TCMs are
divided into top, middle and lower of three grades
(Table 1): (i) 120 TCMs belonging to the top grade
are non-toxic, nourishing and strong products, such
as ginseng, licorice, rehmannia, jujube, etc.; (i) 120
TCMs belonging to the middle grade are non-toxic or
toxic products, some of which can help the weak, such
as lily, angelica, longan, antler, efc., some can fight
evil and disease, such as berberine, ephedra, white

www.biosciencetrends.com
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Table 1. A brief introduction about Shennong's Herbal Classic (Shennong Bencao Jing)

Grade Number of herbs ~ Characteristic Common herbs

Top 120 Non-toxic, nourishing and strong products Ginseng, licorice, rehmannia, jujube, efc.
Middle 120 Non-toxic or toxic products, some of which can help the weak Berberine, ephedra, white peony, jaundice, efc.
Lower 150 poisonous products which can destroy evil spirits Rhubarb, aconite, croton, etc.

peony, jaundice and so on; (iii) 125 TCMs belonging
to the lower grade are poisonous products which can
destroy evil spirits, such as rhubarb, aconite, and
croton. Although many TCMs are toxic, as long as
they are used properly, the toxicity is exactly their
role. In TCM, the human body is divided into Yin
and Yang (5). Diseases occur when the Yin and Yang
balance is disrupted. Different herbs with toxicity
are used to restore this balance. That is to say, for
symptomatic treatment, toxic drugs are also safe; for
non-symptomatic treatment, non-toxic drugs are also
harmful. Therefore, it is necessary to treat the toxicity
and safety of TCMs with rationality. But how to reduce
the toxicity of TCMs and how to avoid abuse of TCMs
in daily use? These issues deserve to be seriously
considered by everyone. Here, we will give a brief
summary and some tips on these issues (Table 2).

2. How to reduce the toxicity of TCMs?

Many common drugs in the Chinese materia medica
are known to be toxic, causing damage to nervous,
liver, renal, respiratory system, and reproductive system
(Table 3) (6-14). The toxic components from TCM herbs
include alkaloids, anthraquinones, aristolochic acids,
cardiac glycosides and others (/5). Among the TCM-
induced side effects, aconite toxicity is of major concern,
which derives from Aconitum species (/6). Although
many TCMs are toxic, in clinical practice, their toxicity
can be avoided and their efficacy can be enhanced by
rational preparation, decoction, interaction with other
herbal medicines and so on (/7). Moreover, practitioners
of TCM should pay more attention to treating diseases
with TCM syndrome differentiation theory, mastering
reasonable doses of TCMs, and ceasing in time after
recovery. In addition, the dosage of TCMs should
not exceed the limit prescribed by the current China
Pharmacopoeia, and also should be strictly controlled
by considering various factors, which will ensure the
balance of efficacy and toxicity. The more toxicity we
can find, the more safety patients will have.

2.1. Syndrome differentiation of TCM

Syndrome differentiation and treatment of TCM is a
process of understanding diseases and solving disecases
using TCM theory and methods. TCM Syndrome, also
known as "ZHENG" in Chinese, is an integral and
essential part of TCM theory. The TCM syndrome can

Table 2. Some tips on treating the toxicity of traditional
Chinese medicines (TCMs)with rationality

Tips How to reduce the toxicity of TCMs?

1 Syndrome differentiation and treatment of TCM
2 Rational preparation

3 Reasonable compatibility

4 Proper processing

5 Correct decoction

6 Appropriate dose

Tips How to avoid improper use of TCMs in daily practice?

1 Do not regard TCMs as dietary supplements
2 Do not abuse Chinese patent medicines

be observed by a clinical TCM practitioner using the
traditional four diagnostic methods including inspection,
listening, inquiry, and palpation rather than micro-
level laboratory tests or imaging examination (/8). The
accurate differentiation of a specific syndrome is the
foundation of an effective and individualized treatment
strategy, as well as the key to recognizing the disease
state (/9). Therefore, syndrome differentiation plays the
most important role in the TCM system. It is the essence
of TCM, consistent with modern "precise medicine".
However, many people ignore the TCM practitioner's
advice on syndrome differentiation and treatment theory,
and regard TCMs as general ingredients to boil soup or
tea. In fact, if not following the theory of TCM, using
some medicated diet or herbal tea for a long time can
cause liver and kidney damage and some other toxicities.

In addition, according to the difference of a patient's
physical condition, TCMs should be used with caution
especially for the elderly, children and pregnant women.
As the body's function of the elderly is degenerative,
the distribution, absorption, metabolism and excretion
capacity of TCMs will be affected. For the elderly, the
dosage of TCMs should be strictly controlled, generally
starting with the "minimum dose" and reducing it as
appropriate. More importantly, as we all know, for
pregnant patients, the improper use of some Chinese
herbs can be harmful to the fetus, affect the growth of
the fetus, or cause the fetus to be teratogenic or aborted,
such as tripterygium, safflower, and so on. Using TCMs
during pregnancy, the TCM practitioners should not only
consider its therapeutic effects according to syndrome
differentiation and treatment theory, but also consider the
impact of these drugs on the growth and development of
the fetus or the newly born baby (20).

www.biosciencetrends.com
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Table 3. Some common Traditional Chinese medicines (TCMs) with severe toxicities

Toxicity

Ref:

Respiratory Carcinogenic Reproductive

Cardiologic Neurologic

liver Renal

Activity

Source

Scientific name

Common name

6,7

Analgesic; anti-inflammatory

Lateral root

Aconitum carmichaeli

Radix Aconiti

Fu-zi

6,8,9

Anti-inflammatory; analgesic; cardiotonic

Mother root

Chuan-wu
Cao-wu

6,9,10

Anti-inflammatory; analgesic; cardiotonic

Tuberous root
Grass stem

Radix Aconiti kusnezoffii

Ephedra sinica

6,11,12
6,13

Anti-inflammatory; cardiotonic; antiallergic; vasoconstrictive;
Analgesic; anti-inflammatory; cardiotonic; Antiasthma

Diuretic; anti-inflammatory; anti-cancer

Ma-huang
Xi-xin

Whole herb

Stem
Root

Asarum sieboldii

Guan-mu-tong  Caulis aristolochiae

Guang-fang-ji
He-shou-wu

6,11,13

6,11,13
6,14

Analgesic; antiallergic; anti-inflammatory;

Aristolochia fangchi

Anticancer; anti-hyperlipidemia; anti-aging; hair-blacking

Tuberous root

Polygonum multiflorum

2.2. Preparation of TCMs

Prior to sale as TCMs, raw herbs must undergo
physical and/or chemical pretreatment processes
(Paozhi in Chinese) after harvesting, for preservation,
detoxification, or enhancing efficacy (/7,27). According
to Pharmacopoeia of the People's Republic of China
2015, the processes of preparation include sun drying, stir
frying, roasting, honey frying, wine frying, soil frying,
vinegar frying, steaming, fumigation, calcination and
so on, which are the key methods for reducing toxicity
(6). Using methods of rational preparation, reasonable
compatibility, and proper processing based on traditional
experiences and new technologies, can enable TCMs to
be used safely and effectively. In the following section,
we will use aconitum species as examples to give a brief
introduction to the importance of rational preparation and
proper processing for TCMs.

Aconitum species, including including Chuan-wu
(Radix Aconiti), Cao-wu (Radix Aconiti kusnezoffii),
and Fu-zi (Aconitum carmichaeli), are well known
for their medicinal value and high lethal toxicity
in many Asian countries, notably China, India and
Japan. Aconitum carmichaelii, known as Fu-zi in
China, "bushi" in Japan, and "Kyeong-Po Buja" in
Korea, is the processed lateral root of Aconitum
carmichaelii Debeaux (Ranunculaceae) (22). It is
an officially recognized TCM with characteristic
analgesic and anti-inflammatory activities, whose
principal pharmacological ingredients are considered
to be aconitine-type diterpene alkaloids. Both Radix
Aconiti kusnezoffii (known as Cao-wu in China),
the root of Aconitum kusnezoffii Reichb., and Radix
Aconiti (known as Chuan-wu in China), the mother
root of Aconitum carmichaelii Debx., are believed to
possess anti-inflammatory, analgesic and cardiotonic
effects and have been widely used clinically in
the treatment of musculoskeletal disorders such as
rheumatic arthritis and painful joints for thousands of
years (23). The problem of toxicity is a constraint for
effective application of these aconitum species and are
sometimes life threatening. The heart and the central
nervous system are the primary toxicity targets (9).
Modern research has shown that the toxic components
of these aconite roots are diester diterpenoid alkaloids,
including aconitine, mesaconitine, hypaconitine,
neoline, talatizamine, beiwutine, and deoxyaconitine,
which are neurotoxins and cardiotoxins (24).

Aconitum species are only used after processing.
They can be used safely and effectively with the
methods of decoction, rational compatibility, and correct
processing based on traditional experiences and new
technologies (25). Moreover, current metabolomics
is vitally significant to evaluate toxicity and finding
detoxification methods for TCMs (26). A clear
understanding of the toxicity mechanism of aconitum
species and the influence on the metabolome are
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essential for clinical safety. Yan ef al. conducted a study
to analyze the toxicity and detoxification effects of herbal
Cao-wu via HPLC/MS metabolomics using a pattern
recognition method (/0). The research determined the
main target organs for toxicity are the heart and liver
after long-term administration of Cao-wu. Cao-wu
mainly affected glucuronate interconversions, nucleotide
sugar metabolism, fatty acid metabolism, and proline
metabolism associated with the liver; affected taurine
transformation, amino sugar metabolism associated with
the heart; and affected tryptophan metabolism associated
with the nervous system.

2.3. Proper compatibility of TCMs

Compatibility is a feature of the theoretical system
of TCM, which embodies the concept of syndrome
differentiation and treatment. The interaction between
compatible medicines includes mutual reinforcement
and the opposite, mutual restraint and detoxication,
mutual assistance and inhibition according to Shennong's
Herbal Classic (27). It can play a role of detoxification or
increased efficiency through proper compatibility. Here,
we will use aconitum species as examples to give a brief
introduction to the importance of proper compatibility
for TCMs.

Screened from classical TCM prescriptions,
combinatorial intervention of Cao-wu with Gancao
(Radix Glyeyrrhizae), Baishao (Radix Paeoniae Alba),
Ganjiang (Rhizoma Zingiberis), and Renshen (Radix
Ginseng) are the most extensively used combinatorial
intervention drugs in the clinical setting to decrease
toxicity and enhance efficacy (28). Modern research
has shown that metabolomics is vitally significant to
evaluate toxicity and find detoxification methods for
TCMs. Dong et al conducted a study using urinary
metabolomics, which were examined by UPLC-
Q-TOF-HDMS and the mass spectra signals of the
detected metabolites were systematically analyzed
using pattern recognition methods (25). The expression
levels of toxicity biomarkers in the urine were analyzed
to evaluate the detoxification of Cao-wu combined with
Gancao (Radix Glyeyrrhizae), Baishao (Radix Paconiae
Alba) and Ganjiang (Rhizoma Zingiberis). They
found that three compatible drugs could effectively
detoxify Cao-wu. After compatibility, the content of
ester alkaloids showed a descending tendency, which
decreases the toxicity of aconitum plants. Another study
indicated that after administration of Gancao, Baishao,
and Renshen (Radix Ginseng), the metabolic markers of
metabolic pathways and metabolic direction associated
with toxicity of Cao-wu decreased, which then had no
toxic effect on the body (10).

2.4. Correct decocting methods for TCMs

Most TCMs are used as a decoction and the correct

decocting method can be effectively used to remove the
toxicity of some TCMs. Decoction for a longer time
represents a traditional way to detoxify toxic TCM
herbs. The process of decoction can make the toxic
components changes after boiling.

Some poisonous TCMs such as aconitum species
(Chuan-wu, Cao-wu, and Fu-zi), and raw Pinellia
ternata (Banxia in Chinese) should be decocted first
for 1-2 h to reduce toxicity and increase safety and
effectiveness (6). As mentioned above, the toxic
components of these aconitum species roots are diester
diterpenoid alkaloids, including aconitine, mesaconitine,
hypaconitine, deoxyaconitine, and so on, which are
neurotoxins and cardiotoxins (24). The toxicity of these
diester diterpenoid alkaloids are hydrolyzed into non-
toxic derivatives by water decoction. Therefore, long-
time decoction was commonly applied as a traditional
way to detoxify TCMs from aconitum species roots
before use. Why has long-time decoction been used
as a traditional way for detoxifying aconitum species?
Why has it been widely applied in many aconitum
species such as Fu-zi-contained in TCM prescriptions?
Some modern pharmacological studies have given
a scientific explanation for these questions. Water-
decoction hydrolyzes diester diterpenoid alkaloids
into non-toxic derivatives by removing their acetyl
group and benzoyl ester group (29). However, some
reports indicated that Fu-zi is not sufficiently safe even
after long-time decoction. Sun et al. (30) applied both
rodent and zebrafish models to thoroughly evaluate
the safety of the traditional detoxification method and
applied chemoprofile analyses to analyze the underlying
phytochemical basis. They concluded that Fu-zi is
not sufficiently safe even after long-time decoction.
This indicates that the detoxifying effect of long-
time decoction on some poisonous TCMs remains
controversial and needs to be further studied.

Rhubarb (Rheum rhabarbarum, Dahuang in Chinese)
is a species of plant in the family Polygonaceae.
Anthraquinones are the main components of Rhubarb.
Rhubarb is well known for its cathartic effect and has
been used as a laxative for several thousand years. It
has been widely prescribed to treat gastrointestinal
disease, hepatitis, blood diseases, chronic renal failure,
and especially constipation due to its effective purgative
activity (37). To better play its role as a purgative,
Rhubarb is usually given a short time decoction. That
is to say, after some other Chinese herbs of a TCM
prescription have been boiled for a while Rhubarb will
then be added and boiled together (32). If Rhubarb
is given a long time decoction, its active components
anthraquinones will be destroyed and its purgative
activity will be decreased. Rhubarb has been reported
to have diarrhoeogenic and anti-diarrhoeal bidirectional
effects due to the coexistence of anthraquinones and
tannins. The bidirectional effects might be the reason or
one of the reasons for the adverse effects of long-term
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use of rhubarb as a purgative (33).

3. How to avoid improper use of TCMs in daily
practice

As can be seen from the above, through strict syndrome
differentiation and treatment, standard processing,
proper compatibility, rational decoction, and appropriate
dose for TCMs, the harm of Chinese herbal medicine
can be effectively avoided by clinical TCM physicians
and practitioners. Nevertheless, for the majority of
non-TCM professionals, they are often harmed by
some TCMs unconsciously. Here, we will give a brief
summary and some tips on how to avoid improper use
of TCMs in daily practice.

3.1. Do not regard TCMs as dietary supplements

Currently, with the increasing popularity of herbal
products and traditional Chinese medicine as alternative
and supplemental medicines in the Western world,
therapeutic effects of some Chinese herbs have been
exaggerated or distorted, and the herbs are usually
regarded as dietary supplements and misused (34).
Chinese herbs can be toxic, which has been proven
through laboratory research. Both clinical practice
and research have demonstrated that TCMs are a
special type of natural materia medica, and not dietary
supplements. In contrast, dietary supplements are
preparations intended to provide nutrients that are
missing or are not consumed in sufficient quantity in
a person's diet (35). Therefore, it is of significance to
properly use TCMs.

Ginseng Radix (Renshen in Chinese or Ginseng
in Korea) is a well-known and popular TCM, which
is believed to be the king of the herbs in the Orient
particularly in China, Korea and Japan. It has been used
for several thousand years with mysterious powers as
a tonic, prophylactic and restorative agent (36). It has
a good therapeutic effect with cardiovascular benefits
especially for convalescent patients, and has become
one of the most popular herbal supplements on the US
market. Nevertheless, some reports of adverse effects
from products containing ginseng have been filed with
the US Food and Drug Administration (FDA). These
adverse effects are named "Ginseng abuse syndrome"
and is manifested by diarrhea, skin lesions, central
nervous system stimulation, and interference with
homeostasis (37). Ginseng may increase the anti-
platelet effect of Coumadin, aspirin, and NSAIDs and
taking these drugs with Ginseng may pose surgical
risks. Ginseng may also clevate blood pressure and
increase irritability with long term use (34).

Radix Astragali (Huangqi in Chinese), is the
dried root of Astragalus membranaceus Bge. Var.
mongholicus, and one of the most famous and
frequently used herbal medicines and healthy food

supplements used as a tonic. It has been used for over
2000 years in TCM prescriptions for the treatment of
animal bites and poisons, wounds and burns, nephritis,
diabetes, albuminuria, hypertension, cirrhosis, and
various cancers (37). However, it is reported that
products containing Huangqi have some adverse effects
if used for a long time. Huangqi may induce bleeding
when used with another anticoagulant, anti-platelet, or
anti-thrombotic agents. Furthermore, it is incompatible
with opiates (34).

Therefore, it looks to be dangerous for patients
to self-administer Chinese herbs improperly and to
not inform their physician. Moreover, it should be
remembered that herbs cannot be taken continuously
as dietary supplements. From time to time, doctors
of TCM must be consulted for proper herbal dosage
adjustment, to meet individual needs and provide
necessary warnings. In addition, a public health
campaign should be launched by the government to
educate users about the merits and hazards of improper
use of TCMs.

3.2. Do not abuse Chinese patent medicines

Chinese patent medicines are a form of Chinese herbal
medicine that are isolated from single herbs or their
active compounds or herbal formulations and prepared
using modern advanced pharmaceutical technology.
There are various dosage forms including injections,
tablets, pills, capsules, and liquids (6). Chinese patent
medicines are developed by combining modernized
pharmaceutical technologies with ancient TCM theories.
Compared to traditional herbal decoctions, refined
dosage forms and relative standardization in composing
the main effective components are considered to be
advantages of Chinese patent medicines (38). Therefore,
Chinese patent medicines are becoming increasingly
popular in China and are attracting worldwide attention
(39). In recent years, people have realized the hazards of
hormones and antibiotics, but they still abuse Chinese
patent medicines. They insist that Chinese patent
medicines are safer, non-toxic and more effective. This
misunderstanding has led to the abuse of Chinese patent
medicines and is getting worse.

Polygonum multiflorum Thunb., known as He-shou-
wu in Chinese, is traditionally valued and reported
for hair-blacking, liver and kidney-tonifying and anti-
aging effects as well as low toxicity. Pharmacokinetic
studies have demonstrated that the main components of
Polygonum multiflorum are various stilbenes, quinones,
flavonoids, phospholipids and other compounds. It
has been used in conditions like Alzheimer's disease,
Parkinson’s disease, hyperlipidemia, inflammation and
cancer. On the other hand, it can lead to hepatotoxicity,
nephrotoxicity and embryonic toxicity (40). Areca
nut, known as Binlang in Chinese, is obtained from
the fruit of the Areca catechu (Palmae), which is
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widely distributed in southeast Asia and southern
China. Areca nuts are regarded as a TCM usually used
for the treatment of indigestion, liver disorders, and
also used as a vermifuge. Pharmacological studies
have demonstrated it has antibacterial, antioxidant,
anti-inflammatory, antifungal, and anthelmintic
activities (47). However, Areca nut chewing can cause
dreaded disecases primarily oral submucous fibrosis,
cardiovascular disease, and cancers, and has been listed
as a primary carcinogen by American Joint Committee
on Cancer (42). Therefore, Chinese patent medicines
containing these ingredients such as Polygonum
multiflorum and Areca nuts, should be used with
caution.

In addition, some traditional Chinese patent
medicines including Zhusha Anshen pills, Niuhuang
Qingxin pills, Angong Niuhuang pills, Tianwang Buxin
pills, and so on, contain cinnabar. Cinnabar is widely
used in the clinic and shows a unique efficacy for
calming and soothing the nerves. It has been used in
treating diseases for thousands of years either as a single-
use or in combination with other traditional Chinese
medicines. Cinnabar mainly contains mercury, which
displays obvious hepatotoxicity and nephrotoxicity
(43). The safety of Chinese patent medicines containing
cinnabar and rational use causes extensive attention.
Excessive or over use will lead to poisoning reactions.
Thus, these Chinese patent medicines should not be
taken over-dosage or for a long time.

4. Conclusion

According to the Chinese pharmacopoeia, many TCMs
are known to be toxic, causing damage to the nervous,
liver, renal, respiratory, and reproductive system.
How to reduce the toxicity of TCMs and how to avoid
improper use of TCMs in daily practice? These should
be paid more attention by everyone. First, the accurate
differentiation of a specific syndrome is the foundation
of an effective and individualized treatment strategy,
as well as the key to applying TCMs. Second, through
standard processing, proper compatibility, rational
decoction, and appropriate dose for TCMs, the harm
of TCMs can be effectively avoided. Third, it should
be remembered that Chinese herbs cannot be taken
continuously as dietary supplements. Finally, Chinese
patent medicines should be used with caution according
to the theory of syndrome differentiation and treatment.
In addition, the dosage of TCMs should not exceed the
limit prescribed by the current China Pharmacopoeia,
which will ensure the balance of efficacy and toxicity.
Moreover, a public health campaign should be launched
by the government to educate users about the merits
and hazards of improper use of TCMs. Taken together,
it is necessary to treat the toxicity and safety of TCMs
with rationality. The more toxicity we can find, the more
safety patients will have.
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The clinical safety and efficacy of conventional transcatheter
arterial chemoembolization and drug-eluting beads-transcatheter
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Transcatheter arterial chemoembolization (TACE) plays an important role in the treatment
of unresectable liver cancer. We conducted this meta-analysis to compare the clinical safety
and efficacy of conventional TACE (C-TACE) and drug-eluting beads (DEB)-TACE. A
search for those procedures was performed using the PubMed, EMBASE, and Cochrane
Library databases. A meta-analysis of patients who underwent C-TACE or DEB-TACE was
conducted. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. Of 334
studies, 30 were analyzed. The complete response rate, disease control rate, objective response
rate, 3-year survival rate, and non-response rate were significantly higher in patients who
underwent DEB-TACE than those in patients who underwent C-TACE. The 1-year survival
rate, 2-year survival rate, 30-day mortality rate, complete response rate, disease control rate,
complete necrosis rate, non-response rate, objective response rate, progressive disease rate,
and recurrence did not differ significantly between patients who underwent C-TACE and
patients who underwent DEB-TACE. Patients who undergo DEB-TACE might have a higher
complete response rate, disease control rate, and 3-year survival rate than patients who
undergo C-TACE. Safety did not differ significantly between C-TACE and DEB-TACE.

Summary

Keywords: TACE, DEB-TACE, liver cancer, objective response rate, survival, safety

of cancer-related deaths, with an overall survival rate
of 3-5% (7). Unfortunately, its incidence is still rising
around the world (2). Hepatitis viral infections and
alcoholism are the dominant factors that trigger HCC.
Diabetes, obesity, and metabolic disorders are also
associated with HCC (3). Common treatments include
resection, ablation, chemoembolization, radiotherapy,
and chemotherapy (4). The preferred approach, surgical

1. Introduction

Hepatocellular carcinoma (HCC) is the 6th most
common malignant tumor, and it ranks 3rd in terms

Released online in J-STAGE as advance publication October
14, 2019.

$These authors contributed equally to this work.

* Address correspondence to:

Dr. Zhendong Zheng, Department of Oncology, Cancer
Center, General Hospital of Northern Theater Command,
Shenyang, Liaoning, No.83, Wenhua Road, Shenhe,
Shenyang, Liaoning 110840, China.

E-mail: zhengzhdong@163.com

Dr. Tingsong Chen, Department of Invasive Technology,
The Seventh People's Hospital of Shanghai University of
Traditional Chinese medicine, Shanghai 200120, China.
E-mail: cts552052597@163.com

resection can increase the 5-year survival rate to 60%
(5). However, most patients exhibit nonspecific clinical
symptoms, so when the condition is ultimately diagnosed
they are unable to undergo radical surgery (6). Only
10-15% of patients with HCC are eligible for surgical
resection. As a downstaging therapy, transcatheter arterial
chemoembolization (TACE) has been widely used to
treat unresectable HCC, and it can improve the overall
survival of patients with HCC (7,8).

www.biosciencetrends.com



BioScience Trends. 2019, 13(5):374-381. 375

In TACE, a suspension consisting of a chemotherapy
drug and lipiodol is delivered via a catheter to the
hepatic artery branch of the diseased liver. The released
chemotherapy drug then plays an antagonistic role. Drug-
eluting beads transcatheter arterial chemoembolization
(DEB-TACE) has often been performed over the past
decade. Its major differences compared to conventional
TACE (C-TACE) are a higher adsorption capacity
of the chemotherapy drug and a slower and more
consistent release (9). Considering the rapid metabolism
of chemotherapy drugs in C-TACE, drug use should
theoretically be better in DEB-TACE. However, its
therapeutic efficacy and safety are debated. Therefore,
this meta-analysis was performed.

2. Methods
2.1. Search strategy

A search of the PubMed, EMBASE, and the Cochrane
Library databases was conducted. The last search was
conducted on July 30, 2016. Search terms were as
follows: "TACE," "DEB-TACE," and "hepatocellular
carcinoma." The full text of each identified article was
read, and irrelevant articles were discarded. If the same
subjects were referenced across multiple articles or
if an article included more subjects or provided more
overall information than another article, then the article
was selected for meta-analysis.

2.2. Eligibility criteria

Eligible studies were randomized controlled trials
(RCTs) or prospective or retrospective cohort and case-
control studies published prior to June 2016 that met
the following inclusion criteria: 7) directly compared
C-TACE and DEB-TACE in patients with HCC; ii)
reported at least one of the following data: response rate
and survival rate; iii) reported the relative odds ratio
(OR) and hazard ratio (HR) or provided data for their
calculation; and iv) articles written in English.

Case reports and abstracts or studies with insufficient
data were excluded. If multiple articles included the same
subjects, only the most recent and complete article was
analyzed. When information was incomplete, attempts
were made to contact the corresponding authors for
additional data.

2.3. Data extraction

Once the researchers agreed on the articles to include, a
flow chat was created. The relevant information was as
follows: first author, date of publication, country, study
design, enrollment period, type of patients, groups,
number of patients, number of procedures, previous
TACE, locoregional treatment, Child-Pugh stage,
Barcelona Clinic Liver Cancer Center (BCLC) stage,

Okuda stage, ECOG performance status, and Milan
tumor criteria.

2.4. Assessment of study quality

The quality of eligible RCTs and non-RCTs was
respectively evaluated using the Cochrane Handbook
for Systematic Reviews of Interventions and the
Newecastle-Ottawa scale. The Cochrane Handbook for
Systematic Reviews of Interventions consists of 6 items:
adequacy of the generation of allocation sequence,
allocation concealment, blinding, the presence of
incomplete outcome data, selective outcomes, and other
sources of bias. The Newcastle-Ottawa scale consists of
3 items including selection (4 points), comparability (2
points), and exposure (3 points).

2.5. Data analysis

Odds ratios (ORs) with 95% confidence intervals (Cls)
were calculated to compare C-TACE and DEB-TACE,
and only a random-effects model was used. All tests
were two-tailed, and p values of less than 0.05 were
statistically significant. The /” statistic and Chi-square
test were used to evaluate heterogeneity. When I° > 50%
or p <0.10, heterogeneity was statistically significant.
All statistical analyses were performed using Stata.

3. Results
3.1. Study selection and characteristics

As shown in Figure 1, 334 studies were initially
identified. After preliminary exclusion of abstracts or
papers not fulfilling the search criteria, 46 potentially
relevant articles were examined. Of these studies, 14
were excluded due to incomplete data. Two studies
reported information on the same subjects, and two
other studies were published by the same group with
overlapping recruitment periods. Ultimately, 30
studies, including 5 RCTs and 25 observational studies,
involving 3,195 patients (1,444 treated with DEB-
TACE and 1746 with C-TACE) were included in the
meta-analysis.

Eight studies were conducted in Italy, 4 studies were
conducted in Germany, 4 in the US, 3 in South Korea,
3 in Spain, 2 in Australia, 2 in the UK, 1 in Belgium,
1 in Taiwan, and 1 in Saudi Arabia. Baseline data and
the characteristics of studies and patients are shown in
Table 1. Five studies were of high quality, one study
was of moderate quality, and one study was of poor
quality.

3.2. Comparison of the complete response rate

Two studies involving 167 subjects reported the
complete response rate. The complete response rate was
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Embase (n=247)
Pubmed (n=102)
Cochrane Library (n=18)
Manual searching (n=2)

All References (n=369)

Titles and abstracts excluded after

preliminary review(n=334)

Articles for eligibility (n=46)

Articles excluded due to insufficient data(n=14)

Articles excluded due to overlapping data(n=2)

Studies finally included(n=30)

Figure 1. The search strategy used in this meta-analysis.

significantly higher in patients who underwent DEB-
TACE than that in patients who underwent C-TACE (OR
=3.59, 95% CI = 1.48-8.72, p = 0.0048) without any
significant heterogeneity (p = 0.91, I* = 0%).

3.3. Comparison of the disease control rate

Nine studies involving 909 subjects reported the
disease control rate (/9,21,25,26,30,32,35,36,38). Of
those studies, 2 were published by the same group.
Ultimately, eight studies involving 869 patients were
analyzed. The disease control rate was significantly
higher in patients who underwent DEB-TACE than
that in patients who underwent C-TACE (OR = 2.17,
95% CI = 1.22-3.87, p = 0.0082), and statistical
heterogeneity was evident (p = 0.08, I = 44.8%).

3.4. Comparison of the objective response rate

The overall response rate (ORR) was reported in 13
studies (12,17,19,21,25,26,30-32,34,35,36,38). Due to the
high heterogeneity found among the included studies (X’
=6.67, d.f. =10, ' = 71%; p = 0.011), the DerSimonian
and Laird test for the random-effects models was used.
The objective response rate was significantly higher in
patients who underwent DEB-TACE than that in patients
who underwent C-TACE (OR = 2.05, 95% CI = 1.17-
3.55, p=0.011), and statistical heterogeneity was evident
(p = 0.0001, I = 71%). Subgroup analyses of RCTs and
observational studies confirmed the non-significant OR
in favor of DEB-TACE (OR = 1.27, 95% CI = 0.78-2.07
and OR = 2.40, 95% CI = 1.17-4.90, respectively) and
detected, as expected, a high heterogeneity among the
observational studies (Figure 2). The high heterogeneity
may be caused by response assessment, namely, the
timing of the response assessment, the response criteria,
and the study design and quality.

3.5. Comparison of the survival rate

Fourteen studies involving 1,645 patients estimated
the overall survival (OS) and compared the two groups
using log-rank tests (/3,16,17,19,21,23,24,26,28,31
,34,35,38). As described in Table 2, the two groups
had a similar 1-year survival rate (SR) that tended
to be higher, albeit not significantly so, in patients
who underwent DEB-TACE (OR 1.51, 95% CI 0.48-
1.21, p = 0.08) (Figure 3). With treatment, survival
was prolonged and the OR tended to decrease, albeit
not significantly so, thus indicating better long-term
outcomes in patients who underwent DEB-TACE (2-
year SR: OR 1.32, 95% CI 0.74-2.36, p = 0.34; 3-year
SR: OR 1.92, 95% CI = 1.00-3.68, p = 0.049). The
meta-analysis of plotted HRs revealed no significant
differences in the 1-year survival rate and 2-year
survival rate. The 3-year survival rate was significantly
higher in patients who underwent DEB-TACE than that
in patients who underwent C-TACE (OR = 1.92, 95%
CI =1.00-3.67, p = 0.049), and statistical heterogeneity
was evident (p = 0.043, I’ = 51.7%).

4. Discussion

This meta-analysis included a large number of studies
on the efficacy and safety of TACE and DEB-TACE. A
total of 30 studies (5 RCTs and 25 observational studies)
involving 2,920 patients were analyzed. The DEBs, from
150 to 650 nm in size, were loaded with doxorubicin in
all of the studies. The C-TACE arms widely differed with
regard to the drugs used (Table 1). The current study
indicated that patients who underwent DEB-TACE might
have a higher complete response rate and disease control
rate than patients who underwent C-TACE. In addition,
meta-analysis indicated that the 1-year survival rate and
2-year survival rate did not differ significantly between
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Table 1. Characteristics of the included studies

Sample - : - Previous CP BCLC  Okuda
Study (Ref) Arm Drug size  Swudyperiod Design  Region “py pa’ ypiey /a/B/Cy) (Ui
Alsina 2011 (10) C-TACE Cisplatin 74 1996-2010 R USA NA NA NA NA
Adryamicin
Mytomicin-C
DEB-TACE LC Beads 28 NA NA NA NA
Arabi 2015 (11) C-TACE Cisplatin 19 2006-4014 R Saudi 0 17/2/0 NA NA
DEB-TACE Doxorubicin 35 Arabia 4 24/11/0 NA NA
Bloom 2012 (12) C-TACE NA 15 2008-2011 R Australia  NA NA NA NA
DEB-TACE NA 15 NA NA NA NA
Burrell 2014 (13) C-TACE NA 80 2006-2011 R NA NA NA NA NA
DEB-TACE NA 26 NA NA NA NA
Castelli 2013 (14) C-TACE NA 60 NA NA Ttaly NA NA NA NA
DEB-TACE NA 28 NA NA NA NA
Cuomo 2011 (15) C-TACE Doxorubicin 45 2007-2010 R Ttaly NA NA NA NA
DEB-TACE Doxorubicin 68 NA NA NA NA
Dhanasekaran 2010 (/6) C-TACE Doxorubicin 26 1998-2008 R USA NA 11/11/4 NA 11/10/5
Cisplatin
Mitomycin
DEB-TACE Doxorubicin 45 NA 22/11/12 NA 17/13/15
Facciorusso 2016 (17) C-TACE Doxorubicin 104 2007-2011 R Italy NA 93/11/0  2/39/63/0 NA
DEB-TACE Doxorubicin 145 NA  129/16/0 5/53/81/6 ~ NA
Farris 2010 (18) C-TACE NA 13 NA R NA NA NA NA NA
DEB-TACE NA 13 NA NA NA NA
Ferrer Puchol 2011 (/9)  C-TACE Adriamycin 25 2000-2009 R Spain NA NA NA NA
DEB-TACE Adriamycin 47 NA NA NA NA
Frenette 2012 (20) C-TACE NA 148 2005-2010 R USA NA 83/52/13 12/62/71/3 NA
DEB-TACE NA 127 NA 72/50/5  7/46/65/9  NA
Golfieri 2014 (21) C-TACE Epirubicin 88 2008-2010  RCT Italy NA 77/11/0  0/41/23/24  NA
DEB-TACE Doxorubicin 89 NA 75/14/0  0/41/26/22 NA
Gorodetski 2015 (22) C-TACE NA 95 2000-2013 R USA NA NA NA NA
DEB-TACE NA 38 NA NA NA NA
Kloeckner 2015 (23) C-TACE Mitomycin-C 174 2002-2013 R Germany  NA  103/64/7 30/59/77/8 NA
DEB-TACE NA 76 NA 51/22/3  8/34/30/4  NA
Kumar 2013 (24) C-TACE NA 38 2002-2011 R UK NA NA NA NA
DEB-TACE NA 81 NA NA NA NA
Lammer 2010 (25) C-TACE Doxorubicin 108 2005-2007 RCT  Austria NA 89/19/0  0/29/79/0  74/19/0
DEB-TACE Doxorubicin 93 NA 77/16/0  0/24/69/0  80/28/0
Liu 2015 (26) C-TACE Doxorubicin 105 2010-2011 R Taiwan, NA NA 0/7/98/0 NA
DEB-TACE Doxorubicin 53 R.O.C. NA NA 0/53/0/0 NA
Malenstein 2011 (27) C-TACE Doxorubicin 14 2006-2009 RCT Belgium  NA 14/0/0 1/10/3 NA
DEB-TACE Doxorubicin 16 NA 14/2/2 2/9/5 NA
Megias Vericat 2015 (28) C-TACE Cisplatin 30 2008-2009 R Spain NA 19/11/0 NA NA
DEB-TACE Doxorubicin 30 NA 14/16/0 NA NA
Monier 2014 (29) C-TACE Doxorubicin 67 NA RCT NA NA NA NA NA
DEB-TACE Doxorubicin 63 NA NA NA NA
Nicolini 2010 (30) C-TACE Embosphere 8 2003-2007 Italy NA 6/2/0 NA NA
particles
DEB-TACE Epirubicin 8 NA 5/3/0 NA NA
Nicolini 2013 (37) C-TACE Epirubicin 16 2005-2011 R Italy NA NA 7/9/0/0 NA
DEB-TACE Doxorubicin 22 NA NA 14/8/0/0 NA
Park 2010 (32) C-TACE NA 52 2008-2010 R South NA NA NA NA
DEB-TACE NA 20 Korea NA NA NA NA
Recchia 2012 (33) C-TACE Lipiodol 70 2008-2010 P Italy NA NA NA 24/14/0
DEB-TACE Doxorubicin 35 NA NA NA 46/21/0
Sacco 2011 (34) C-TACE Doxorubicin 34 2006-2009  RCT Italy NA 25/9/0  0/22/12/0  NA
DEB-TACE Doxorubicin 33 NA 29/4/0  0/22/11/0  NA
Song 2012 (35) C-TACE Doxorubicin 69 2008-2011 R Korea NA 63/6/0  0/28/41/0  NA
DEB-TACE Doxorubicin 60 NA 56/4/0  0/27/33/0  NA
Song 2011 (36) C-TACE Cisplatin 20 2008-2010 Korea NA 16/4/0 0/7/6/7 NA
Doxorubicin
Epirubicin
DEB-TACE Doxorubicin 20 NA 18/2/0 0/6/10/4 NA
Vogl 2011 (37) C-TACE Doxorubicin 108 2005-2007 RCT Germany NA 89/19/0 29/81/0  104/6/0
DEB-TACE Doxorubicin 93 NA 77/16/0 26/76/0  88/14/0
Wiggermann 2011 (38)  C-TACE Cisplatin 22 2003-2008 R Germany  NA 22/0/0 4/15/2 NA
DEB-TACE Epirubicin 22 NA 22/0/0 1/17/3 NA
Zwaka 2011 (39) C-TACE NA 19 2010-2011 R Germany  NA NA NA NA
DEB-TACE NA 15 NA NA NA NA

"Number (percentage) of patients who had already undergone TACE before enrollment in the study. C-TACE, conventional transarterial
chemoembolization; DEB-TACE, drug-eluting beads-TACE; R, retrospective; RCT, randomized controlled trial; P, prospective; CP, Child-Pugh;
BCLC, Barcelona Clinic Liver Cancer; Okuda, Okuda stage; NA, not assessed.
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C-TACE DEB-TACE Odds Ratio Odds Ratio
Study or Subgroup Total Events  Total Events Weight M-H,Random,95%CI M-H,Random,95%CI
Golfieri 2014 88 78 89 80 26.5%  1.13[0.39,3.36] e
Lammer 2010 100 47 89 48 73.5%  1.32[0.72,2.44] ' —-l-—
Sacco 2011 34 34 33 33 0 excluded ;
Total (95%CI) RCT 1.27[0.78,2.07] ! K7
Bloom 2012 6 15 9 74 9.66 2.25[0.42,12.38] L]
Facciorusso 2016 104 89 145 108 14.21 0.49[0.24,0.99] —— |
Ferrer Puchol 2011 25 11 47 26 12.43 1.58[0.53,4.71] B
Liu 2015 105 28 53 32 14.00 4.19[1.97,8.97] ——
Nicolini 2010 8 5 8 6 6.58 1.8[0.14,28.99] =
Nicolini 2013 16 16 22 22 0 excluded
Park 2010 52 34 20 17 10.24 3[0.71,17.84] ]
Song 2012 69 34 60 49 13.42 4.59[1.93,11.34] 4B
Song 2011 20 6 20 17 9.16 13.22[2.33,90.3] =
Wiggermann 2011 22 5 22 7 10.31 1.59[0.34,7.73] =
Total (95%CI) nRCT 2.40[1.17,4.90] 2

12 5 1 2 5 10 10
Total ( 95%CI) 658 623 ? 2.05[1.18,3.55]
Total events 393 454

Heterogeneity:Cochan Q=34.54(P=0.0001);Chi*=6.46(P=0.01) ;I>=71%;Egger bias=1.64(P=0.32)

Figure 2. Forest plot comparing objective response rate for DEB-TACE to that for C-TACE. A random effect DerSimonian
Laird model showed a summary odds ratio significantly higher after DEB-TACE than that in ¢c-TACE. Subgroup analyses of the
RCTs and observational studies confirmed the non-significant OR in favor of DEB-TACE and detected statistical heterogeneity.
DEB-TACE, drug-eluting bead transarterial chemoembolization; C-TACE, conventional transarterial chemoembolization; RCT,

randomized controlled trial; nRCT, non-randomized controlled trial.

Table 2. Odds ratios and heterogeneity of 1-year, 2-year, and 3-year survival rates

Estimate survival rate No. of studies No. of patients OR (95% CI) p value Heterogeneity I* p
1-year SR 14 1604 1.51 (0.95-2.41) 0.08 73.0% <0.0001
2-year SR 13 1422 1.32(0.74-2.36) 0.34 73.6% <0.0001
3-year SR 8 840 1.92 (1.00-3.68) 0.049 51.7% =0.04

SR, survival rate; OR, odds ratio; CI, confidence interval.

patients who underwent C-TACE or DEB-TACE.
However, the 3-year survival rate was significantly
higher in patients who underwent DEB-TACE than
that in patients who underwent C-TACE. This finding
probably suggests that DEB-TACE results in a better
OS than TACE. However, this finding is not consistent
with the conclusions of a systematic review recently
published in this field (/7), perhaps because the current
meta-analysis analyzed more studies. However, long-
term follow-up needs to be conducted and more standard
randomized studies need to be assembled to assess the
survival benefit of DEB-TACE. The complete response
rate, disease control rate, full necrosis rate, non-response

rate, objective response rate, progressive disease rate, and
recurrence did not differ significantly between patients
who underwent C-TACE and patients who underwent
DEB-TACE.

Safety did not differ significantly between C-TACE
and DEB-TACE. Many clinical research studies suggest
that tumor eradication cannot readily be achieved with
TACE and that HCC can only be controlled by palliative
treatment. Therefore, a low adverse reaction rate and a
high tumor response rate in DEB-TACE therapy will
be advantageous to patients needing to undergo radical
surgery in the short term. Because this population of
patients is in the early stage of disease, DEB-TACE can
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Odds ratio meta-analysis plot [fixed effects]

Burrell (2014) 1.47 (0.54, 4.20)
Facciorusso (2016) —— 0.35 (0.20, 0.60)
Ferrer Puchol (2011) 0.93 (0.22, 3.50)
Golfieri (2014) 1.36 (0.60, 3.12)
Kloeckner (2015) — 0.78 (0.44, 1.38)
Kumar (2013) 1.67 (0.67, 4.09)
Liu (2015) 7.84(2.92, 22.41)
Meg?as Vericat (2015 1.53(0.47, 4.98)
Nicolini,D (2013) / 4.35 (0.04, infinity)
Recchia (2012) 1.79 (0.73, 4.51)
Sacco (2011) 2.07 (0.27, 24.19)
Song (2012) 1.66 (0.76, 3.66)
Wiggermann (2011) 1.79 (0.45, 7.33)
Dhanasekaran (2010) 3.08(1.00, 9.88)
combined [fixed] @ 1.20 (0.97, 1.49)
01 Y2 5 1 2 5 f 100

odds ratio (95% confidence interval)

Figure 3. Forest plot of hazard ratios for patient 1-year survival rate after DEB-TACE and C-TACE. A fixed effect Mantel-
Haenszel model yielded a summary odds ratio not significantly in favor of DEB-TACE with a low heterogeneity. DEB-TACE,
drug-eluting bead transarterial chemoembolization; C-TACE, conventional transarterial chemoembolization; RCT, randomized

controlled trial; nRCT, non-randomized controlled trial.

be an efficient and safe way to control the tumor, down-
regulate the tumor stage, and protect liver function to
the greatest extent. In theory, therefore, DEB-TACE will
lay a better foundation for radical surgery and possibly
prolong long-term survival.

This meta-analysis provides relatively comprehensive
evidence of the benefits of DEB-TACE compared to
C-TACE for the treatment of primary liver cancer, but
there are still some limitations to this study. First, the
evaluation criteria for tumor response in the included
literature were not entirely consistent, and mRECIST and
EASL standards assess tumor response differently, which
may lead to different interpretations. Second, treatment
with conventional technology has matured, but many of
the RCT designs lacked conventional standardization
of evaluation metrics, and this was especially true
for C-TACE involving conventional technology and
chemotherapy drugs for embolism.

In conclusion, this meta-analysis has shown that
patients who underwent DEB-TACE might have a higher
complete response rate, disease control rate, and 3-year
survival rate than patients who underwent C-TACE.
Safety did not differ significant between C-TACE
and DEB-TACE. Therefore, DEB-TACE may be a
better choice for patients with primary HCC than liver
transplantation, liver resection, or partial ablation in the
short term.
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Summary

The earlier assessment of Pueraria tuberosa (PT) has shown anti-diabetic effects through
enhancing incretin action and DPP-IV (Dipeptidyl peptidase-IV) inhibition. The aim of this
work was to further explore the protective role of aqueous extract of Pueraria tuberosa tuber
(PTY-2) against streptozotocin (STZ) induced islet stress in rats. Diabetes was induced by
STZ (65 mg/kg body weight) in charles foster male rats. After 60 days of STZ administration,
animals with blood glucose levels > 200 g/dL were considered as diabetic. All the rats were
later divided into three groups: Group-1 (STZ untreated normal rats), Group-2 (Diabetic
control), and Group-3 (PTY-2 [50 mg/100 g¢ bw treatment for next 10 days to diabetic rats).
The rats were then sacrificed after the 10" day of treatment accordingly. STZ treatment
led to an increase in expression of Matrix metalloproteinases-9 (MMP-9), Tumour necrosis
factor-o (Tnf-0), Hypoxia inducible factor-a (HIF-1a), Vascular endothelial growth factor
(VEGF), Interleukin-6 (IL-6), Protein kinase C-g¢ (PKC-¢), Nuclear factor kappa-light-chain-
enhancer of activated B-cells (NFkB), and Caspase-3. Reverse Transcriptase-PCR (RT-PCR),
Immunohistochemistry and Western-Blot analysis showed an increase in the expressions of
Superoxide Dismutase (SOD) and Nephrin, and a decrease in the expressions of NFkB, PKC-¢,
TNF-0, MMP-9, HIF-1a, VEGF, Caspase-3 and IL-6 after 10 days of PTY-2 treatment.
The results showed that PTY-2 favorably changed all the expressions via anti-oxidant, anti-
apoptotic, anti-hypoxic and anti-inflammatory pathways, making itself as a protective agent
against STZ induced islet stress. Further evaluation of PTY-2 might be helpful in establishing
its role in the management of diabetes mellitus.

Keywords: STZ, PTY 2, stress, expressions, diabetes, islets

1. Introduction

Mortality and morbidity due to diabetes mellitus (DM)
are rising rapidly worldwide (/,2). Type 2 DM (T2DM)
increases the risk of acute pancreatitis by 1.5-3 folds, and
the use of anti-diabetic drugs decreases this excess risk
(2). On the other hand, pancreatitis is one of the known
risk factors for the onset of DM (3-5). Additionally, the
onset of DM can be a symptom of pancreatic cancer as
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the latter is more common among newly diagnosed cases
of T2DM. Furthermore, long-standing DM can increase
the risk of occurrence of pancreatic cancer (6-9). Apart
from the known etiological factors, pathological changes
due to environmental factors or other unknown reasons
can alter the gene expression and lead to diseases like
DM, pancreatic cancer, acute or chronic pancreatitis (/0).
Both in-vivo and in-vitro models are being developed to
understand the mechanisms underlying the profile change
in gene expression. Many synthetic drugs and herbal
formulations have been developed for the prevention and
treatment of DM.

PTY-2, is being evaluated for its protective role
in STZ induced islet stress. In our earlier studies,
we had evaluated the role of PT in animal models of
streptozotocin (STZ)-induced DM and in normoglycemic
rats (/1-13). PT has also been studied for its anti-
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inflammatory, anti-oxidant, nephro-protective, intestine-
protective, hepato-protective, anti-hypertensive and anti-
diabetic properties (//-20,44). The analysis of the actions
makes hypothesis that there must be interconnected
signaling pathways between anti-inflammatory, anti-
hypoxic, anti-apoptotic, antioxidants and anti-diabetic
genes for the effect of PT. Taking our research forwards,
we have attempted to study the signaling pathways to
understand the protective role of PTY-2 in islet damage.
Various markers like Nephrin, SOD, HIF-1a,
TNF-a, MMP-9, Caspase-3, NF-kB, VEGF, PKC-¢,
Caspase-3 and IL-6 have been used to study the effect
of drugs or herbal products on DM. Earlier studies have
demonstrated increased levels of VEGF, TNF-a, MMP-
9, IL-6, NF-kB, PKC, and HIF-1la in inflammatory
conditions, vascular lesions and DM (27-25). Excess
generation of reactive oxygen species (ROS) and
oxidative stress is one of the common etiological
pathways in the development and progression of DM
(26,27). Nephrin, a member of immunoglobulin super
family, is a surface receptor that is specifically expressed
in kidney, brain and pancreas (28). Nephrin plays an
important role in beta cell survival signaling through
the association with PI3-kinase, reported in mouse islet
B-cells and mouse pancreatic beta-cell line (BTC-6 cells)
(29). VEGF is a vital regulator of vascularization of
islet cells, and the islet vascular system is critical for
a normal secretion of insulin (30,37). Genetic studies
have shown that normal VEGF and vascularization are
important for adult islet cell function and B cell mass
(25). The B cell-specific overexpression of VEGF causes
rapid hypervascularization and hyperinnervation of the
islet, leading to increased production of extracellular
matrix components (ECM) (32). Hence, we can say
that increased amount of VEGF is responsible for
defective angiogenesis. MMPs are a large family of
endopeptidases, and these are produced by stromal
and inflammatory cells. Pancreatic MMPs (especially
MMP-9) induce inflammation, and serum MMP-9 levels
are an assessment marker of severity of pancreatitis
(33). MMP-9 is usually involved in degradation and
remodeling of ECM components (22,34,35). NF-kB, a
nuclear transcription factor, regulates the transcription of
various genes involved in inflammation mediation (36).
The activation of NF-kB is an early pathological event
in the development of insulin resistance (37). TNF-a, an
inflammatory marker, is rapidly produced intracellularly
with the activation of NF-kB and is known to have effects
on diabetes and obesity (2/,38). The PKC-¢ belongs to
the superfamily of isoforms of protein kinases. PKC-¢ is
involved in the development of insulin resistance, and its
inhibition is associated with the improvement in glucose
homeostasis in animal models (39). PKC-¢ has a strong
presence in islet cells, acinar cells, and ductal epithelium
(40). Similarly, both IL-6 and HIF-1a are also known to
play a pro-inflammatory role in the mediation of acute
pancreatitis and pancreatic cancer (23,24). Hypoxia is

an important cause of beta-cell loss and is measured
by an increase in HIF-1a expression (41). Various
gene knockout experiments have shown that caspase-3
is involved in beta cell apoptosis and that Casp™ are
protected from the development of DM (42).

As PT has multiple medicinal properties with
several beneficial compositions, we have studied the
protective effect of its total water extract rather than
on its individual components. Because PT contains
many steroids, triterpenoid, glycosides, carbohydrates,
alkaloids, flavanoid, tannin, protein and amino acids, e.g.,
daidzin, puerarin, puerarone, genistein, puetuberosanol,
tuberostan, tuberosin, and puerarin 4',6'-diacetate as the
main constituents (/2,14,43). We planned to study the
multi-targeted protective effect of PTY-2 on the islet
damage among rats with STZ-induced stress.

2. Materials and Methods
2.1. Materials

The antibody of rabbit IL-6 (23 Kda) (08310):
SAB1408591, mouse monoclonal VEGF (21 Kda) (JH-
121): sc-57496, NF-kB p65 (D14E12) XP® Rabbit mAb
#8242, rabbit polyclonal PKC-& (SAB1300094), mouse
monoclonal -actin (A2228), mouse monoclonal Hif-1a
(H6536-100 UG), rabbit monoclonal Caspase-3 (CASP
3 [D175] invitrogen), Mouse monoclonal MMP-9 and
monoclonal anti-rabbit IgG (v-chain specific)-peroxidise
(A1949), pre-stained protein ladder (from Hi-Media
Pvt. Ltd, Kolkata, India) along with PVDF membranes
(from Millipore, catalog no. IPVH20200) were used for
proteins expression analysis. STZ-S0130 was bought
from Sigma-Aldrich, St Louis, USA. For RT-PCR,
Trizol (Himedia, Pvt. Ltd, Kolkata, India), cDNA Kit
(Fermentas), and Taqg-polymerase (Genaxy Scientific
Pvt.Ltd) were used.

2.2. Sample preparation

PT was purchased from Ayurvedic Pharmacy, Banaras
Hindu University. Its authenticity has already been
ascertained in our previous research (44). We extracted
30 g powder with eight volumes of distilled water. When
the volume was reduced to Y4th, it was filtered with cloth.
The total yield of PTY-2 obtained by this process was
30%.

2.3. Study Design

The protocol was approved by the Institute Ethical
Committee (Dean/2015/CAEC/1266), Institute of
Medical Sciences, Banaras Hindu University. After
overnight fasting, Charles foster male rats of the same
age group with body weight in the range of 120-130
grams were injected STZ (65 mg/kg body weight). STZ
was prepared in chilled and fresh citrate buffer of pH
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4.5. The blood glucose levels were checked using strips
(Dr. Morepen) on the 5" day. Rats with blood glucose
levels > 200 mg/dL were placed under diabetic group.
In order to induce severe diabetes, we further left the
rats (three rats per cage) for 55 days. On the 61" day, we
divided the rats into three groups (n = 6): Group-1 (STZ
untreated rats, i.e., age-matched normal rats), Group-2
(diabetic control), and Group-3 (PTY-2 at 50 mg/100
g bw treatment for next 10 days to diabetic rats). The
rats were then sacrificed after 10 days of treatment. The
pancreas was isolated and rinsed with PBS. Then, these
were cut into two parts; one for histology (preserved
in 10% formaldehyde) and the other was first crushed
in liquid nitrogen and then stored in -80°C freezer for
molecular study.

2.4.RT-PCR

RNA was extracted using trizol reagent from about 50
mg of pancreatic tissue with a homogenizer. Then 5 pg
of total RNA was reverse-transcribed with superscript
IT RNase H-reverse transcriptase (RT) using random
hexamers according to the instructions provided by the
manufacturers (Fermentas Pvt. Ltd.). For SOD, 2 uL
c-DNA, 0.2 mmol/L deoxynucleotide triphosphates
(dNTPs), 1.5 mmol/L. MgClL,, 0.5 pumol/L of each primer,
2.5 uL 10X PCR buffer and 1 U Taq DNA polymerase
were used. For Nephrin, 1 pL ¢c-DNA, 0.2 mmol/L
dNTPs, 1.5 mmol/L MgCl,, 1.2 umol/L of each primer,
2.5 uL 10X PCR buffer and 1U Taq DNA polymerase
were used. For matrix metallopeptidase 9 (MMP-9), 2
pl c-DNA, 200 umol/L dNTPs, 1.5 mmol/L MgCl,, 0.4
pmol/L of each primer, 2 uL 10X PCR buffer and 2.5
U Taq DNA polymerase were used. For Tnf-a, 1 pL
c-DNA, 200 umol/L dNTPs, 1.2 mmol/L MgCl,, 0.6
umol/L of each primer, 2 pL 10X PCR buffer and 2 U
Taq DNA polymerase were used. For glyceraldehyde
3-phosphate dehydrogenase (GAPDH), 0.1 pmol/L
of each primer was used. The optical density of each
expression was determined via alpha imager 2200 and
presented as the ratio against GAPDH. All RT-PCR
experiments were performed in triplicates (Table 1).

2.5 Western blot analysis

Pancreatic tissue was homogenized with chilled lysis
buffer (50 mMTris pH 7.6, 150 mM NaCl, 1 mM EDTA,
1 mM EGTA, 1% triton, 0.1% SDS, 1 mM sodium
orthovanadate, protease inhibitor cocktail and 1 mM
PMSF). The homogenate was then centrifuged at 12,000
rpm at 4°C for 30 min. The protein estimation was
done by Bradford method. 40 pg proteins with loading
dye were separated in the polyacrylamide gel. The gel
was then electro-transferred to PVDF membranes in
transfer buffer (10X Tris-glycine-methanol and SDS-
PAGE buffer) to stay overnight at 4°C at 45 V. The
next day, PVDF membrane was blocked with 5% non-

Table 1. Details of PCR primer sequences, product size and thermal steps for expressions of TNF a, SOD, Nephrin, MMP 9 and GAPDH

RT PCR Thermal steps

Product Size (bp)

Sequence

Primers

www.biosciencetrends.com

Final Extention

Anneal Extention

Denature

Initial denaturation

No. of Cycle
Temp.(°C)
Time

72
5 min
1

95
2 min.
1

546

5'- CACCACGCTCTTCTGTCTACTGAAC -3'

TNF o FORW
TNF o REV

No. of Cycle
Temp.(°C)
Time

5'- CCGGACTCCGTGATGTCTAAGTACT -3'

72
10 min

387 94
3 min

5-TCTAAGAAACATGGCGGTCC-3'
5'-CAGTTAGCAGGCCAGCAGAT-3'

SOD FORW
SOD REV

No. of Cycle
Temp.(°C)
Time

72
10 min

94
3 min

340

5'-GTT CAG CTG GGAGAGACT GG-3'
5'-TTG GAC ATC CAG AGG GAC C-3'

Nephrin FORW
Nephrin REV

No. of Cycle
Temp.(°C)
Time

72
7 min

72
90 sec

90 sec

94
1 min

371 94
7 min

5-TGTACCGTATGGTTACAC-3'
5'CCGCGACACCAAACTGGAT3'

MMP 9 FORW
MMP 9 REV

No. of Cycle
Temp.(°C)
Time

75

94
3 min

244

5'-CACGGCAAGTTCAATGGCACA-3'
5'-GAATTGTGAGGGAGAGTGCTC-3'

GAPDH FORW
GAPDH REV

5 min




BioScience Trends. 2019, 13(5):382-393. 385

fat milk powder. The membrane was then incubated
overnight with primary antibody diluted in TBST [IL-
6 (1:1,000), PKC ¢ (1:500), VEGF (1:1,000), NF-
kB (1:1,000), HIF 1a (1:1,000) & housekeeping gene
B-actin (1:500)]. Then, on the next day, the blots were
incubated with secondary antibody in TBST for one
hour. Protein expression was detected through enhanced
chemiluminescence (ECL) in LAS 500 Image Quant
system (Wipro GE Healthcare, Hong Kong). The
quantification was done by alpha imager 2200. The
experiments were done in triplicates.

2.6. Immunostaining

The paraffin sections of pancreas were treated with
xylene for 10 minutes to remove paraffin. The sections
were rehydrated through 90%, 70% alcohol, and water
by putting them for 5 minutes in each. Antigen retrieval
was done by putting the citrate buffer dipped slides in
EZ Retrieval System V.3 (Bio Genex). Sections were
washed twice in citrate buffer and two times in 1X PBS
(130 mM NacCl, 7 mM Na,HPO,, 3 mM KH,PO,, pH 7.4)
for 10 minutes each, following which the sections were
incubated in blocking solution [0.1% Triton X-100, 0.1%
BSA, 10% FCS, 0.1% sodium deoxycholate and 0.02%
Thiomersal (an anti-fungal agent), in 1X Phosphate
Buffered Saline (PBS)] for 2 hours at room temperature
and then transferred in primary antibodies, for overnight
at 4°C. Tissues were washed in PBST (0.1% triton X in
1X PBS) with three changes of 10 minutes each. After
the washing, the sections were incubated with anti-
rabbit AF 546 (Red) and anti-mouse AF 488 (Green)
(Invitrogen, USA) secondary antibody for 2 hours at
room temperature. Sections were washed in PBS with
Tween 20 (PBST) with three changes for 10 minutes
each, counterstained with DAPI (1 pg/mL DAPI in 1X
PBS), mounted in DABCO and examined under Zeiss
LSM510 Meta confocal microscope. Image analysis was
done by using Zen Black (2012) software.

2.7. Statistical analysis

One-way ANOVA test followed by post hoc analysis
with Dunnett's test was done for each experiment.
All results were expressed as means + SD. Statistical
significance was taken at p < 0.05.

3. Results

3.1. PTY-2 response to islet stress

3.1.1. mRNA Expressions

As compared to normal rats, the STZ-treated diabetic
group showed a significant increase in TNF-a in

pancreatic tissue, whereas the PTY-2 treatment
significantly decreased the TNF-a expression as

compared to diabetic control and increase as compared
to normal. The MMP-9 expression also increased
significantly in diabetic control as compared to normal
rats, and there was a significant decrease after 10 days
of PTY-2 treatment. On the contrary, both SOD and
Nephrin expression decreased significantly in diabetic
control rats as compared to normal. However, the
PTY-2 treated group showed a significant increase in
SOD expression as compared to diabetic control and a
significant decrease as compared to normal. The Nephrin
expression in PTY 2 treated rats increased significantly
as compared to both normal and diabetic control (Figure
1 (a) and (b))

These results clearly indicate that in chronic diabetes,
there is a significant increase in free radicals/ stress
accompanied by an increase in pancreatic inflammation.
Treatment with PTY-2 significantly reversed all these
changes. Thus, any severe complications of severe
diabetes like pancreatitis could be prevented by using
PTY-2 as medicinal supplement.

3.2. Protein Expressions

3.2.1. Western blot

(a)

Normal Diabetic PTY2
Control

Tnfa (546 bp) >

SOD (387 bp) >
MMP 9 (371bp) >

Nephrin (340 bp) >

GAPDH (244 bp) > —

(b) 1.80 -
1.60 - *kk = Normal
m Diabetic Control
1.40 PTY 2
T
2 1.20 Hkk
<t #
8 I
a #
5 1.00 I
a #
£ 0.80
g 0 #
: EETY
Z 0.60 # ay -
£ I I
0.40 #
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Tnf la SsoD MMP 9 Nephrin

Figure 1. (a) mRNA expressions to investigate the effect
of PTY-2 on STZ induced islet stress; (b) Densitometric
analysis of RT-PCR product. Each value represents mean
+ SD (n = 6); ***p < 0.05 compared with Normal, #p < 0.05 as
compared with Diabetic Control.
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For further validation, the protein expressions responsible
for the induction of oxidative stress, hypoxia, apoptosis
and inflammation of pancreatic tissues were estimated.
The expressions of NF-kB, PKC ¢, HIF-1a, VEGF and
IL-6 were significantly increased in diabetic control as
compared to normal rats. However, PTY-2 treatment
significantly decreased all these expressions (Figure 2 (a)
and (b)).

3.2.2. Immunohistochemistry

(a)
Diabetic
Control

NFKB (65 kDa) > | MESSG_— “

Normal PTY 2

| o e v~

PKC-¢ (84 kDa) ->

| ——
IL-6 (23 kDa) -> - <
VEGF (21 kDa)-> | i—— ”‘“’
-_
Bactin(42kDa) > [
=

Hif 1a (120 kDa)-> -

(b)

The expressions of MMP-9, HIF-1a, VEGF, IL-
6, PKC-¢, NF-kB and Caspase-3 were significantly
enhanced in diabetic control islets. The hazardous effects
of STZ were down-regulated by 10 days of PTY-2
treatment. The Caspase-3, HIF-1a, MMP-9, IL-6, VEGF
and PKC-¢ expressions decreased significantly in PTY-
2 treated group as compared to diabetic control and
increased significantly as compared to the normal. The
expression of NF-kB in PTY 2 treated group decreased
significantly as compared to diabetic control, but non-
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Figure 2. (a) Protein expressions to investigate the effect of PTY-2 on STZ induced islet stress; (b) Densitometric analysis of
western blot product. Each value represent the mean £ SD (n = 6); ***p < 0.05 compared with Normal, #p < 0.05 compared with

Diabetic Control.
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Figure 3. Immunohistochemistry analysis showed the effect of PTY-2 on the expression of (a) HIF-1a (green) and (b)
Caspase 3 (red) in the islets of normal, diabetic control, and PTY-2-treated rats' pancreatic tissues. Both the expressions
were merged with DAPI (blue). In comparison to diabetic control, PTY-2 down regulated the expression of both HIF-1a and
Caspase 3. The images were taken at 63X magnification. Scale bar was 10 um. The intensity was measured in pixel values. Each
value represent the mean £ SD (n = 6); ***p < 0.05, compared with Normal, #p < 0.05, compared with Diabetic Control.
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Figure 4. Immunohistochemistry analysis showed the effect of PTY-2 on the expression of (a) MMP-9 (green) and (b) IL-6
(red) in the islets of normal, diabetic control, and PTY-2-treated rats' pancreatic tissues. Both the expressions were merged
with DAPI (blue). In comparison to diabetic control, PTY-2 down regulated the expression of both MMP-9 and IL-6. The images
were taken at 63X magnification and scale bar was 10 um. The intensity was measured in pixel values. Each value represent the
mean = SD (n = 6); ***p < 0.05, compared with Normal, #p < 0.05, compared with Diabetic Control.
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Figure 5. Immunohistochemistry analysis showed the effect of PTY-2 on the expression of NFkB (red) in the islets of
normal, diabetic control, and PTY-2-treated rats' pancreatic tissues. The expression was merged with DAPI (blue) In
comparison to diabetic control, PTY-2 down regulated the expression of NF-kB. The images were taken at 63X magnification
and scale bar was 10 um. The intensity was measured in pixel values. Each value represent the mean = SD (n = 6); ***p < 0.05,
compared with Normal, #p < 0.05, compared with Diabetic Control.
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Figure 6. Inmunohistochemistry analysis showed the effect of PTY-2 on the expression of (a) VEGF (green) and (b) PKC-¢
(red) in the islets of normal, diabetic control, and PTY-2-treated rats' pancreatic tissues. Both the expressions were merged
with DAPI (blue). In comparison to diabetic control, PTY-2 down regulated the expression of both VEGF and PKC . The images
were taken at 63X magnification and scale bar was 10 pm. The intensity was measured in pixel values. Each value represent the
mean + SD (n = 6); ***p < 0.05, compared with Normal, #p < 0.05, compared with Diabetic Control.

significant to normal rats (Figures 3, 4, 5 and 6).
4. Discussion

The results of our study showed that, compared to the
diabetic control group, the PTY-2 group had a favorable
change in the expressions of biomarkers as assessed
by RT-PCR, Western blot and Immunohistochemistry
techniques. Analysis showed that STZ increased the
expressions of MMP-9, TNF- o, HIF-1a, VEGF, IL-
6, PKC-¢, NFkB and Caspase-3, which leads to the
development of diabetic pathogenesis. But these
expressions were significantly decreased by the
treatment with PTY-2 for 10 days. Expression of SOD
and Nephrin were significantly decreased among diabetic
control rats, and these increased significantly after the
administration of PTY-2. Thus, PTY-2 favorably changed
the expressions of the biomarkers against islet stress.

Our earlier research had focused on the antidiabetic
role of PT in STZ-induced diabetic model. We found
that PT has an effect on inflammation (/5) and
hyperglycemia (//-13). Initially, the results showed that
PTY-2 had hypoglycemic action because of inhibition
of DPP-1V activity. In further research, we evaluated
the effect on incretin receptors GLP-1R (Glucagon-
like peptide 1 receptor), GIP-R (Glucose-dependent
insulinotropic peptide receptor), and insulin. The results
showed a significantly higher increase in plasma GLP-
1 and GIP levels and a significant decrease in blood
glucose concentrations after PTY-2 treatment (50 mg/100
g body weight) for 10 days. In the second study of

chronic diabetes induced with STZ among rats, there was
also a significant decrease in intestinal DPP-IV activity
and an enhanced basal plasma insulin concentration in
PTY-2 (earlier mentioned as PTWE) treated diabetic
rats. Additionally, there was an increase in the number of
islet cells and a significant increase in protein expression
of insulin and B-cell lymphoma-2 (Bcl-2) in islet.
According to in silico studies in our lab, Puerarone and
Robinin were the two most effective phytochemicals for
DPP-IV inhibition, and Tuberostan & Puererone of PTY-
2 identified as the active component for GLP-1 and GIP
receptors. Moreover, an in-vivo experiment showed that
anti-inflammatory property of Pueraria tuberosa might
be because of the scavenging of free radicals by increase
in activity of SOD, and decrease in C-reactive protein
levels (15).

Moving in the same direction of evaluation of the
role of PTY-2 in chronic diabetes, we studied the effect
of PTY-2 on the markers of oxidative stress, hypoxia,
apoptosis and inflammation, which are known to play a
significant role in the development and progression of
pancreatitis and DM.

To understand and assimilate the results, the
pathological changes in chronic diabetes along with
the hypothetical mechanism of action of PTY-2
according to our study and previous reports have been
diagrammatically shown in Graphical abstract (Figure
7). DM is a manifestation of abnormal metabolism and
transport of glucose, and is associated with a decrease
in insulin secretion and presence of insulin resistance.
Further on, this leads to hyperglycemia and an increase
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Figure 7. Mechanism of action of PTY-2 against STZ induced islet stress.

in the release of free fatty acids (FFAs) (45). All
these inter-related steps decrease P-cell function and
number, increase oxidative stress, induce apoptosis and
endoplasmic reticulum stress, and increase the release of
inflammatory cytokines (45). FFAs are known to induce
the release of various interleukins, including IL-6, which
further increase the release of free radicals and activate
caspases. As shown in graphical abstract, NFkB, PKC-¢,
TNF-a, and IL-6 are mediators of inflammation, and the
administration of PTY-2 in our study was associated with
a decrease in the expression of all these mediators. With
the progression of diabetes, the balance between the pro-
inflammatory, anti-inflammatory or protective mediators
is disturbed (45). The increase in oxidative stress,
measured by a decrease in SOD activity and an increase
in ROS, was also decreased by PTY-2 administration.
Other mediators of oxidative stress, i.e., MMP-9 and
VEGF, were also decreased. Hypoxia, which is measured
with HIF 1o, is also an inducible factor of DM and was
decreased by PTY-2 administration. Apoptosis, one of the
critical pathological changes, is mediated by an increase
in activity of caspases (42). PTY-2 led to a decrease
in caspase-3 expression. Taking into consideration of
our earlier evidence, it can be proposed that PTY-2
acts as a DPP-IV inhibitor, potentiates GLP-1 and GIP
(13) mediated responses, and decreases inflammation,
oxidative stress, apoptosis and hypoxia. GLP-1 agonists

showed an inhibition of pro-inflammatory mediators
in DM and other inflammatory conditions as well, in
addition to their glucose-lowering potential (46,47).
MMP-9, one of the markers estimated in our study,
deteriorates the inflammatory condition as it causes
vascular injury, increases migration and cellular invasion
by inflammatory cells (22,33). Both animal and human
studies have shown an increase in MMP-9 expression in
pancreatitis (48,49). MMP-9 acts as a diabetogenic factor
by increasing proteolytic cleavage of insulin (48,49).
Similar to our results, earlier studies have also shown an
increase of MMP-9 activity in STZ induced models of
DM (22,48). 1t is assumed that hyperglycemia induced
oxidative stress induces the expression of MMP-9 in
pancreas, and this can be counterbalanced with GLP-
1 agonists (22,50). However, MMP-9 along with other
paracrine factors is required for normal islet matrix
turnover (517). IL-6, another biomarker, is also known to
perform both inflammatory and protective roles (45). In
type 1 DM, IL-6 participates in the regulation of balance
between peripheral blood's regulatory T cells and Th17.
In addition to this, IL-6 may contribute to both enhanced
tissue insulin sensitivity and insulin resistance. Also,
the increase of glucose concentration were found to co-
exits with enhanced blood IL-6 concentration in patients
with T2DM (45). However, PKC-¢ inhibition/deletion is
associated with an improvement in glucose homeostasis
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(39). In a previous study, when the Psammomys (sand
rats) were fed with high energy diet, they developed
insulin resistance mimicking T2DM. Treatment with
PKC-¢ abrogated peptides prevented insulin resistance,
hyperinsulinemia and pancreatic beta cell loss. It shows
that the enhanced expression of PKC-¢ in T2DM is
associated with beta cell loss (52). In another study
with culture of lipid-treated islets isolated from PKC-¢
knockout (PKC-¢ KO) mice, there occurred amplification
of GSIS (glucose-stimulated-insulin-secretion),
reinforcing the benefit of inhibition of PKC-¢ (39). Our
results also showed a significant increase of PKC-¢ in the
diabetic group, followed by a significant decrease in the
PTY-2 group.

Pro-inflammatory and pro-apoptotic cytokines like
IL-1PB and TNF-a are involved in the development and
progression of diabetes. NF«B is a transcription factor
for mediating the cellular responses of inflammatory
cytokines like IL-1p and TNF-a (45). NFkB pathways
control cellular proliferation, inflammation, and immune
responses through signal transduction (2/,53). The
activity of NFkB is increased in acute pancreatitis, and
the longer duration of increased activity is associated
with chronic diseases (54-57). Sitagliptin, a DPP-IV
inhibitor used among T2DM patients, has shown anti-
inflammatory action through the inhibition of NF«B,
inflammatory cytokines and cell apoptosis (58). Mice
deficient in NFkB have shown to be resistant to STZ
induced diabetes (59).

TNF-a is a part of diabetes pathologenesis (60). The
effects of TNF-a are mediated through the activation of
NFkB pathway. An increase in the expression of TNF-a
gene can enhance the risk of onset and progression
of DM (21). Although the administration of TNF-a
to animals is associated with insulin resistance and
the regulation of TNF-a levels can improve insulin
sensitivity, the status of TNF-a as a drug target for DM
is still being evaluated. This might be possible with more
understanding of the inter-relationships of the mediators
in the pathogenesis of DM (617). A novel transcriptional
inhibitor of TNF-a, MDL 201.449, has been found
to reduce TNF-o mRNA levels dose dependently and
prevent the development of hyperglycemia among mice
following STZ injections (73).

Hyperglycemia also leads to the destabilization of
HIF-1a, which is responsible for the regulation of the
cellular responses to hypoxia. (62,63). Hypoxia is an
important cause of apoptosis and beta cell loss, and
HIF-1a is an important indicator of beta cell loss (64).
It is known that GLP-1R agonists (Extendin-4) improve
islets survival through the activation of transcription
factor, cAMP response element binding protein (CREB).
A combination of CREB and Extendin-4 exerted
enhanced anti-apoptotic action in cultured islets against
hypoxia and cytokines. In an early phase, HIF-1a comes
as a metabolic adaptation, but its prolonged activation
enhances the expression of proapoptotic genes (64).

Increased levels of caspases, along with the hypoxic
state, are involved in beta cell apoptosis (65). Caspase-3,
an important effector of the apoptotic pathways of DM,
was also evaluated in our study (42). A study among
Caspase-3 knockout (Casp”) mice has shown that these
mice were protected from the development of DM with
a multiple low-dose administration of STZ, which,
otherwise, causes selective 3 cell destruction and further
triggers the immune reactions against islets (42). Studies
with GLP-1 analogs among the animal models, in-vitro
cell lines and human islet cells have shown a reduction
in apoptosis, which was associated with a significant
down-regulation of caspase-3 and up-regulation of
bcl-2, and an increase in intracellular insulin content
(47,64,66,67). In an earlier study, Puerarin, one of the
components of PTY-2, decreased the expression of
caspase-3 in osteoblasts of diabetic rats and improved
the pathological changes (68).

HIF-1a is also a transcriptional activator of VEGF
(69). VEGF, a pro-angiogenic growth factor, helps
in the vascularization of the pancreatic islets (37,70).
But overexpression of VEGF is fatal, as stated earlier.
Oxidative stress, measured by the presence of ROS, is
a promoter of angiogenesis (70). Currently, anti-VEGF
therapy is approved for use in diabetic retinopathy
(71). Additionally, the effect of DPP-IV inhibition and
GLP-1 are being evaluated in diabetic ulcers and for
cardiovascular protective role (69,72).

Hyperglycemia also impairs nephrin signaling by
increasing its internalization and upregulates PKC-a
expression. Thus, these expressions playing an interesting
role against pancreatic B-cell loss in T2DM (29).

Currently, there is a need of antidiabetic agents with a
wider spectrum of actions. As the roles of inflammation,
oxidative stress, hypoxia, and apoptosis have become
clearer over years, the currently available drugs should
be re-evaluated for their effects on newer targets.
Additionally, there is a need of newer agents which have
action beyond the glucose-lowering potential. Various
compounds have been studied for their role in the
treatment of DM.

PTY-2 is a herbal medicine under evaluation for
its role in DM. Along with these results, PTY-2 has
also shown anti-diabetic action by inhibition of DPP-
IV enzyme, by acting as incretins receptor agonist, and
by decreasing B cell apoptosis. Further pre-clinical and
clinical research can help in the utilization of PTY-2 as
a treatment option in DM. PTY-2 can be a less costly
treatment option as compared to the already available
anti-diabetic synthetic drugs in market. As PTY-2
extract is composed of many phytochemicals, it can
be effective for multiple diseases. On the other hand,
the limitations of work shows that this study did not
evaluate the role of individual phytochemicals of PTY-
2 in DM. Overall, further post-translational studies are
required to completely understand the protective effect
of PTY-2 on islet.
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5. Conclusion

Administration of PTY-2 for 10 days decreased the
expressions of various biomarkers of oxidative stress,
hypoxia, apoptosis and inflammation such as MMP-
9, SOD, NF«B, VEGF, TNF-a, Caspase-3, IL-6, and
HIF-1a as well as increased the expression of SOD and
Nephrin among STZ-induced diabetic rats. Thus, PTY-
2 protects diabetic islet through multi-targeted pathways.
Further clinical research is needed to establish the role of
PTY-2 in the treatment of DM.
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Summary

Postmenopausal osteoporosis (PMQO) has become a public health problem worldwide.
Hormonal replacement therapy (HRT) is the most popular treatment for PMO at present,
but the side effects, including increased risk of endometrial cancer and breast cancer,
limit its clinical use. Therefore, finding a new medication with high efficiency and less
side-effects is urgently required. Dioscin is the main ingredient of some medicinal plants
such as Dioscorea nipponica Makino and Dioscorea zingiberensis Wrigh. It is reported
that dioscin has anti-tumoral and anti-atherosclerotic activity as well as an inhibitory
effect on hepatic fibrosis. In this study, the effects of dioscin on PMO were examined and
the mechanisms were analyzed. The results indicated that the bone mineral density and
ultimate load of PMO rats were increased after being treated with dioscin. H&E staining
and immunohistochemical staining showed the bone trabeculae formation and bone
differentiation of PMO rats were promoted by dioscin. Western blots revealed that dioscin
could activate the PI3K/P38/AKT signaling pathway and inhibit the apoptosis signaling
pathway in bone tissue cells of PMO rats. In addition, MTT assays showed that MC3T3-E1
cell viability could be improved by dioscin. These results suggest dioscin is a potential
therapeutic reagent for osteoporosis and deserves further investigation.

Keywords: Dioscin, postmenopausal osteoporosis, PI3K/P38/AKT pathway, apoptosis

1. Introduction

health issue with high morbidity and mortality, similar
to cardiovascular diseases, diabetes, and cancer. More

Osteoporosis is a prevalent systemic metabolic
bone disease characterized by decreased bone mass,
bone microstructure degradation, bone fragility and
susceptibility to pathological fractures (/). Osteoporosis
has been paid more attention, because of the progressive
aging of society (2). According to a report from World
Health Organization, osteoporosis has become a global
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than 200 million people in the world have osteoporosis,
and at least 9 million of them suffer from fractures. The
financial burden of fractures has been increasing and is
expected to rise 29% by 2020 compared to 2005 (3).
There are numerous issues that can cause
osteoporosis, such as endocrine or nutritional factors,
age, and a myriad of chronic systemic diseases. It
can occur at any age but is especially frequent in
postmenopausal women (4). Postmenopausal women
suffer from osteoporosis primarily due to decreased
gonadal function, which, in conjunction with advanced
age, promotes postmenopausal osteoporosis (PMO)
(5). Both the pain and skeletal deformation caused by
PMO decrease the quality of life of female patients.
Moreover, PMO sufferers place a financial burden
on both families and society due to the disabilities
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Table 1. The pharmacological treatment of rats

Treatments Model group Low dose group High dose group Control group
Dioscin / 150 mg/kg daily (i.g.) 300 mg/kg daily (i.g.) /
Operations Ovariectomy Ovariectomy Ovariectomy Sham-operation

associated with PMO. Therefore, PMO is a serious
problem that still needs to be adequately addressed. It
is necessary to find new remedies for the disease that
will be both effective and safe, to complete the existing
therapeutic arsenal.

Estrogen (E) deficiency caused by ovarian
dysfunction is the major factor in the development
of osteoporosis after menopause (6,7), and hormone
replacement therapy (HRT) has been applied widely in
recent decades. However, long term HRT is associated
with an increased risk of thrombosis, breast cancer,
and endometrial cancer, which limits the clinical
application of HRT. Furthermore, HRT-induced sodium
and water retention affect patient compliance. Apart
from HRT, other treatments for PMO include calcitonin,
bisphosphonates, statins, and monoclonal antibodies.
However, the clinical applications are all restricted by
high price and side effects, including osteonecrosis
and venous thromboembolism (VTE) (§). Considering
these problems, herbal drugs, which might be cable of
assuaging concerns about treatment risks, have received
attention in PMO management and are of great interest
to both public and medical professionals.

Dioscin is the main ingredient of some medicinal
plants such as Dioscorea nipponica Makino and
Dioscorea zingiberensis Wright (9) and has therapeutic
uses in various diseases. It is reported that dioscin has
anti-tumoral activity (/0,11), anti-atherosclerotic activity
(12) and inhibitory effects on hepatic fibrosis (/3).
In recent years, several studies have showed dioscin
alleviates the impact of osteoporosis (4). Interestingly,
it does not cause endometrium proliferation (3), which
indicates that dioscin could be used in women with intact
uteri.

In this study, osteoporotic ovariectomized rat model,
as well as a cultured osteoblast precursor cell line, was
made to investigate the effects of dioscin on PMO.
Moreover, possible molecular mechanisms of action
were proposed to further verify the feasibility of clinical
application of dioscin.

2. Materials and Methods
2.1. Materials

Dioscin (purity > 98%) was purchased from Shanxi
Hengcheng Pharmaceutical company. In cell experiments,
dioscin was added into phosphate buffered saline (PBS)
with a final concentration of less than 0.1% fetal bovine
serum (FBS) and penicillin-streptomycin were obtained
from Hyclone. Dimethyl sulfoxide (DMSO) was

purchased from Amresco. Alkaline phosphatase (ALP),
bone morphogenetic protein (BMP), PI3K, P38, p-P38,
ERK, p-ERK, AKT, p-AKT, Bc¢l-2, Bax, Caspase3 and
c-Caspase3 antibodies were purchased from Affinity.

2.2. Animal preparation

Forty female Sprague Dawley (SD) rats were provided
by Basic Medical College of Jilin University. The
animal study was conducted following internationally
recognized guidelines and was approved by the Animal
Research Committee of Norman Bethune College of
Medicine, Jilin University. Apart from this, all rats were
allowed seven days to adapt to the new environment
and were housed in a room with a 12-hour light/dark
cycle at a temperature between 22-25°C and controlled
humidity between 40-50%.

2.3. Pharmacological treatment

As shown in Table 1, the study was performed on 40
female SD rats (200 + 20 g). At about 4 to 6 weeks of
age, the rats were randomly divided into four groups
(of 10 animals each): Model group and control group
received PBS intragastrically (i.g.) at a rate of 4 mL/
kg daily. The other two groups were treated i.g. with
dioscin at either 150 mg/kg daily (low dose group) or
300 mg/kg daily (high dose group) in PBS.

With the exception of the control group (which
underwent the same procedure but without ovariectomy),
the other 30 rats all underwent a complete bilateral
ovariectomy. Five days after the operation, dioscin was
administered 7.g. for 60 days.

After intraperitoneal injection of chloral hydrate
(350 mg/kg), the rats' serum was collected and used
for culturing MC3T3-E1 cells. Then, the rats were
euthanized, and the right femurs were dissected, cleaned,
and fixed in 10% buffered formalin for 24 hrs. After
that, the bones were kept in 70% ethanol and stored at
4°C to be sliced.

2.4. BMD measurement

Before euthanizing the rats, the bone mineral density
(BMD) of femur and lumbar vertebra were measured
via Dual-energy X-ray (LUNAR, USA) absorptiometry
using software for small animals.

2.5. Three-point bending test

The mechanical properties of the femoral diaphysis
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were studied using a three-point bending test. After
being placed at room temperature for 1h, the left femurs
were placed under vertical load in the testing machine.
The load increased at the rate of 2 mm/min until the
bone broke, and the load under which the bone broke
(the ultimate load) was recorded.

2.6. Histomorphological assay

The right femurs of the rats were fixed in 10%
buffered formalin for 24 hrs and then decalcified in
10% ethylenediaminetetraacetic acid for 14 days. The
bones were then treated with ethanol and xylene for
dehydration. After being embedded in paraffin and
sliced, several 4 um-thin histological slices stained
with hematoxylin and eosin (H&E) were prepared.
The images were subsequently acquired using a light
microscope with 200x magnification.

2.7. Immunohistochemical (IHC) staining

After 60 days of treatment, histological slices from the
right femurs of rats were prepared for ALP and BMP
IHC staining, as previously described (/4). The slices
were analyzed using a microscope Image-Pro Plus
6.0, and positive cells were identified as the cells with
brown staining.

2.8. Western blot

The protein samples from fresh rat femoral bone
tissue were extracted with cold lysis buffer, resolved
in 12% SDS-PAGE gels, separated electrophoretically
and transferred onto Polyvinylidene Fluoride (PVDF)
membranes (Millipore, USA). The non-specific binding
sites of the membrane were blocked with 5% dried
skim milk at 37°C for lhr. After that, the membrane
was incubated with primary antibodies (PI3K, P38,
p-P38, ERK, p-ERK, AKT, p-AKT, Bcl-2, Bax,
Caspase3, c-Caspase3 and B-actin antibody) overnight
at 4°C and then incubated with horseradish peroxidase
(HRP) tagged secondary antibody at room temperature
for 2hrs. Finally, the protein level was detected with
an ECL plus kit (Millipore, USA) and developed via
ChemiDoc XRS (BIO-RAD, USA).

2.9. Cell cultures and MTT assay

The MC3T3-El cells were purchased from the Cell
Bank of the Chinese Academy of Sciences (Shanghai,
China), and were cultured in IMDM supplemented
with 10% FBS and 1% penicillin-streptomycin. The
cells were all maintained in a humidified incubator
containing 5% CO, at 37°C. Cell viability was
evaluated with MTT assay. After being adjusted to a
concentration of 5 x 10* /mL, the MC3T3-E1 cells
were seeded onto 96-well plates at 100 uL per well

and cultured in an incubator overnight. After being
incubated with the serum of rats respectively for 72 hrs,
the MTT solution (10 pL per well, 5 mg/mL) was added
into each well, and the cells were incubated at 37°C for
4 hrs. Finally, DMSO solution was added at 150 pL per
well. After shaking for 10 minutes, the absorbance was
analyzed at 490 nm using a Microplate Reader.

2.10. Statistical analysis

All data was analyzed with the statistical software
SPSS 18.0 and the results expressed as means + SD.
The differences among groups were analyzed using
a student's #-test. p < 0.05 and p < 0.01 indicated
statistically significant differences.

3. Results
3.1. Dioscin increased the BMD of PMO rats

To assess the effect of dioscin on PMO, the BMD of
PMO rats were measured. As shown in Figure 1A-C,
rats in the model group showed a lower level of femur
BMD (f-BMD) and lumbar vertebra BMD (v-BMD)
compared with the control group (p < 0.01). Meanwhile,
low-dose treatment with dioscin increased the level of
f-BMD and v-BMD (p < 0.01) compared with the model
group. Furthermore, high-dose treatment with dioscin
increased the level of BMDs significantly (p < 0.05 in
both BMDs). These results indicate that the PMO rat
model has been established successfully, and dioscin can
increase the BMD of PMO rats by promoting formation
of bone.

3.2. Dioscin enhanced the mechanical properties of bone
in PMO rats

To further investigate whether dioscin improves
mechanical properties of bone in the PMO rats,
maximum bone stress was compared between groups. As
shown in Figure 1D, the femurs from the model group
show a significant decrease in ultimate load compared
with the control group (p < 0.01), and a substantial
increase in the ultimate load has been observed in both
the low-dose group (p < 0.05) and high-dose group (p <
0.01) compared with the model group, suggesting dioscin
is capable of providing significant protection against
ovariectomy-induced bone fragility.

3.3. Dioscin increased bone trabeculae formation in
PMO rats

H&E staining was employed to observe the
morphological features of bone trabeculae in PMO rats.
Compared with the control group, there were more
spaces within the bone marrow than bone trabeculae
in the cancellous bone of femurs in the model group,
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Figure 1. Effects of dioscin on BMD, ultimate load and histopathological evaluation in rats. (A-C), Effects of dioscin on
the BMD of femur (A,B) and lumbar vertebra (A,C), respectively. (D), Effects of dioscin on the ultimate load of rat femurs. (E),
H&E staining of rat femur tissue. (F), IHC staining of ALP in rat femur tissue. (G), The IHC staining of BMP in rat femur tissue.
Results were obtained from three independent experiments and are expressed as mean + SD. #: p < 0.05; ##: p < 0.01 vs. control
group; *: p <0.05; **: p <0.01 vs. model group.

which could be significantly restored by dioscin
regardless of dose (Figure 1E). These results demonstrate

group is lower than control group, while this decrease
has been prevented by dioscin. The same change can

the protective role of dioscin in the prevention of
ovariectomy-induced trabecular bone loss.

3.4. Dioscin promoted bone differentiation

To further verify the efficacy of dioscin in the promotion
of bone differentiation, IHC staining was conducted to
determine the levels of ALP and BMP. As shown in
Figure 1F, the expression of ALP in rats from the model

be observed in the expression of BMP (Figure 1G).
Therefore, the conclusion can be drawn that dioscin is
capable of up-regulating the levels of ALP and BMP,
which have been down-regulated in PMO rats.

3.5. Dioscin promoted bone formation via PI3K/P38/
AKT signaling pathway

To investigate the mechanism of dioscin promoting the
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Figure 2. Effects of dioscin on proliferation, differentiation and apoptosis-associated proteins in bone tissue. (A and B), Effects
of dioscin on PI3K, P38, p-P38, ERK, p-ERK, AKT and p-AKT levels in bone tissue. (C and D), Effects of dioscin on Caspase3,
c-Caspase3, Bcl-2 and Bax levels in bone tissue. Results were obtained from three independent experiments and are expressed as
mean £ SD. #: p < 0.05; ##: p <0.01 vs. control group; *: p <0.05; **: p <0.01 vs. model group.

formation of bone, Western blots were used to detect
the expression of proliferation-associated proteins in
bone tissue. As shown in Figure 2A and Figure 2B,
the expression of PI3K, P38, p-P38, ERK, p-ERK,
AKT, p-AKT of rats in the model group was decreased
compared with the control group (p < 0.01). Except
that the level of P38, p-P38, p-ERK and AKT was only
increased by low-dose dioscin (p < 0.01), the increase of
the other proteins were observed at both the low and high
dose of dioscin, compared to the model group. These
results reveal that the promoting effect of dioscin in bone
formation might be associated with the activation of the
PI3K/P38/AKT signaling pathway.

3.6. Dioscin inhibited the apoptosis of bone tissue

To further explore the mechanism of dioscin promoting
the formation of bone, the expression of apoptosis-
associated proteins in bone tissue was detected using
Western blots. Results are represented in Figure 2C and
Figure 2D: in the model group, the level of Bcl-2 was
decreased, and the level of Caspase3, c-Caspase3 and
Bax was increased compared with the control group (p
< 0.01). While it was expected only low-dose dioscin
would effectively down-regulate the level of Caspase3
and c-Caspase3, as well as up-regulate the level of Bcl-
2, both dosages of dioscin inhibited the expression of
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Figure 3. Effects of dioscin on the proliferation of
MC3T3-E1 cells. Effects of dioscin on cell viabilities of
MC3T3-E1 cells. Results are expressed as mean + SD. # p <
0.05; ##: p <0.01 vs. control group; *: p <0.05; **: p <0.01 vs.
model group.

Bax significantly (p < 0.01). These results suggest that
dioscin could improve osteoporosis through inhibiting
the apoptosis signaling pathway.

3.7. Dioscin enhanced the proliferation of MC3T3-E1
cells

MC3T3-E1 cells were used to identify whether dioscin
could enhance osteoblast proliferation in vitro. As shown
in Figure 3A and Figure 3B, the MTT assay showed that
the cell viability of the model group is much lower than
that of the control group. Meanwhile, the viability of
cells incubated with the serum of rats treated with dioscin
at different doses increased significantly, compared to
the model group. The above results show that osteoblast
proliferation was promoted by dioscin, which indicates
dioscin might promote bone formation via osteoblast
activation.

4. Discussion

Bone metabolic balance depends on the interaction

of bone formation and bone resorption, indicating the
disorder is caused by an imbalance between osteoblasts
and osteoclasts (/5,16), which is also the key cause of
PMO. Osteoblasts play a vital role in bone formation
and are controlled by several signaling pathways,
including PI3K/P38/AKT pathways (/7-19). This study
aimed to evaluate the osteoprotective effects of dioscin
on PMO rats and explore dioscin's mechanism of
action.

PMO rats, a well-established experimental model
of PMO in vivo, were confirmed by the decrease of
BMD, ultimate load, ALP and BMP expression (all
of which were prevented by dioscin in this study).
The lower levels of BMD and the reduced stiffness
are two principal features in osteoporosis formation,
predisposing patients with osteoporosis to a high risk
of bone fracture (8). ALP, functioning as an osteoblast
differentiation marker at an early stage, participates
in the beginning of mineralization of bone formation.
Additionally, ALP activation could be increased by
BMP (20), a significant autocrine and paracrine growth
factor (21).

BMP is a member of the TGF-f superfamily and is
derived from osteoblasts. Besides, BMP could influence
the differentiation of mesenchymal stem cells (MSCs)
to osteoblasts via the P38 signaling pathway (22). Thus,
BMP represents a critical factor in the process of bone
formation and bone repair (23). Our results indicated
that dioscin could up-regulate the expression of
osteoblast differentiation-associated proteins including
ALP and BMP, which implied that it might increase
BMD via promoting osteoblast differentiation and hence
strengthen the ultimate load of PMO rat femurs.

Obviously, there is a decrease in the expression
of PI3K, P38, p-P38, ERK, p-ERK, AKT and p-AKT
in PMO rats. Interestingly, although the effectiveness
of dioscin varied based on the concentration, it could
reverse these decreases in our study. P38 mitogen-
activated protein kinase (P38) and extracellular regulated
protein kinases (ERK) are members of mitogen-
activated protein kinases (MAPK), which are a family
of serine/threonine protein kinases. P38 is capable of
increasing the proliferation of osteoblasts and inhibiting
the differentiation of osteoclasts by activating NF-
KB, Max, P53, and Statl to improve osteoporosis (24).
Moreover, P38 is an osteoblast-derived protein with a
significant effect on the regulation of cell proliferation
(25). Also, ERK has an essential impact on maintaining
the balance between bone formation and bone resorption
by promoting the differentiation of MSCs to osteoblasts.
What's more, protein kinase B (AKT) is the downstream
of PI3K (26). PI3K/AKT signaling pathway plays a
vital role in osteoblast differentiation and mineralization
(27). Not only does PI3K regulate the differentiation of
osteoblasts by interacting with Runx2 (28-37), but also
could inhibit osteoblast apoptosis by inactivating FoxO
(forkhead proteins) (32-35). Apart from these, the PI3K/
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AKT signaling pathway promotes the proliferation
and differentiation of osteoblasts through associated
signaling molecules such as ALP and BMP (36,37).
Our results indicate that dioscin stimulates bone tissue
proliferation and differentiation via P38 and PI3K/AKT
signaling pathways.

Our study demonstrates the expression of Bcl-2 is
up-regulated in dioscin-treated rats compared with PMO
rats, while the expressions of Caspase3, c-Caspase3
and Bax are down-regulated. Bel-2, Bax, and Caspase3
as well as c-Caspase3 play a vital role in apoptosis.
Apoptosis could be induced by the release of cytochrome
C from mitochondria (38). The release of cytochrome
C could be inhibited by Bcl-2 and be promoted by Bax,
then contribute significantly to activate the Caspase
family of proteins, especially Caspase3 (39,40),
which could be activated by Caspase9, cleaved into
c-Caspase3 and work as an executor leading to cells
apoptosis. Furthermore, by combining with Bax and
silencing it, Bcl-2 performs a protective effect on
apoptosis. However, the overexpression of Bax could
overcome the protective effect of Bcl-2 and lead to
apoptosis (4/). AKT also has a protective effect via
the inhibition of Caspase9 and activation of Bcl-2. Our
results demonstrate the ability of dioscin to alleviate
ovariectomy-induced osteoporosis by inhibiting bone
tissue apoptosis through the regulation of both Bcl-2/
Bax and PI3K/AKT signaling pathways.

Additionally, osteoblast-like MC3T3-E1 cells were
used to examine the effects of dioscin on osteoblasts
in vitro. Our data shows both low and high doses of
dioscin significantly increase MC3T3-E1 cell viability.
The ability to increase MC3T3-E1 cell viability provides
further evidence for the mitigating effect of dioscin on
osteoporosis via osteoblast proliferation.

Ultimately, it was found that dioscin can improve
BMD and strengthen the maximum bone stress of
PMO rats. The strengthening can likely be attributed
to the activation of osteoblast proliferation and
differentiation. Furthermore, dioscin could promote
bone tissue proliferation through PI3K/AKT and P38
signaling pathways, and inhibit bone tissue apoptosis
via regulation of the Bcl-2/Bax signaling pathway
in rat models, to perform a protective effect against
postmenopausal osteoporosis. The anti-osteoporotic
effect of dioscin was also confirmed in vitro in this
study. Accordingly, dioscin represents a novel candidate
for treatment of PMO.

However, considering this study was preclinical,
further research is required to support these conclusions.
Moreover, the exact mechanisms and the clinical
applications of dioscin in PMO treatment need to be
further explored in the future.
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Summary

Certain Desulfovibrio sp. (anaerobic sulfate-reducing bacteria) are indigenous to swine
cecum and colon, which are also common habitats for parasitic amoebae such as Entamoeba
polecki and Entamoeba suis. In this study, we evaluated the growth-promoting effects of
D. desulfuricans co-cultured with Escherichia coli (DHS5a) and its products [e.g., hydrogen
sulfide (H,S) and certain iron-sulfide (FeS) compounds] using Robinson's medium, on the 4
amoeba isolates from swine-Entamoeba polecki subtype (ST)-1, E. polecki ST-3, Entamoeba
suis, and Endolimax sp., and, consequently, a continuous culture system for these amoebae
was established. However, this novel culture system was required to regulate the excess H,S
dissolved in the medium by increasing air space as amoeba isolates thrive only in large air
spaces (30-40%). The effects of air space and H,S and FeS compounds on the growth of
E. polecki ST-1 (TDP-5) were determined. E. polecki ST-1 (TDP-5) thrived well in culture
bottles with an air space of 30-40% (aerobic) (H,S: ~250-400 pmoles/L), but did not grow
at all in an air space < 5% (microaerobic) ( H,S:~800 pmoles/L) and in anaerobic vessels
(H,S: 20-30 pmoles/L). In both H,S-depleted and FeS compound-depleted conditions, the
amoebae sp. could not thrive either. It was hypothesized that an appropriate concentration
of H,S and FeS compounds might function as important physiologically active components
of electron carriers such as FeS and ferredoxin.

Keywords: Swine amoeba isolate, Robinson's medium, Desulfovibrio desulfuricans, hydrogen-
sulfide, iron-sulfide compound

1. Introduction

colon of swine (/), which are also common habitats
for parasitic amoebae, such as Entamoeba polecki and

Certain Desulfovibrio sp. (anaerobic sulfate-reducing
bacteria) are bacteria indigenous to the cecum and
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Entamoeba suis (2-4). Hydrogen sulfide (H,S) produced
by some enteric bacteria (e.g., Desulfovibrio sp.,
Clostridium sp., etc.) is sometimes toxic to the aerobic
organisms which possess the mitochondrial cytochrome
¢ oxidase enzyme. This is because H,S binds with iron
in the cytochrome ¢ oxidase and prevents the aerobic
respiration by mitochondria. However, micro quantities
of H,S are also recognized for their cytoprotective
and antioxidant activities along with the physiological

www.biosciencetrends.com



BioScience Trends. 2019, 13(5):402-410. 403

effects on energy metabolism, signal transduction, and
neurotransmission. (5-7).

Culture strains [Entamoeba polecki (subtype (ST)-
1 and ST-3), Entamoeba suis, and Endolimax sp.]
were previously isolated from swine using Robinson's
medium supplemented with a Desulfovibrio sp. derived
from these animals. During the culture, ferrous sulfide
(FeS)-like black colored precipitate was sometimes
observed in the culture media in which amoebae of
those isolates thrived. Hence, in the present study, we
investigated the growth-promoting effect on E. polecki
(subtype 1: TDP-5), which exhibits the highest rate of
proliferation among the four isolates and is a zoonotic
species infecting humans (8), and used the reference
strain Desulfovibrio sp. [Desulfovibrio desulfuricans
subsp. desulfuricans (NBRC13699)] instead of a
Desulfovibrio sp. derived from swine.

2. Materials and Methods
2.1. Amoeba isolates from swine

The present study used amoebae isolated from swine
bred at the Kitasato University School of Veterinary
Medicine (Towada, Aomori, Japan), and the study
was conducted according to the protocols approved by
the Institutional Care and Use Committee of Kitasato
University (Approval number: 17-123). The isolated
culture strains were E. polecki ST-1 (TDP-5), E. polecki
ST-3 (TDP-1; synonym: Entamoeba struthionis), E.
suis (TDP-3), and Endolimax sp. (TDP-2). E. polecki
ST-2 (SZM-1; synonym: Entamoeba chattoni) isolated
from the stool of a wild monkey (Macaca fuscata
fuscata) in Shizuoka, Japan, was used as a reference
strain of E. polecki species that is not indigenous to
swine.

2.2. Robinson's medium and supplements

Robinson's, R (defined medium for Escherichia coli)
and BR (R medium precultured with E. coli) media
were prepared as described by Robinson (9). The
sulfate-reducing bacterium Desulfovibrio desulfuricans
subsp. desulfuricans (NBRC 13699; NITE Biological
Resource Center, Japan) and E. coli (type B: DH5a)
(Ec) were individually cultured in a modified medium
(M-ATCC 207) designed based on ATCC 210-modified
Starkey's medium C (ATCC 207 (2016); American
Type Culture Collection, USA) (/0) and R medium
by Robinson, respectively (9). The modified medium
was prepared as follows. The following components
were dissolved in 900 mL ultrapure water and brought
to a final volume of 1 L: 5 g NaCl, 2 g citric acid
monohydrate, 0.5 g KH,PO,, 0.1 g (NH,),SO,, 50
mg MgSO0, 7H,0, 1 g Na,SO,, 0.1 g CaCl,, 50 mg
ferrous ammonium sulfate, 4 mL lactic acid, 75 mg
L-cysteine hydrochloride, 1 g yeast extract, and 1 mg

bromothymol blue. The pH was adjusted to 7.5 using
approximately 7.5 mL of 10 N NaOH. After filter-
sterilizing the medium, 20-mL aliquots were added
to 50-mL culture flasks. D. desulfuricans (Dd) and
Ec grown in this medium in anaerobic and aerobic
conditions, respectively, were mixed at equal volumes
in a baffled polycarbonate Erlenmeyer culture flask
(Falcon; BD Biosciences, Durham, NC, USA) and
cultured at 35.5°C for 2 days. The flask lid was closed
and the flask was incubated at 24-27°C, and used within
2 weeks. A suspension containing Dd co-cultured with
Ec (Dd/Ec) (H,S: approximately 1,500 pmoles/L) was
added just before the subculture of the amoebic isolates,
as a supplement. Anaeropack-Anaero (Mitsubishi Gas
Chemical Co., Inc., Chiyoda-ku, Tokyo, Japan) was
used to absorb oxygen in the closed vessel. Glass vials
(SV-8, 8 ml (exact capacity: 9.5 mL); Nichiden-Rika
Glass Co., Ltd., Kobe, Hyogo, Japan) with screw caps,
silicon packing, and sloped saline agar (4 mL) were
used to cultivate the amoebic isolates.

The FeS-rich compound was obtained from the
cultured medium of Dd/Ec by centrifugation (275 x g,
5 min). The precipitate was sterilized with 5 mL of 2N
NaOH for over 24 hours. The precipitate was washed
with 8 mL of Hanks' balanced salt solution (HBSS),
pH7.4, with 0.002% phenol red, by centrifugation
(275 x g, 5 min) for 3 times, and finally adjusted to
approximately 0.5% (vol/vol) suspension with HBSS.

2.3. Culture of amoebic isolates

After establishing the amoeba strains, Dd/Ec (100 pL)
was added to 1.5 mL of fresh Robinson's medium,
and inoculated with amoeba suspension (1 mL), for
subculture. Then, 1 mL of amoeba suspension was
aspirated after mixing well and was added back to the
first culture medium (final air space: ~37.2%).

The H,S detectable SIM medium (Nissui
Pharmaceutical Co., LTD, Taito-ku, Tokyo, Japan) was
used to determine the viability of Dd in Dd/Ec under
aerobic culture conditions.

The concentration of H,S produced by Dd was
assayed quantitatively using a HSip-1 kit (Dojindo
Molecular Technologies, Inc., Rockville, MD, USA)
and a multimode microplate reader (Cytation 5, BioTek;
BioTek Japan, Taito-ku, Tokyo, Japan).

Partially purified FeS-rich compounds derived
from Dd/Ec were also supplemented, instead of Dd/Ec,
under the existence of sufficient H,S produced by Dd
which was spontaneously proliferated and subcultured
along with amoeba. The concentration of the FeS-
rich compounds in the medium as a supplement was
determined by referring to a study on the toxic effects
in axenic culture of Entamoeba dispar (AS16IR) (11).
This study was chosen as the growth of AS 16 IR is
more easily affected by toxic substances than that of
other axenic amoebic culture strains.
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2.4. Trichrome staining

Trichrome staining was carried out according to the
protocol described by Wheatley (/2). However, a basic
solution of Kohn's stain was used as a fixative instead of
Shaudin's fixative, which contains mercuric chloride (/3).

2.5. DNA isolation and amplification by polymerase
chain reaction (PCR)

DNA was isolated from approximately 1 x 10°
- 2 x 10° amoeba cells suspended in 100 pL of 10
mM phosphate-buffered saline (pH 7.4) using a
Cica Geneus total DNA prep kit for tissue (Kanto
Chemical Co., Chuo-ku, Tokyo, Japan). DNA samples
from the isolates of E. polecki, E. suis, and the
Endolimax species were used as templates for the PCR
amplification of 18S ribosomal RNA (rRNA) genes.
Three primer sets each for E. polecki ST-1 and ST-3
(Ent-1F and Esuis-1R, Epol-2F and Epol-2R, and Epol-
3F and Ent-3R), E. polecki ST-2 (Ent-1F and Echat-2R,
Echat-1F and Epol-2R, and Epol-3F and Ent-3R), and
E. suis (Ent-1F and Esuis-1R, Esuis-2F and Esuis-2R,
and Esuis-3F and Ent-3R), as well as a separate primer
set (Ent-1F and Ent-3R) for the Endolimax species,
were used (Table 1). Amplification was performed in a
20-pL reaction volume containing 2 pL of 10x Ex Taq
buffer, 4 uL of 2.5 mM of each dNTP, 2 pL of each
primer (10 uM; Table 1), 0.2 pL of 5 U/uL Ex Taq
(Takara Bio, Inc., Kusatsu, Shiga, Japan), and 9.8 pL of
H,O. The following cycle parameters were used: initial
denaturation at 94°C for 5 min; 35 cycles of 94°C for
30 s, 58°C for 30 s, and 72°C for 1 min; and a final
extension at 72°C for 5 min. The PCR products of the

Table 1. Oligonucleotide primers used for PCR

suspected Endolimax species were used to obtain clones
of the Endolimax 18S rRNA gene using a Qiagen PCR
cloning kit (Qiagen, Com., Venlo, Netherlands).

2.6. Sequencing and phylogenetic analysis

The PCR products were directly sequenced using an ABI
Prism BigDye Terminator v3.1 cycle sequencing ready
reaction kit and an ABI Prism 3500 genetic analyzer
(Applied Biosystems Japan, Ltd., Chuo-ku, Tokyo,
Japan). Multiple alignment and phylogenetic analysis
of the 18S rRNA gene sequences of the Entamoeba and
Endolimax species were performed using ClustalW and
the maximum-likelihood (ML) method using the MEGA
version 6 software, respectively (/4,15). The ML tree
was derived using the Tamura-Nei model employing
estimates of the proportion of invariable sites and the
gamma distribution with five rate categories. Statistical
significance was evaluated by bootstrapping with 1,000
replicates. The ML tree data files were visualized using
MEGA version 6.

2.7. Measurement of the individual cysts and
trophozoites of each species of amoebic isolate

The long and short diameters (1.d. and s.d.) of the
individual cysts in fresh stool suspensions in deionized
water and those of trophozoites isolated using the
culture system were measured on a screen display using
a microscope digital camera and the measuring tool of
imaging software (cellSens, ver. 1.7.1; Olympus Co.,
Shinjuku-ku, Tokyo, Japan). The mean values were
calculated from measurements of 50 trophozoites and
cysts of each amoebic isolate.

Species Primers Primer sequence (5'-3") Positions Accession no.
Entamoeba polecki Ent-1F Forward GTTGATCCTGCCAGTATTATATG 7-29 AF149913
ST-1 and ST-3 Esuis-1R Reverse AAAGATGATCATGGATTTTCACCT 864 — 887 DQ286372
Epol-2F Forward CTAATATAAAAAAAGGAGAAAGG 652 - 674 AF149913
Epol-2R Reverse AGATAAAGTCTCGTTCGTTATCGGA 1287 — 1311 AF149913
Epol-3F Forward AGGATTGACAGATTAATAGTTTTTTCA 1199 — 1225 AF149913
Ent-3R Reverse ATCCTTCCGCAGGTTCACCTA 1950 — 1970 DQ286372
Entamoeba polecki Ent-1F Forward GTTGATCCTGCCAGTATTATATG 7-29 AF149913
ST-2 (Entamoeba Echat-2R Reverse TAAATAACCTTTCTCCTTTTTCTATC 660 — 635 AF149912
chattoni) Echat-1F Forward AGGATTTGTTTTATAACAAGTTC 471 —493 AF149912
Epol-2R Reverse AGATAAAGTCTCGTTCGTTATCGGA 1287 - 1311 AF149913
Epol-3F Forward AGGATTGACAGATTAATAGTTTTTTCA 1203 — 1229 AF149912
Ent-3R Reverse ATCCTTCCGCAGGTTCACCTA 1950 — 1970 DQ286372
Entamoeba suis Ent-1F Forward GTTGATCCTGCCAGTATTATATG 7-29 AF149913
Esuis-1R Reverse AAAGATGATCATGGATTTTCACCT 864 — 887 DQ286372
Esuis-2F Forward ACTCTTTTAAAGCCGTAAGGT 448 — 468 DQ286372
Esuis-2R Reverse ACTACATGAATATCTTTTAGGT 1379 — 1400 DQ286372
Esuis-3F Forward ATTCCGGTAACGAACGAGACTTA 1336 — 1358 DQ286372
Ent-3R Reverse ATCCTTCCGCAGGTTCACCTA 1950 — 1970 DQ286372
Endolimax sp. Ent-1F Forward GTTGATCCTGCCAGTATTATATG 7-29 AF149913
Ent-3R Reverse ATCCTTCCGCAGGTTCACCTA 1950 — 1970 DQ286372
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2.8. Correlation between the amount of air space and
growth of E. polecki ST-1 (TDP-5)

The growth-promoting effects of Dd/Ec and FeS
compounds were determined by assaying the growth
kinetics of the amoebic isolates, which was done by
estimating the number of amoebae in cultures using a
Fuchs-Rosenthal counting chamber every 24 h.

2.9. Effect of iron-sulfide compounds on the growth of E.
polecki ST-1 (TDP-5)

Prior to this experiment, the amoebae were washed
with HBSS by centrifugation (275 X g, 5 min) twice
for removing H,S from the culture medium. Thereafter,
the growth kinetics of the washed amoebae in different
culture conditions — without Dd/Ec, with Dd/Ec (100
pL), with ferric ammonium citrate (Fe) (1 mg/mL, 100

100 |

pL) — were observed.
3. Results

3.1. Molecular identification and measurement of the
cultured isolates

The 18S rRNA gene sequences of E. polecki ST-1
(TDP-5; LC230016), E. polecki ST-3 (TDP-1;
LC230018), and E. suis (TDP-4; LC230019) were
consistent with all the previous reports on these
subtypes and species (/6-18). Phylogenetic analysis
results pertaining to the 18S rRNA gene sequences of
the three isolates of E. polecki (ST-1, ST-2, and ST-3)
and E. suis are shown in Figure 1. The macaque isolate
was identified as E. polecki ST-2 (SZM-1; LC230017).
However, 0.5% of its sequence was different from
the previously reported sequence of E. polecki ST-2

0 E. histolytica HM-1 (X65163)

| E. nuttalli JSK2004 (AB426549)
99

T L E dispar SAW1734RCIAR (AB282661)
100

n| |

E. ecuadoriensis EC (DQ286373)

T — E. moshkovskii Laredo (AF149906)
57

E. equi Aberystwyth (DQ286371)

97
M E. terrapinae M (AF149910)

9| b E hartmanni (AF149907)

— E. invadens 1P-1 (AF149905)

100

100 ‘

100 £ coli (FR686364)

0.05 100 | £ ¢oli HU-1:CDC (AF149915)

0o L E. ranarum NIH:1092:1 (AF149908)

E. gingivalis ATCC30927 (D28490)
100 [E. suis TDP-3 in this study
100 1 £ suis (DQ286372)
100 | E. polecki NIH:1293:1 (AF149913)
6Oﬁ E. polecki TDP-5 in this study (LC230016)
E. struthionis (syn. E. polecki) (AJ566411)
100 {E. polecki (FR686357)
100 ‘E. polecki (FR686393)
E. chattoni (E. polecki) (AF149912)
85| E. polecki SZM-1 in this study (LC230017)
94] E. polecki SZM-2 in this study
E. muris MG-EM-01 (AB445018)
100 1 E. coli TH:96/135 (AF149914)

LE. coli UZG-EC-01 (AB444953)

ST-1
ST-3

ST-4

ST-2

Figure 1. Phylogenetic analysis of 18S rRNA gene sequences of the three isolates of Entamoeba polecki (ST-1, ST-2, and ST-
3) and Entamoeba suis. Maximum-likelihood (ML) tree derived using a Tamura-Nei model with a proportion of invariable sites and
gamma distribution of 0.309 and 0.428, respectively. Significant bootstrap support (> 500) from 1,000 replicates is indicated on the
left of the supported nodes. The scale bar represents the evolutionary distance for the number of changes per site. Numbers within

parentheses represent the GenBank accession numbers.
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Cysts

Trophozoites
C D

Figure 2. Light microscopy images of fresh and trichrome-stained cysts and cultured trophozoites of E. polecki subtypes (ST)
1, 2, and 3; E. suis; and the Endolimax species isolated from swine and a macaque. Row 1: E. polecki ST-1 (TDP-5); row 2: E.
polecki ST-2 (SZM-1); row 3: E. polecki ST-3 (TDP-1); row 4: E. suis (TDP-4); row 5: Endolimax species (TDP-2). Columns A and
Al: fresh cysts in stool samples; column A2: fresh cysts stained with iodine-potassium iodide solution in stool samples; column B:
cysts stained with trichrome dye; column C: live trophozoites in the culture medium; column D: trophozoites in the culture medium
stained with trichrome dye. Scale bar = 10 um. N, nucleus; CB, chromatoid body; FF, fungal filament; G, granule.

(AF149912) (16). Trophozoites of E. polecki ST-1
(TDP-5) with a mean length (1.d x s.d.) of 18.30 + 3.30
% 12.85 + 2.63 pm (Figure 2 [1C and 1D]) were isolated
from small-sized uninucleate cysts with a mean length
(1.d x s.d.) of 10.94 + 1.09 x 10.38 + 1.75 um (Figure
2 [1A and 1B]). The latter possessed typical small rod-
like chromatoid bodies of E. polecki. Large trophozoites
of E. polecki ST-3 (TDP-1) with a mean length (1.d x
s.d.) of 28.65 = 6.16 x 19.56 £ 4.01 um (Figure 2 [3C
and 3D]) were isolated from uninucleate cysts with
a mean length (1.d x s.d.) of 15.43 £ 2.20 x 14.14 +
1.28 pm (Figure 2 [3A and 3B]) observed among the
amoebic species. Trophozoites with a mean length of
(Ld x s.d.) 23.87 £ 5.25 x 14.67 £ 3.65 pm (Figure 2 [2C
and 2D]) of E. polecki ST-2 (SZM-1) were also isolated
from the corresponding cysts with a mean length (1.d x
s.d.) of 12.98 £ 1.75 x 12.39 + 0.99 (Figure 2 [2A and
2B]). Intermediate-sized and slender trophozoites with
a mean length (1.d x s.d.) 0f 20.58 £3.19 x 7.49 + 1.04

pm (Figure 2 [4C and 4D]), which were genetically
identified as E. suis (TDP-4) (2), were isolated from
the corresponding cysts which were highly transparent,
such that fungal filaments could be observed clearly
through the cysts covering them, with mean length (1.d
xs.d.) 16.13 £ 1.51 x 15.38 & 1.34 um (Figure 2 [4A]).
The characteristics of the cysts were consistent with
those of E. suis cysts described in the first report on this
species by Clark et al (2).

Phylogenetic analysis of the five clones of the
Endolimax species (Figure 3) showed some divergence
in the 18S rRNA gene sequences (0.99-1.74%). The
cause for this divergence is not clear. The 18S rRNA
gene sequences of the five clones of Endolimax species
(TDP-2; LC230011-LC230015) showed 85.3-85.8%
homology with the sequence of Endolimax nana
NIH:0591:1 (AF149916) registered in the GenBank
database (/8). The significant divergence between these
clones and E. nana indicated that the Endolimax species
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Figure 3. Phylogenetic analysis of 18S rRNA gene sequences of five clones of the new Endolimax species obtained by plasmid
cloning. Maximum-likelihood (ML) tree derived using a Tamura-Nei model with a proportion of invariable sites and gamma
distribution of 0.175 and 0.534, respectively. Significant bootstrap support (> 500) from 1,000 replicates is indicated on the left of the
supported nodes. The scale bar represents the evolutionary distance based on the number of changes per site. Numbers in parentheses

represent the GenBank accession numbers.

isolated in this study were not E. nana.

Very small trophozoites of the Endolimax species
(TDP-2) with mean length (I.d % s.d.) 8.80 + 0.97 x 8.15
+ 1.20 um (Figure 2 [5C and 5D]) were also isolated
from very small cysts with mean length (1.d x s.d.) 8.36
+1.25x7.41 £ 1.26 um (Figure 2 [5A1, 5A2, and B]).

3.2. Correlation between the amount of air space with
the growth of E. polecki ST-1 (TDP-5)

H,S concentrations in the seven conditions examined
are shown in Figure 4. The concentration of H,S in the
medium was ~800 pmoles/L, ~ 250-400 p moles/L, and
~ 20-30 p moles/L when the air space was < ~ 5%, ~
30-40%, and in an anaerobic vessel, respectively. The
amoebae, when supplemented with Dd/Ec (100 pL),
thrived in culture bottles with an air space of 30-40%
(acrobic), but did not grow at all when the air space
was < 5% (microaerobic) or in anaerobic vessels (data
not shown). The growth kinetics of the amoebae when
supplemented with Dd/Ec (100 pL), FeS (100 pL), and
Fe (50 pL) maintained in culture bottles with 30-40%
air space are shown in Figure 5. The growth kinetics
of the amoebae were affected by the amount of H,S
dissolved in the medium. The suitable concentration of
H,S for their growth seemed to be around ~ 250-400 p
moles/L with an appropriate amount of FeS compounds.
When growth occurred in medium supplemented
only with Fe, it is thought that some FeS compound
was produced by reacting Fe with H,S derived from
spontaneously subcultured Dd (Dd was confirmed by
H,S-detectable SIM medium).

3.3. Effect of iron-sulfide compounds on the growth of E.
polecki ST-1 (TDP-5)

As shown in Figure 6, the group without Dd/Ec (100 pL)
did not proliferate, but the growth of Dd/Ec (100 puL) and
Fe-supplemented groups drastically recovered after 3
days of culture. The results showed that amoebae could
not proliferate in either H,S- or FeS compound- depleted
conditions. Surviving Dd in both culture media after 3
days from the group without Dd/Ec (100 pL) and the Fe-
supplemented group was confirmed by SIM medium,
whereas amoeba was recovered only in the group
supplemented with Fe.

4. Discussion

We previously found that an appropriate volume
(approximately 400 pL) of Dd/Ec culture suspension
in BR or in complete Robinson's medium induced
excystation of trophozoites from swine amoeba cysts
used in this study, even after the cysts were washed with
distilled water by centrifugation (275 X g for 3 min)
twice (data not shown).

Based on these results, a culture system
supplemented with Dd/Ec was established which
enabled the first-time continuous culture of four
parasitic amoebic species (E. polecki ST-1 and ST-3, E.
suis, and an Endolimax species) from swine, and could
be subcultured for over two years.

In this culture system, it was hypothesized that Dd
itself, H,S derived from Dd, and some FeS compounds
produced by reaction with exogenous iron might
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Figure 4. The concentration of H,S in the media correlates
with the seven different conditions. The concentrations
of H,S dissolved in the media were tested under various
conditions as follows: A) Modified ATCC 207 medium cultured
with Desulfovibrio desulfuricans co-cultured with Escherichia
coli (Dd/Ec) [air space: 40% (AS 40%)] 7 days after cultivation
at 25°C; B) Robinson's medium (Rm) (AS 40%); C) Rm
+ Dd/Ec (100 pL: added once without adding Dd/Ec anew
during the next three subcultures) (AS 40%); D) Rm + Dd/
Ec (100 pL: added at each time of subculture) (AS 40%); E)
The same as B) except for AS, which was < 5%; F), G) and H)
were the same conditions as B), C), and D), respectively, but
cultured in anaerobic vessels. B) — H) were cultured at 35.5
°C. Data are presented as the mean and standard deviations
of two measurements from each culture. Comparisons
between two groups (B and C, C and D, and D and E) was
made by performing a two-sided Wilcoxon's signed rank test
based on the summed data of two experiments to confirm
reproducibility. The differences in the medium concentrations
of H,S between B and C (P = 0.028) and D and E (P = 0.029)
were confirmed as statistically significant.

== A:Rm +Dd/Ec 100 pL
=8~ B:Rm+Fe50puL
C:Rm +FeS 100 puL.

No. of trophozoites X 105/ mL

Days

Figure 5. Growth Kinetics of Entamoeba polecki ST-1 (TDP-
5) supplemented with Desulfovibrio desulfuricans co-
cultured with Escherichia coli (Dd/Ec), Fe, and partially
purified FeS compounds. The number of trophozoites was
counted daily for 4 days after inoculation and after subculturing
seven times in the same manner at 35.5°C (AS 40%). Data
are presented as the mean and standard deviations of four
measurements for each culture. A) Rm + Dd/Ec (100 pL);
B) Rm + ferric ammonium citrate (Img/mL: 50 pL) (Fe); C)
Rm + partially purified FeS (0.5% vol/vol, 100 pL). *A) — C)
were cultured with AS 40% at 35.5°C. Post hoc comparisons
of the number of trophozoites among those three different
culture conditions were made by performing a Turkey's
test (significance level, 5%). The differences in the number
of trophozoites among A, B, and C on days 2 and 3 after
inoculation were confirmed to be statistically significant.

== A:Rm
4 =@~ B:Rm-+Dd/Ec 100 pL
C:Rm +Fe 100 pL.

No. of trophozoites X 10¢/ mL
[ ]

Days

Figure 6. Growth-promoting effect of Desulfovibrio
desulfuricans co-cultured with Escherichia coli (Dd/
Ec) and iron on E. polecki ST-1 (TDP-5). The number of
trophozoites was counted daily for 4 days after inoculation.
Data are presented as the mean and standard deviations of four
measurements of each culture. A) Rm; B) Rm + Dd/Ec (100
puL); C) Rm + ferric ammonium citrate (1 mg/mL: 100 pL)
(Fe). *A) — C) were cultured with AS 40% at 35.5°C. Post
hoc comparisons of the number of trophozoites among those
three different culture conditions were made by performing a
Turkey's test (significance level, 5%). The differences in the
number of trophozoites between A and B and between A and
C, but not between B and C, 3 days after inoculation were
confirmed to be statistically significant.

function as important physiologically active compounds
such as components of electron carriers (e.g. FeS,
ferredoxin, etc.). These electron carriers participate in
anaerobic energy metabolism (/9-27) and are involved
in the growth of the amoeba species from swine
used in this study and a reference strain of E. polecki
from macaque. This theory is further supported by an
interesting report by Reeves ef al. (22) which stated
that ferredoxin isolated from Entamoeba histolytica
(pathogenic Entamoeba species) could be converted to
an apoprotein and be experimentally reconstituted with
iron and H,S.

The culture system with aerobic conditions (airspace
of 30-40%) provided a suitable condition for the
growth of the amoebic isolates. This might result from
1) lactic acid in R mdium; and H,, aerobic metabolic
products of Ec; and ionized H, produced from H,S in
the medium by reaction with sufficient oxygen from Dd
itself, were available as energy sources for the growth
of Dd and 2) large airspace and small liquid phase of
the medium can consume the excess H,S dissolved in
the medium. Dissolved H,S in the culture medium at
this concentration (~ 250-400 p moles/L) practically
eliminated the contamination by aerobic fungi and
bacteria that often inhibit the growth of amoebic isolates
(data not shown).

In these culture conditions, Dd could also be
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subcultured in the fresh medium along with the
amoebae. However, sometimes Dd/Ec culture
suspension, Fe or partially purified FeS compound from
the culture suspension had to be added to the medium
for successful subculture of the amoeba isolates, even
though the medium already had serum iron from the
Robinson's medium. D. desulfuricans is also known to
contain a ferredoxin including the cluster [4Fe-4S] (23).
Hence, bacterial cells might also represent a source of
FeS compounds.

Indeed, a previous case report indicated that the
trophozoites of E. polecki co-infected with Lawsonia
intracellularis which belongs to the same family as D.
desulfuricans, were observed in a lesion of ileitis caused
by L. intracellularis, an irregular parasitic location (3).

The 18S rRNA gene sequences of the five clones
of the Endolimax species obtained by plasmid cloning
were not identical, and the reason for this is unclear. El-
Sherry et al. (24) reported similar differences in the 18S
rRNA gene sequences of coccidian protozoan parasites,
resulting in multiple 18S rRNA gene sequences obtained
from two single oocyst-derived lines of Eimeria
meleagrimitis and Eimeria adenoids. Therefore, this
indicates that divergent and paralogous 18S rRNA gene
copies clearly exist within the nuclear genome of E.
meleagrimitis.

The growth-promoting mechanism of this culture
system could not be understood entirely. However, sulfur
and iron derived from the Dd/Ec cultured medium had
a critical and fast-acting effect on the proliferation of
the amoeba species. Therefore, if the growth-promoting
substance and its physiological activities could be
elucidated, it may be utilized for further research
on pathogenic mechanisms and the development of
therapeutic agents against pathogenic protozoan species
that possess an anaerobic energy metabolism involving
iron, sulfur, and FeS compounds. While considering the
difference between this limited in vitro culture condition
and an actual in-vivo state in the intestine, the culture
system could also be used to isolate other Entamoeba
species such as Entamoeba histolytica, Entamoeba coli,
and Entamoeba muris (25), among others.
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Summary

Transplantation with Wharton's jelly derived mesenchymal stem cells (WJ-MSCs) showed
great benefits for restoring myocardial function. However, the outcome of WJ-MSCs
transplantation was unsuccessful due to multiple factors including oxidative damage. The
presence of oxidative stress due to myocardium injury influences fibrous tissue formation,
which causes disability of cardiac muscle. Hepatocyte growth factor (HGF), insulin-like
growth factor (IGF1), and sonic hedgehog (SHH) are well-known master regulators in anti-
fibrosis when secreted by WJ-MSCs. They showed a beneficial role in the recovery of cardiac
fibrosis after WJ-MSCs transplantation. This study hypothesizes whether the reduction
of the anti-fibrosis property in WJ-MSCs from oxidative damage can be recovered by
overexpression of the HGF, IGF1, or SHH gene. Overexpression was attained by transfection
of WJ-MSCs with pCMV3-HGF, pCMV3-IGF1, or pCMV3-SHH followed by H,0, exposure
and co-culturing with cardiac fibroblasts. Myofibroblast specific markers comprised of
alpha-smooth muscle actin (a-SMA) and collagen type 1 (COL1) were evaluated. The WJ-
MSCs treated with H,0, influenced the expression of myofibroblastic markers, whereas
the overexpression of HGF, IGF1 or SHH reduced myofibroblastic formation. These results
indicate that the oxidative stress impaired anti-fibrotic property of WJ-MSCs, leads to an
increase of myofibroblasts. Overexpression of anti-fibrotic genes restored the endogenous
HGEF, IGF1, and SHH alleviating improvement of cardiac function.

Keywords: Mesenchymal stem cells, Wharton's jelly, oxidative stress, cardiac fibrosis, anti-
fibrosis

1. Introduction

Myocardium infarction (MI) has been reported as a
major health problem worldwide. The pathogenesis of
MI is from insufficient blood supply to myocardium,
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which leads to apoptosis, limiting proliferative
capability of cardiomyocytes and post-MI fibrosis
formation (/). Oxidative stress under hypoxic
conditions leads to accumulation of reactive oxygen
species (ROS), which impacts myocardium function.
ROS are toxic cellular radicals, affecting the
macrobiological molecules contributing to the induction
of cardiomyocyte apoptosis through apoptotic pathways
(2), mitochondrial damage (3) as well as inhibition of
cardioprotective functions (4).

Nowadays, transplantations are a convincing
strategy in myocardium infarction treatment especially
mesenchymal stem cells (MSCs) transplantation (J5).
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MSCs that are obtained from a perinatal source such as
Wharton' jelly derived mesenchymal stem cells (WJ-
MSCs) have been found to have superior biological
properties when compared to bone marrow derived
MSCs (BM-MSCs) due to high proliferation rates,
hypoimmunogenicity (6), lower potential of forming
teratomas (7), non-invasive techniques and avoidance
of ethical problems (8). Several clinical trial studies
showed promising results of treatment, which could be
due to the WIJ-MSCs properties; immunomodulatory
(9), transdifferentiation to cardiomyocytes (/0) and
releasing cardioprotective paracrines (//7) as well
as anti-cardiac fibrosis (/2). The cardiac fibrosis
was initiated during myocardium regeneration and
characterized by accumulation of myofibroblasts and
high amounts of extracellular matrix (ECM) proteins
deposition. These alterations are finally leading
to stiffening of the heart and cardiac dysfunction.
Unsuccessful findings were frequently found with
the poor survival rate and dysfunction of transplanted
WIJ-MSCs and the underlying cause has not been
elucidated. The outcome variances were suggested
to be from poor survival of transplanted WJ-MSCs
by oxidative stress-induced apoptosis (/3). Oxidative
stress was a factor reported as a dangerous insult to cell
recovery mechanisms underlying pathogenesis and has
a negative impact on survival of transplanted WJ-MSCs
(14) and fibrosis (15).

Activation of cardioprotective cytokines has been
shown during tissue regeneration to promote anti-
fibrosis via induction of metalloproteases (MMP)
to degrade ECM, inhibition of the transition from
interstitial fibroblasts to myofibroblasts and against
proliferation of collagen production of fibroblasts
(16). Hepatocyte growth factor (HGF) and insulin-
like growth factor (IGF1) have been reported as
beneficial agents to prevent apoptosis and fibrosis in
cardiovascular diseases (/7), liver diseases (/8) and
pulmonary diseases (/9). Sonic hedgehog (SHH) plays
a role in the development of the heart blood vessels
in the embryonic heart and adult heart (20) and has
potential in cardiac repair after myocardial ischemia
(21). Therapy of myocardial infarction with WJ-
MSCs showed reduction of fibrosis and promotion
of near-normalization of cardiac function (22). WJ-
MSCs released paracrine factors as the signaling
mediators of the anti-fibrotic agents. Hepatocyte
growth factor and insulin-like growth factor were
secreted by WJ-MSCs and have been reported to play
a beneficial role in healing of fibrosis (23). Sonic
hedgehog is a prototypical morphogen that is involved
in cardiovascular regeneration in vivo by inducing
the expression of angiogenic cytokines, including
vascular endothelial growth factor-1 (VEGF-1), and
angiopoietins-1 and -2 (Angl, Ang2) from interstitial
mesenchymal cells (24). Direct injection of SHH
has been shown to activate angiogenesis in a critical

hindlimb ischemia model (25). The delivery of those
genes or proteins reduced fibrosis in numerous in vivo
models (26,27).

Here, we investigated the expression level of three
candidate anti-fibrotic genes, HGF, IGF1, and SHH in
WJ-MSCs during H,0,-induced reactive oxygen species
(ROS), exposure. Then the genetically engineered WJ-
MSCs with each of the anti-fibrotic genes comprised
of HGF, IGF1, or SHH pretreated with H,0, were co-
cultured with rat cardiac fibroblasts. We observed the
effect of the paracrine fibrogenesis on rat fibroblasts and
evaluated for myofibroblastic formation. We used this as
a model to observe the effect of those paracrine factors
on fibrogenesis and improve their therapeutic effect
in vitro. The understanding of these alterations should
show great promise for the future use of WJ-MSCs cell
therapy in ischemic heart disease (IHD) patients.

2. Materials and Methods
2.1. Isolation and culture of WJ-MSCs

Umbilical cords were collected from mothers with
normal labor as previously described (28). All
participants have read and signed the informed consent,
which was approved by the Mahidol University
Institutional Review Board (protocol no. 147.1311).
To isolate Wharton's jelly MSCs (WJ-MSCs), the
umbilical cords were cleaned with 70% ethyl alcohol
and washed with 1X phosphate saline buffer (1X
PBS). The umbilical veins and arteries were removed
before collection of Wharton's jelly matrix. The tissues
were chopped and digested with collagenase type 11
(Worthington Biochemical Corp., Lakewood, NJ,
USA) and 0.25% trypsin- ethylenediaminetetraacetic
acid (EDTA). The cells suspension was harvested
and washed twice with PBS. Cells were suspended in
complete medium comprised of Dulbecco's Modified
Eagle Medium (DMEM) low glucose, 10% fetal bovine
serum (Merck KGaA, Darmstadt, Germany), 1%
Penicillin/Streptomycin, and 1% GlutaMAX (Gibco,
Scientific, Inc., Waltham, MA, USA). The isolated cells
were plated on tissue culture dishes and cultured in a
37°C, 5% CO, incubator with 95% humidified air for 24
hours. The supernatant was removed and fresh medium
was changed twice a week.

2.2. Cell and culture of rat cardiac fibroblasts

Rat cardiac fibroblasts (CF) (n = 5) were kindly provided
by Dr. Tuempong Wongtawan (Department of Preclinic
and Applied Animal Science, Faculty of Veterinary
Science, Mahidol University, Thailand). Cells were
cultured in DMEM high glucose medium supplemented
with 10% fetal bovine serum under humidified air with
5% CO, in a 37°C incubator. The medium was changed
twice a week. Cells were expanded by trypsinization,
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when cell confluence reached 80%. Confluent cells
were washed twice with 1X PBS and incubated with
0.25% trypsin-EDTA at 37°C for 5 minutes. Afterward,
cell suspension was harvested by centrifugation at
1,500 rpm, 25°C for 5 minutes, and re-suspended with
appropriate concentrations in culture medium.

2.3. WJ-MSCs characterization

WIJ-MSCs in all experiments were performed as
previously described (28). WJ-MSCs were characterized
according to the minimal criteria for defining MSCs,
stated by the International Society for Cellular Therapy
(29). MSCs immunophenotype and mesodermal
differentiation potential were performed. Briefly, cell
surface markers expression of MSCs were evaluated
from WJ-MSCs passage 3-5". Cells were collected
and incubated with antibodies specific for CD105,
CD73, CD90, CD34 and CD45 (BD Pharmingen",
San Jose, CA, USA) followed by examination with a
BD FACSCantoTM II Flow Cytometer and analysis by
FACSDIVA Software version 6.1.3 (BD Biosciences,
San Jose, CA, USA).

For mesodermal differentiation properties of MSCs,
WI-MSCs were cultured with osteogenic and adipogenic
differentiation medium (Stem Cell Technologies,
Vancouver, Canada) as previously described (28). WJ-
MSCs were cultured with differentiation medium for 35
days. The differentiated cells were stained with Alizarin
Red S and Oil Red O to evaluate for mineralized
calcium deposition and fat deposition, respectively.
The cytochemically stained cells were observed using a
microscope and photographed.

2.4. Cell viability assay

MTT assay was employed to determine percent cell
viability of WJ-MSCs during H,O, treatment. WJ-
MSCs were cultured with 1x10° seeding density for
each well of a 96-well plate for 24 hours, followed by
culture with growth medium containing 200, 500 and
1,000 uM H,0,. Cell viability of treated and control
cells were analyzed as described. First, samples
were washed with the DMEM twice. 50 uL of MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) reagent (I mg/mL) was added to the sample
and incubated at 370 C, in a 5% CO, incubator for 4
hours. Then, the supernatant was removed, 100 pL of
dimethyl sulfoxide was added, and the plate was shaken
for 15 min to completely dissolve the formazan crystals
before measuring the absorbance at 570 nm. Cell
viability was calculated using the following formula.

% Cell viability =

Absorbance of sample-Absorbance of blank) % 100
Absorbance of control-Absorbance of blank

2.5. Quantitative reverse transcriptase-polymerase
chain reaction (qRT-PCR)

The experimental samples from WJ-MSCs and
CF were collected in TRIzol" reagent (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA)
and RNA isolation was performed using Direct-zol
columns (Zymo Research, Irvine, CA, USA). The
concentration of RNA was determined with a Nanodrop
2000 spectrophotometer (Thermo Fisher Scientific,
Inc.). Next, First-strand cDNA was synthesized
with the isolated RNA (1 pg/sample) using a cDNA
Synthesis Kit, (Biotechrabbit, Berlin Germany).
The expression of anti-fibrotic and myofibroblastic
genes were investigated by qPCR using KAPA
SYBR® Fast qPCR Kit (KAPABIOSYSTEMS,
Massachusetts USA). The quantitative PCR was run
with a CFX96 (Bio-Rad Laboratories, Inc.). The
conditions of qPCR were set as follows: denaturation;
95°C for 3 minutes; followed by 40 cycles of 95°C
for 3 seconds, annealing; 60°C for 30 seconds
and elongation; 72°C for 45 seconds. The primer
sequences were designed as follows: HGF forward,
5'-GGGCTGAAAAGATTGGATCA-3' and reverse,
S“TAATTTTGTGTATCCATTTTGCAT-3'; SHH
forward, 5'-GTAAGGACAAGTTGAACGCTTTG-3',
and reverse, 5'-ATATGTGCCTTGGACTCGTAGTA

-3'; and GAPDH forward, 5'-CAACTACATGGTTTAC
ATGTTCCAA-3' and reverse, 5'-CAGCCTTCTCCAT
GGTGGT-3"The primers for CF were as follows: rCOL1
forward, 5'-AGGCATAAAGGGTCATCGTG-3" and
reverse, 5'-ACCGTTGAGTCCATCTTTGC-3"; rSMA
forward, 5'-ACTGGGACGACATGGAAAAG-3', and
reverse, 5'-TACATGGCAGGGACATTGAA-3"; rtGA

PDH forward, 5'-AGCTCATTTCCTGGTATGACAA
-3' and reverse, 5'-GGTATTCGAGAGAAGGGAGGG
-3'. The expression of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) were also quantified and
applied as internal control in parallel with the target
genes. The expression level of each gene was calculated
by the AACt method and presented in fold changes
using Bio-Rad CFX Manager version 3.1 (Bio-Rad
Laboratories, Inc.) (30).

2.6. Immunofluorescence staining

Cells were seeded and cultured on coverslips. The
coverslips of cells were washed with 1X PBS followed
by fixation with 4% paraformaldehyde for 20 minutes
and washing with 1X PBS. Permeabilization was
carried out using 0.3% Triton™ X-100 (Merck KGaA)
for 5 minutes and non-specific reaction blocking was
performed with 3% bovine serum albumin (BSA)
(Invitrogen; Thermo Fisher Scientific, Inc.) in PBS
for 1 hour. Samples were incubated with anti-HGF
(Santa Cruz, CA USA), anti-IGF1 (Abcam, NY USA)
and anti-SHH (Abcam, NY USA) at 4°C overnight.
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Samples were then washed twice with PBS to remove
the excess primary antibodies, followed by incubation
with Alexa flour 488 conjugated secondary antibody at
room temperature for 1 hour. Cells were washed with
PBS and mounted with Antifade Mounting with DAPI
solution (Invitrogen; Thermo Fisher Scientific, Inc.,).
The observation was performed using a confocal laser
scanning microscope, the fluorescent micrographs
were captured and analyzed with FluoView FV1000
Software version 3.01 (Olympus Corp., Tokyo, Japan).

2.7. Western blot analysis

HGF, IGF1, and SHH were quantified by collection
of the condition medium and centrifugation at 1,500
rpm for 5 minutes to discard cell residue (3/). Protein
concentration was determined by using Bradford
assay (Bio-Rad, CA, USA). The samples were mixed
with dye and boiled for 5 minutes to denature the
proteins. Samples were loaded in 10% SDS-PAGE
and transferred to nitrocellulose membrane (Bio-
Rad, CA, USA). Blocking of non-specific antibody
binding was performed by incubating with 5% non-
fat dried milk in TBST buffer (0.1 M Tris-HCI and
0.1% Tween-20, pH = 7.5) for 1 hour. Membranes were
submerged with each antibody as follows; rabbit anti-
human HGF polyclonal (Santa Cruz, CA, USA), mouse
anti-SHH monoclonal (Abcam, NY, USA) and mouse
anti IGF1 monoclonal (Abcam, NY USA). Next, the
membranes were incubated with secondary antibody
conjugated with horseradish peroxidase (Cell Signaling
Technology, MA, USA). The signal of labelled proteins
was done using the ECL™ prime Western blotting
detection reagent (Amersham, UK). Images were
scanned with the ChemiDoc™ MP Imaging System
(Bio-Rad, UK).

2.8. Transfection

All plasmids, including pCMV3-HGF, pCMV3-1GF1
and pCMV3-SHH were purchased from Sino Biological
Inc., China. The plasmids were transformed into
Top10 competent E. coli and plated on LB agar plates
supplemented with ampicillin. The bacterial colonies
were picked and plated into LB medium supplemented
with ampicillin. The bacteria were inoculated in
shaking culture at 37°C for 18 hours. Plasmid DNA
was extracted with a FavorPrep™ Plasmid DNA
extraction mini kit (Favogen Biotech Corp, Taiwan).
PCR and restriction enzyme digestion (Xbal and Kpnl)
were applied to confirm the correct clone from each
plasmid. The correct clones were propagated to obtain
a large volume. The desired plasmids were extracted
by Geneaid™ Midi Plasmid kit (Geneaid, NY USA)
for transfection into WJ-MSCs. WJ-MSCs were
cultured in 100-mm dishes at a density of 2 x 10° cells.
Next, cells were transfected with 24 ng of plasmid

using Lipofectaminne™ 2000 (Invitrogen, CA USA)
according to the manufacturer's protocol (32). Briefly,
24 ng of plasmid were mixed with Opti-MEM to a final
volume of 900 ul and incubated for 5 minutes at room
temperature. The mixture of diluted plasmids and the
Lipofectamine™ 2000 in Opti-MEM was prepared
and incubated for 20 minutes at room temperature to
generate the DNA-Lipofectamine 2000 complexes. This
mixture was applied to cell culture plates and filled
with medium without antibiotic.

2.9. Amplification of plasmid by polymerase chain
reaction (PCR)

The DNA template for the pCMV3-HGF, pCMV3-
IGF1 and pCMV3-SHH containing CDS of interest,
was amplified using PCR. The primers of pCMV3
(forward, 5'-CAGGTGTCCACTCCCAGGTCCAAG-3'
and reverse, 5'-GGCAACTAGAAGGCACAGTC
GAGG-3"); were performed for PCR reaction using
[-Taq plus DNA polymerase (iNtRON Biotechnology,
Inc., Korea) according to manufacturer's instructions
as described. The PCR reaction was performed using
the following cycling protocol: initial activation
step at 94°C for 2 minutes, followed by 30 cycles of
denaturation at 94°C for 20 seconds, annealing at 62°C
for 10 seconds, extension at 72°C for 1.30 minutes and
final extension at 72°C for 7 minutes.

2.10. Statistical analysis

All data of the study were collected from 6 donors, the
experiments were performed independently and at least
three samples were applied for each experiment. The
data is presented as mean + standard error of the mean.
To test statistical difference of mean, Mann-Whitney
U test was applied and P < 0.05 was considered
significant difference. Statistical tests were done using
PASW software version 18 (IBM Corp., Armonk, NY,
USA).

3. Results
3.1. WJ-MSC characterization

WIJ-MSCs over the first 5-6 days of culture displayed
fibroblast-like morphology (Figure 1A). The
specific MSC markers (CD90, CD73 and CD105)
and hematopoietic cells markers (CD34 and CD45)
were analyzed with flow cytometry (Figure 1B).
The positive expressions were present on WJ-MSCs;
CD90, CD73, CD105. WJ-MSCs were mostly
negative for HSC markers; CD34, CD45. To explore
the differentiation potential towards osteoblasts and
adipocytes, WJ-MSCs were cultured with osteogenic
and adipogenic differentiation medium followed by
cytochemical staining with Alizarin Red S and Oil Red
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Figure 1. The characterization of WJ-MSCs. (A) The spindle-shaped morphology of WJ-MSCs was observed. (B) Flow
cytometric analysis of WJ-MSCs are more than 90% positive for MSC markers, CD105, CD90, CD73 and less than 2% positive
for hematopoietic markers, CD34, CD45. For the multilineage differentiation study, WJ-MSCs were cultured with osteogenic and
adipogenic differentiation medium followed by cytochemical staining, (C) Alizarin red S and (D) Oil red O, respectively. WJ-MSCs

exhibited positive staining under both conditions.

O, respectively. The differentiated cells were positive
for both cytochemical stains which indicated cell
differentiation toward osteoblast-like (Figure 1C) and
adipocyte-like cells (Figure 1D).

3.2. Cell viability assay

The effect of H,O, on the viability of WJ-MSCs
was investigated. Cells were treated with various
concentration of H,0O, for 24 and 48 hours before
assessing cell viability using MTT assay. The viability
of WJ-MSCs after H,O, treatment was expressed as
a percentage relative to control (Figure 2A). Results
showed that the viability of WJ-MSCs was decreased
in a dose- and time-dependent manner after H,O,
treatment. At 1,000 uM of H,0, treatment, the viability
of WJ-MSCs was significantly decreased compared
with control. Microscopic examination of the cells after
H,0, treatment for 7 days showed low cell density in
1,000 uM H,O0, treatment compared with control (Figure
2B).

3.3. Anti-fibrotic gene and protein expression in WJ-
MSCs under ROS condition

To determine the expression level of HGF, IGF1,
and SHH in WJ-MSCs, real-time PCR and
immunofluorescence staining were performed. WJ-

A 120
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§ —~24h
¢ 4 =48 h
20
0
Control 200 500 1,000
H,0; (MM)
B
control 200 uM 500 uM 1000 uM

Figure 2. The viability of WJ-MSCs after H202 treatment.
(A) WJ-MSCs were treated with H,0, at 200, 500 and 1,000
uM for 24 and 48 hours. The viability of the cells was assessed
by MTT assay and presented as a mean percentage relative to
the control + SEM of six separate experiments. The viability
of WJ-MSCs was reduced by H,O, treatment in a dose- and
time-dependent manner. *p < 0.05 vs. control group. (B)
Microscopic examination of WJ-MSCs after H,O, treatment
for 7 days revealed a low cellular density in H,O, treated cells
compared with control group. Scale bar, 200 pm.

MSCs were treated with 200, 500, and 1,000 uM H,0,
for 24 hours before harvesting mRNA or staining with
anti-fibrotic markers. In comparison with control group,
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the expression levels of HGF, IGF1, and SHH were
significantly reduced after H,O, treatment in a dose-
dependent manner (Figure 3A). Immunofluorescence
staining of HGF, IGF1, and SHH showed decreased
fluorescence intensity of the three markers in H,O,-
treated cells compared with control (Figure 3B).

3.4. Myofibroblastic gene expression in cardiac
fibroblasts (CF) after co-culture with H,O,-treated WJ-
MSCs

To determine the effect of H,O, on the anti-fibrotic
properties of WJ-MSCs, WJ-MSCs were plated in
transwells and cultured with medium supplemented
with 200, 500, and 1,000 uM H,0, for 24 hours. The
H,0, -treated WJ-MSCs were then co-cultured with
CF for 48 hours. Myofibroblastic specific markers;
alpha-smooth muscle actin (SMA) and collagen type 1
(COL1) were investigated in CF. The gene expression
of COL1 and SMA in CF were not significantly
different compared with control (Figure 4A), whereas
the immunofluorescent micrographs showed the highest
fluorescent intensity for COL1 and SMA signal in the
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Figure 3. Anti-fibrotic factors expression in WJ-MSCs after
H,0, treatment. (A) The levels of HGF, IGF1, and SHH genes
were significantly reduced in H,O,-treated WJ-MSCs when
compared with control group. Data were expressed as mean
+ SEM (n = 6), *p < 0.05 vs. control. (B) Immunofluorescent
micrographs of HGF, IGF1, and SHH in WJ-MSCs after
treatment with various concentrations of H,0O,. Low fluorescent
intensity of HGF and SHH was obviously observed in 500 and
1,000 uM H,O,-treated cells compared with control, whereas
the fluorescence intensity of IGF-1 was similar to control. Scale
bars, 100 pm. WJ-MSCs, Wharton's jelly-derived WJ-MSCs;
HGF, hepatic growth factor; IGF1, insulin-like growth factor;
SHH, sonic hedgehog.

1,000 uM H,0, treatment group indicating an increased
myofibroblastic phenotype in CF (Figure 4B). Thus, we
decided to use 1,000 uM H,0, treated WJ-MSCs for
the subsequent experiments.

3.5. Anti-fibrosis gene and protein expression of WJ-
MSCs after transfection

In order to improve anti-fibrotic properties of WJ-
MSCs, the WI-MSCs were transfected with pCMV3-
HGF, pCMV3-IGF1, or pCMV3-SHH for 48 hours
using Lipofectamine™ 2000. The timeline of the

A
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0.2
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Figure 4. Myofibroblastic gene expression in CF after co-
culture with H,0O,-treated WJ-MSCs. (A) Gene expression
of COL1 and SMA in H,0,-treated WJ-MSCs were not
significantly different when compared with control. Data are
expressed as mean + SEM (n = 3). (B) Immunofluorescence
micrographs showed the increased fluorescent intensity of
COLI1 and SMA in CF after co-culture with H,0O, —treated WJ-
MSCs, in particular at 1,000 uM of H,O,. Scale bars, 100 pm.
COLI1, collagen type I; SMA, smooth muscle actin.
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Figure 5. Overexpression of anti-fibrosis factors in WJ-MSCs. (A) Schematic diagram represents the process of WJ-MSC
transfection with anti-fibrosis genes. (B) Analysis of HGF, IGF1 and SHH mRNA expression in transfected WJ-MSCs at day 6.
The levels of HGF, SHH and IGF1 were significantly up-regulated in both transfected MSCs and transfected MSCs after H,O,
treatment. Data are expressed as mean + SEM (n = 3), *p < 0.05 vs. control. Western blot analysis of (C) HGF, (D) IGF1, (E) SHH
in conditioned medium of WJ-MSCs are shown. Level of HGF, IGF1, and SHH in conditioned medium from transfected MSCs were
higher than those in MSCs. These proteins were decreased after H,O, treatment.

process is shown in Figure 5SA. RNA and conditioned
medium were collected from transfected MSCs and
expression of HGF, IGF1, and SHH were investigated
before co-culture with CF. The expression of HGF,
SHH, and IGF1 genes in transfected WJ-MSCs were
approximately up to 10,000 fold higher than control and
were not reduced after H,O, treatment (Figure 5B). The
examination of the protein expression in conditioned
media performed by Western blot analysis showed
decreased HGF, IGF1, and SHH proteins in conditioned
media of H,0,-treated WJ-MSCs. These proteins were
increased in conditioned media of transfected WJ-MSCs
(HGF-, IGF1-, SHH-MSC) and decreased after H,0O,
treatment. However, compared to non-transfected WJ-
MSCs, the HGF, IGF1, and SHH protein concentrations
tended to be higher in transfected MSCs after H,0,
treatment (Figure SC-E).

3.6. Myofibroblastic gene and protein expression of CF
after co-culture with transfected WJ-MSCs

To determine whether the expression of anti-fibrotic
secreted factors from transfected WJ-MSCs could
affect myofibroblast properties in CF, we investigated
the myofibroblastic markers; COL1 and SMA in
CF after co-culture with WJ-MSCs for 48 hours
(Figure 5A). The conditions of WJ-MSCs for co-
culture study were as follows; no MSC, -MOCK,
-MSC, -MSC+H,0,, -MSC+pCMV3 (HGF/IGF1/
SHH), -MSC+pCMV3 (HGF/IGF1/SHH) +H,0,.

As determined by immunofluorescence staining, the
fluorescent intensity of COL1 and SMA in CF were
lower after co-culture with MSC and MSC+pCMV3
compared with CF (Figure 6-8). The fluorescent signal
tended to be increased after co-culture with H,O,-
treated MSCs compared with MSCs, however, the
expression of these myofibroblast markers tended to be
decreased after co-culture with MSC+pCMV3+H,0,
(Figure 6A,7A, 8A). For the gene expression study,
SMA expression was found to have the same trend as
the results of fluorescent intensity (Figure 6B, 7B, 8B).
The expression of COL1 from all conditions was not
much different among the co-culture conditions (Figure
6B, 7B, 8B). All evidence showed the efficacy of anti-
fibrotic factors overexpressed-MSC diminished the
transformation from fibroblasts to myofibroblasts.

4. Discussion

Stem cell therapy has become a potential novelty
for treating degenerative diseases, in particular, cell
transplantation in ischemic heart disease (IHD). WJ-
MSCs are considered to be a promising stem cell
type for treating IHD due to their high number in the
tissue, which can casily be isolated by low-invasive
methods (33). Previous research reported the potential
of WJ-MSCs to differentiate into cardiomyocytes,
neovascularization and cardioprotective effects via
paracrine factors (34). In the present study, WJ-
MSCs exhibited typical MSC characteristics including
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Figure 6. Expression of myofibroblast
markers in CF after co-culture with or
without HGF-overexpressed WJ-MSCs.
(A) Immunofluorescence micrographs of CF
taken at the 48 hours after co-culture with
WI-MSCs. A low fluorescent intensity of
COL1 and SMA was observed in CF+MSC
and CF+HGF-MSC. Scale bar, 50 um. (B)
The expression of myofibroblastic genes was
assessed in CF at 48 hours after co-culture.
The expression of COL1 and SMA gene was
concordant with the immunofluorescence
staining. Data are expressed as mean + SEM
(n=3).

Figure 7. Expression of myofibroblast
markers in CF after co-culture with or
without IGF1-overexpressed WJ-MSCs.
(A) Immunofluorescent micrographs of CF
taken at the 48 hours after co-culture with
WIJ-MSCs. A low fluorescent intensity of
COL1 and SMA was observed in CF+FMSC
and CF+IGF1-MSC. Scale bar, 50 pm.
(B) The myofibroblastic gene level was
assessed in CF 48 hours after co-culture.
The expression of COL1 and SMA gene was
concordant with the immunofluorescence
staining. Data are expressed as mean + SEM
(n=73).

Figure 8. Expression of myofibroblast
markers in CF after co-culture with or
without SHH-overexpressed WJ-MSCs.
(A) Immunofluorescent micrographs of CF
taken at the 48 hours after co-culture with
WI-MSCs. A low fluorescent intensity of
COL1 and SMA was observed in CF+MSC
and CF +SHH-MSC. Scale bar, 50 um. (B)
The myofibroblastic gene expression was
assessed in CF 48 hours after co-culture.
The expression of COL1 and SMA gene was
not different among tested groups. Data are
expressed as mean + SEM (n = 3).
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expression of cell surface markers (CD90, CD73 and
CD105) and differentiation potential into mesodermal
lineages (osteoblasts and adipocytes). It had been
shown that the response of MSCs to oxidative
insult was different according to the origin of MSCs
(35). Therefore, the selection of MSCs used for
transplantation must be a concern and appropriate for
the specific use. Even though MSCs from different
origins have similar characteristics, the type of MSCs
must be carefully considered to enhance the outcome of
cell transplantation.

WIJ-MSCs have been shown to exert anti-fibrotic
properties although the underlying mechanism is
poorly characterized. WJ-MSCs are able to secrete
many anti-fibrotic cytokines including HGF, fibroblast
growth factor 2 (FGF2), connective tissue growth
factor (CTGF), Tumor necrosis factor-inducible gene
6 (TSG6), IGF1 and SHH, which could account for
their therapeutic effects (36). Recently, WJ-MSCs
treatment for fibrotic diseases has reached clinical trial
phase 2, especially in liver fibrosis and cardiac fibrosis.
Post myocardial infarction usually develops cardiac
fibrosis, which impairs cardiac function. Therefore, the
reduction of cardiac fibrosis might be a useful strategy
for treatment of heart failure. Even though, it has been
demonstrated that administration of WJ-MSCs in a
myocardial infarction model decreased cardiac fibrosis
(37) but unsuccessful findings were frequently found
with poor survival rate and dysfunction of transplanted
WI-MSCs.

Oxidative stress was reported to be an important
factor influencing the transplanted WJ-MSCs survival
and function. Here, we focused on the role of oxidative
stress in anti-fibrotic properties of WJ-MSCs. We
hypothesized that oxidative stress may diminished
the anti-fibrotic property of WJ-MSCs whereas the
overexpression of HGF, IGF1 or SHH genes can
reconcile this function. Our results demonstrated that
the gene and protein levels of anti-fibrosis factors such
as HGF, IGF1 and SHH were significantly decreased
after exposure to H,0, in a dose dependent manner.
HGEF, IGF1 and SHH are novel anti-fibrotic cytokines.
It has been shown that HGF prevented the progression
of fibrogenesis in multiple organs such as lung, liver
and heart (36,38,39). IGF1 exerts the beneficial effect
on cardiac repair by enhancing angiogenesis and
improving myocardial function (40). Previous studies
demonstrated that SHH inhibited cardiac fibrosis, at
least in part, by stimulating the production of paracrine
factors that exert anti-fibrotic action (4/). SHH gene
therapy also enhanced neovascularization in rat
myocardial infarction through the upregulation of
angiogenic-associated genes including VEGF, stromal
cell-derived factor 1 (SDF-1), angiopoeitin, and IGF1
(42). Reactive oxygen species have been shown to
activate latent transforming growth factor beta (TGF-f3)
and induce the expression of profibrogenic cytokines

such as TGF-B and angiotensin II (ANG) (43), which
are negative regulators of HGF (44). It is possible
that H,0, reduced the expression of anti-fibrosis
genes and proteins in WJ-MSCs by stimulating the
expression of its antagonist, however, the underlying
mechanism was largely unknown. The consequence
of downregulation of HGF, IGF1 and SHH under
oxidative stress conditions might impair anti-fibrosis
properties of WJ-MSCs. Therefore, the anti-fibrosis
potential of WJ-MSCs was further investigated by co-
culturing with rat cardiac fibroblasts (CF). The results
showed that the expression of myofibroblastic specific
markers; COL1 and SMA in CF was increased after
co-culture with H,0, treated WJ-MSCs. This finding
might affect to the activation of interleukin-6 (IL-6)
through phosphatidylinositol 3-kinase (PI3K), protein
kinase B (Akt), and glycogen synthase kinase 3 beta
(GSK3pB) downstream molecules (45). The upregulation
of IL-6 plays a key role in the production of TGF-B via
the JAK/STAT3 signaling pathway, which enhances
the transdifferentiation of fibroblasts to myofibroblasts
(46). Therefore, oxidative stress might be one important
mechanism that attenuates the anti-fibrotic ability of
WIJ-MSCs. ROS may induce stress in WJ-MSCs and
impair its function resulting in transdifferentiation of
cardiac fibroblasts to myofibroblasts.

To further elucidate whether the impairment of anti-
fibrosis properties can be recovered, we overexpressed
anti-fibrosis genes in WJ-MSCs and then co-cultured
with CF under ROS conditions. We hypothesized that
administration of MSC-HGF, MSC-IGF1 or MSC-
SHH might improve anti-fibrotic properties under ROS
conditions. The results showed that overexpressed-
MSC increased the gene expression levels of HGF,
IGF1, and SHH even when cultured under ROS
conditions. The conditioned media of overexpressed-
MSC co-cultured with CF showed higher HGF, IGF1
and SHH protein expression compared to the others.
Therefore, overexpression of anti-fibrosis genes; HGF,
IGF1, and SHH in MSC may abolish the effect of H,0,
on anti-fibrosis genes and protein expression. MSCs
were then co-cultured with CF. Fibrosis is characterized
by the accumulation and deposition of collagen type
I and SMA produced from myofibroblasts. Therefore,
we investigated fibrogenesis via evaluation of
myofibroblast characteristics of CF during culture.
The study was divided into 4 groups as follows;
CF+MOCK, CF+MSC+H,0,, CF+overexpressed-
MSC, CF+overexpressed-MSC+H,0,. The results
showed that overexpression groups; HGF-MSC, IGF1-
MSC or SHH-MSC in the presence of H,0, were able
to decrease the expression of myofibroblastic genes
and proteins; COL1 and SMA. These results correlated
with previous studies that gene transfer of HGF, IGF1,
or SHH reduced cardiac fibrosis (47). HGF prevents
fibrosis via the HGF/Met pathway, which antagonize
the TGF-B and angiotensin II signaling pathway
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(38,48). Meanwhile, overexpression of IGF1 in
cardiomyocytes reduced fibrosis in the mouse model of
dilated cardiomyopathy by inhibiting cardiac fibroblast
proliferation and reducing the expression of connective
tissue growth factor (CTGF), a downstream mediator
of the TGF-p pathway (49). However, the role of SHH
in cardiac fibrosis has not been clearly elucidated.
SHH has been shown to promote fibrosis in some
organs such as lung, liver, and kidney via its interaction
with the receptor Ptch1/Smo, which activates Glil,
a transcription factor regulating the expression of
fibrogenic genes; Snail, COL1, SMA, fibronectin,
and desmin. Besides, the SHH pathway may promote
epithelial-mesenchymal transition (EMT), which is
necessary for tissue fibrosis by induction of TGF-f
(50). Several studies have suggested that SHH may
exert beneficial effects on cardiac repair upon tissue
injury. It has been elucidated that SHH is involved
in the cardio-protective effect after ischemia via up-
regulation of VEGF, Ang-1, and Ang-2, which can
induce neovascularization and angiogenesis (42).

Taken together, ROS exerted adverse effects on
WIJ-MSCs by attenuating its anti-fibrotic properties.
Our results suggest the overexpression of anti-fibrosis
genes can abolish the ROS affected anti-fibrosis
properties of WJ-MSCs. Therefore, WJ-MSCs modified
to overexpress anti-fibrosis genes could serve as a
novel approach for protecting/treating cardiac fibrosis.
However, this finding is only a preliminary study, which
revealed that the good outcome of stem cell therapy
may originate from multiple factors, particularly, the
environment of engrafted cells must be a concern and
an in vivo study is greatly needed.
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Summary

In-stent restenosis is highly related to the deposition of inflammatory extracellular matrix
and the migration of endothelial and vascular smooth muscle cells. The miR-17/TIMP-1/
interleukin pathway regulates vascular matrix remodeling and plays an important role
in the inflammatory reaction. This study identified miR-17 and its related biomarkers in
serum that potentially indicated susceptibility to in-stent restenosis (ISR) after coronary
artery stenting. Subjects were 42 patients with single de novo coronary artery lesions who
underwent regular coronary angiography one year after percutaneous coronary intervention.
The clinical baseline information was recorded. Serum levels of biomarkers (including miR-
17, TIMP-1, IL-6, IL-8, IL-2R, TNF-alpha, IL-10, and IL-1beta) were measured with real-
time PCR or ELISA. Intergroup comparisons were used to compare patients with or without
ISR. Compared to levels in the non-restenosis group, the serum miR-17 level was significantly
higher (3.13 + 0.22 vs. 1.06 = 0.04, p < 0.01) and the serum TIMP-1 and IL-6 levels were
significantly lower in the ISR group (TIMP-1: 0.33 = 0.04 vs. 1.00 + 0.05, p < 0.01; IL-6: 1.64
+ 0.18 vs. 3.52 + 0.11, p < 0.01). Moreover, the levels of TIMP-1 and IL-6 decreased as the
level of miR-17 increased. Spearman's correlation analysis indicated that the miR-17 level
was inversely correlated with TIMP-1 and IL-6 levels. Findings suggest that an elevated level
of miR-17 and decreased levels of TIMP-1 and IL-6 may be associated with the risk of ISR,
which is in accordance with vascular matrix remodeling and an inflammatory reaction during
the pathologic process of ISR. This study highlighted the potential for miR-17, TIMP-1, and
IL-6 to serve as biomarkers for ISR.

Keywords: miR-17, TIMP-1, IL-6, in-stent restenosis
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Percutaneous coronary intervention (PCI) is currently
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the main method to treat coronary heart discase.
Stent implantation is commonly used as for coronary
intervention. There is a certain proportion of in-stent
restenosis (ISR) after stent implantation that causes
problems clinically. ISR involves many pathologic
mechanisms, including intraplaque inflammation, lipid
deposition, proliferation of vascular smooth muscle
cells, endoluminal thrombus formation, and intraplaque
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angiogenesis. These induce endothelial dysfunction
and the instability of plaque. The recent incidence of
ISR has decreased with the widespread use of drug-
eluting stents (DESs). However, ISR still occurs in
approximately 10% of patients receiving DESs, and
ISR during the long-term period after stent implantation
(more than 6 months) has not effectively improved (/,2).
Given to the pathological characteristics of ISR after
intracoronary stent implantation with PCI, potential
biomarkers to indicate susceptibility to ISR need to be
identified.

The inflammatory properties of the permanent
coating applied on stent struts that allows controlled
drug release are one of the key factors for ISR in
patients receiving DESs. However, a nonselective
anti-proliferative drug that is released on endothelial
regeneration increases the risk of late and very late stent
thrombosis (3).

MicroRNA (miRNA, miR) is highly conserved
short non-coding RNA. miRNA can bind to the 3' end
untranslated region (UTR) of the corresponding target
mRNA and inhibit translation or promote degradation
of mRNA at the post-transcriptional level (4). Recent
studies have indicated that an imbalance in expression
of miRNAs is closely related to the occurrence and
development of diseases (5). To some extent, specific
miRNAs can be considered as biomarkers of various
cardiovascular diseases and may inspire effective
ways to diagnose and evaluate cardiovascular diseases.
Because of the stability of miRNAs in whole blood,
plasma, or serum, numerous studies have speculated
that specific miRNAs in peripheral circulating blood
can be used as early warning indicators of various
cardiovascular diseases (6,7). Basic studies have
revealed significant changes in the expression of
miRNAs that relate to endothelial growth and smooth
muscle proliferation after balloon injury (8). miR-
17, miR-21, miR-125, and miR-126 have been
widely reported as regulators of inflammation and
angiogenesis. Such miRNAs can be used as biomarkers
and possible targets for interventions in the process of
arterial injury and repair (9-717). Thus, ISR may also be
accompanied by the expression of specific miRNAs.
The molecular biological mechanism of ISR after PCI
can be described at the level of identifying a series of
miRNAs and corresponding downstream gene targets.

In light of these previous studies, the current study
measured the levels of several key miRNAs, as well
as corresponding specific targets, in patients with and
without ISR. The aim of this study was to assess their
value as potential molecular markers for ISR.

2. Materials and Methods
2.1. Study subjects

Subjects were 14 patients who underwent PCI one year

earlier. Patients had single de novo coronary artery
lesions and underwent regular coronary angiography
(CAG) at Xinhua Hospital from October 2014 to
October 2017. All 14 patients had ISR. Patients
received standard dual therapy with aspirin 100 mg/
day and clopidogrel 75 mg/day. Patients who suffered
an acute myocardial infarction within one year of PCI
were excluded. Twenty-eight patients without ISR who
had single de novo coronary artery lesions and similar
baseline characteristics served as the control group.
ISR was defined as the presence of > 50% diameter
stenosis in the stented segment. The study followed the
principles outlined in the Declaration of Helsinki and it
was approved by the ethics committee.

2.2. Plasma collection

Patients routinely underwent CAG one year after
coronary artery PCI stent implantation. Some blood
samples are left for clinical biochemical examination
when blood vessels are punctured during CAG. The
residual blood from clinical tests was collected at
the time of routine follow-up. Plasma samples were
collected by centrifugation (15 minutes at 1,200 x g)
within 30 minutes, preserved in RNase-free tubes, and
stored at -80°C for extraction of RNA.

2.3. RNA isolation

Total RNA was extracted using a Trizol-based miRNA
isolation protocol (Tiangen, China). Plasma was lysed
with Trizol at a 1:3 ratio. After 5 min, 0.8 mL of
chloroform per 1 mL of sample was added. The three
phases (aqueous, inter, and organic) were obtained by
centrifugation at 4°C and 12,000 rpm for 15 min. The
aqueous phase was then transferred to a fresh tube, and
2.0 mL of isopropanol per 1 mL of sample was added
and incubated for 10 min. Total RNA was precipitated
after samples were centrifuged at 12,000 x g for 10
min at 4°C. The supernatant was removed, and the
RNA pellet was washed with 1 mL of 75% ethanol and
subsequently centrifuged at 7,500 x g for 5 min at 4°C.
After the ethanol was removed, the RNA pellet was
briefly air-dried and dissolved in RNase-free water. The
RNA concentrations were measured with a NanoDrop
ND-1000 spectrophotometer (NanoDrop Technologies,
USA), and the RNA samples were stored at —80°C for
future use.

2.4. Detection and analysis of miRNAs and TIMP-1
mRNA by qRT-PCR

A real-time quantitative reverse-transcription
polymerase chain reaction (qQRT-PCR) was used to
determine the expression of miRNAs. Pure RNA (OD
1.8-2.2) was reverse-transcribed (RT) to cDNA at
42°C for 30 min using mirVana™ miRNA detection
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Table 1. Nucleotide sequences of primers used for PCR amplification

Primer name Forward primer(5'-3") Reverse primer(5'-3")

miR-17 GCGGCCAAAGTGCTTACAGTG CAGCCACAAAAGAGCACAAT

miR-21 ACACTCCAGCTGGGTAGCTTATCAGACTGA TGGTGCGTGGAGTCG

miR-125 GTCCCTGAAGCCCTTTAACC AACCTCACCTGTGACCCTG

miR-126 CATTATTACTTTTGGTACGC GTCGTATCCAGTGCGTGTCGTG

TIMP-1 CTTCTGGCATCCTGTTGTTG GGTATAAGGTGGTCTGGTTG

U6 GTGCTCGCTTCGGCAGCACATATAC AAAAATATGGAACGCTTCACGAATTTG

Table 2. Characteristics of patients with or without restenosis

Items With restenosis (n = 14) Without restenosis (n = 28) p value
Gender (% male) 50.00 64.29 0.374
Age (years) 66.29 + 1.61 67.54+1.72 0.645
BMI (kg/m’) 24.22 +0.58 23.66 + 0.48 0.490
Hypertension, % 71.43 75.00 0.804
Hypercholesterolemia, % 78.57 71.43 0.620
Diabetes, % 35.71 32.14 0.817
Current smoker, % 35.71 39.29 0.822
Current alcohol drinker, % 35.71 42.86 0.675
Family history of CVD, % 50.00 57.14 0.661

kits (Thermo Fisher Scientific, USA), according to the
manufacturer's instructions. cDNA (2 pL) was used as
the template for qRT-PCR. Plasma expression of miRs
was detected using SYBR Green miRNA qRT-PCR
kits (Tiangen, China), according to the manufacturer's
protocol with a Real-Time PCR System (Bio-Rad,
USA). A melting curve analysis was performed at the
end of the PCR cycle to validate the specificity of the
expected PCR product. U6 was used as an internal
control due to its prolonged and stable expression
throughout all the evaluated samples. The relative level
of expression of each miRNA was determined using
the comparative CT method, which was defined as 2~
¢ For mRNA analysis, cDNA was synthesized using a
cDNA Synthesis Kit (Bio-Rad, USA) and was subjected
to 40 cycles of quantitative PCR with SYBR Premix
(Takara, Japan) in the Real-Time PCR Detection
System. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal control. Each sample
from each study subject was analyzed with PCR in
triplicate. The primers for analysis are summarized in
Table 1.

2.5. Biochemical and clinical assays

Levels of IL-6, IL-8, IL-2R, TNF-alpha, IL-10 and IL-
Ibeta were measured using ELISA kits (IBL-America,
USA). Related health parameters, clinical history,
personal history, and family history were recorded.

2.6. Statistical analysis

Results are expressed as the mean + SD. A two-tailed

Student's t test was used to compare two groups. Two-
way ANOVA was used to compare multiple groups,
and analyses were performed using GraphPad Prism
6.0. Logistics regression analysis was performed to
evaluate risk factors for ISR, and receiver operating
characteristic (ROC) analysis was perform to access
the efficiency of distinguishing patients with ISR from
patients without ISR (using STATA 14.0). A p-value of
< 0.05 was considered statistically significant.

3. Results
3.1. Clinical characteristics of subjects

The general characteristics of patients with ISR (n = 14)
and patients without ISR (n = 28), including gender,
age, BMI, a family history of cardiovascular disease,
a history of hypertension, hypercholesterolemia, or
diabetes, and related risk factors are summarized
in Table 2. More than half of the patients had
hypertension, hypercholesterolemia, or a family history
of cardiovascular disease. Similar characteristics were
noted in patients with or without restenosis ( p > 0.05
for all). The BMI of patients with restenosis (24.22 +
0.58 kg/m’) was slightly higher than that of patients
without restenosis (23.66 = 0.48 kg/m’), and patients
without restenosis were 1 year older than patients with
restenosis; these differences were not significant.

3.2. Circulating miRs and corresponding target gene
levels in patients with or without ISR

Real-time PCR analysis was used to measure plasma
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levels of miR-17, miR-21, miR-125, and miR-126.
The miR-17 level was significantly higher in patients
with ISR compared to patients without ISR (p < 0.01),
as shown in Figure 1. The average level of miR-17
was 3.13 + 0.22 in patients with ISR and 1.06 + 0.04
in patients without ISR. There was no significant
difference in the levels of miR-21, miR-125, and
miR-126 between the two groups. TIMP-1, as the
downstream target of miR-17, was expressed at a lower

level in patients with ISR compared to that in patients
without ISR (p < 0.05). The TIMP-1 level was 0.33 +
0.04 in patients with ISR and 1.00 + 0.05 in patients
without ISR. A logistic regression model indicated that
miR-17 was significantly associated with a risk of ISR
(odds ratio [OR]: 7.2254, p < 0.01, 95% confidence
interval [CI]: 1.9825-26.3331), and TIMP-1 was also
significantly related to ISR (OR: 0.002, p < 0.01, 95%

CI: 0.00005-0.098).
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Figure 1. The expression of miR-17 (a), miR-21 (b), miR-125 (¢), miR-126 (d), and TIMP-1(e) in plasma was evaluated

with real-time PCR.
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patients with or without ISR.
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Figure 3. ROC curve analysis using plasma miR-17(a) and
TIMP-1(b) to distinguish in-stent restenosis.

3.3. Inflammatory marker levels in patients with or
without ISR

As shown in Figure 2, IL-6 levels were lower in
patients with ISR than those in the patients without ISR
(p <0.01). The mean level of IL-6 in patients with ISR
was 1.64 + 0.18, while that in patients without ISR was
3.52 £ 0.11. However, significant differences in the
levels of IL-8, IL-2R, TNF-alpha, IL-10, and IL-1beta
were not noted in patients with or without ISR (p > 0.05
for all). The mean levels of IL-8, IL-2R, TNF-alpha,
IL-10, and IL-1beta were 27.1 + 3.17, 554 £ 57.9, 25.8
+5.9, 1.19 £ 0.13, and 0.50 + 0.52 in patients with ISR
and 29.1 £ 4.64, 546 £ 71.8, 28.5 £ 5.8, 1.21 £ 0.11,
and 0.57 + 0.50 in patients without ISR, respectively.

3.4. ROC analysis of miR-17 and TIMP-1

To investigate the relationship between the miR-17,
TIMP-1, and ISR, ROC analyses were performed to
evaluate the diagnostic ability of miR-17 and TIMP-
1. As shown in Figure 3, the ROC curves for miR-
17 and TIMP-1 reflected a strong distinction between
patients with or without ISR, with an AUC of 0.8699
(95% CI: 0.75868-0.98112, p <0.001) and 0.8827 (95%
CI: 0.78159-0.98372, p < 0.001), respectively. miR-17
and TIMP-1 had a specificity of 78.57% and 78.57% in
patients with ISR. miR-17 and TIMP-1 had a specificity
of 85.71% and 92.86% in patients without ISR. miR-

17 and TIMP-1 displayed acceptable sensitivity and
specificity for the diagnosis of ISR.

4. Discussion

Recent studies have suggested that circulating miRNAs
are useful biomarkers for the diagnosis of CVD.
Several miRNAs have been found to take part in
the pathogenesis of coronary artery disease (/2) and
atherosclerosis (/3), but few studies focused on specific
miRNAs related to ISR, which can be detected in
circulating blood. miR-17, miR-21, miR-125, and miR-
126 are commonly mentioned as corresponding to the
pathologic process of ISR. One study found a higher
level of expression of circulating miR-21 in patients
with ISR (/4). A point worth noting is that miR-21
and miR-126 are respectively related to ACS (15) and
AMI (16), which may preclude their suitability for a
specific diagnosis. On the basis of widely reported
chip screening of miRNAs, the current study detected
significantly higher plasma levels of miR-17 in patients
with ISR via quantitative detection of real-time PCR.
Given its clinical use, miR-17 is one biomarker with a
higher specificity but not lower circulating expression,
and it is more suitable for use as a diagnostic method.

Previous studies focused on the screening of miRs,
since their levels of expression change in ISR, but little
attention was paid to the corresponding downstream
target gene levels or related effective factors, as a
change at one point is usually not sufficient to support a
potential diagnosis. The current study found that TIMP-
1, a downstream target of miR-17, was expressed at
lower levels in patients with ISR compared to levels
in patients without ISR. Levels of expression of the
inflammatory biochemical factor IL-6 were also lower
in patients with ISR. These results indicated changes
in the circulating cascade of miR-17/TIMP-1/IL-6 in
patients with ISR, which closely coincide with the
inflammatory response signaling pathway revealed by
basic research. These observations indicate that miR-17
and its downstream factors are likely to allow predictive
tests to diagnose ISR.

miR-17 has been widely studied. The coding area
of miR-17 is located within an 800 base-pair region
of human chromosome 13. miR-17 plays an essential
role in the development of the human heart, lungs, and
immune system (/7). A study has revealed that miR-17
is involved in inflammation and oxidative stress, which
are mechanisms relevant to macrophage polarization
(18). miR-17 is also hypoxia-responsive; it may induce
protective autophagy and counter apoptosis in vascular
smooth muscle cells and contributes to vascular smooth
muscle cell proliferation (79,20).

Based on bioinformatic analysis and experimental
validation, TIMP-1 was identified as a target gene of
miR-17. As previously reported, a functional study
indicated that a decrease in TIMP-1 was responsible for
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the upregulation of miR-17 (21).

ISR has been associated with the activation of
matrix metalloproteinases (MMPs) and downregulation
of their endogenous inhibitors (tissue inhibitor of
matrix metalloproteinases [TIMPs]), which results in
degradation of the artery wall matrix and decreased
elasticity and which contributes to endothelial
inflammation and vascular hyperpermeability (22).
Expression of miR-17 is higher during ISR, resulting
in decreased expression of its target-TIMPs and thus
limiting potent inhibition of MMP-2 activity by TIMPs.
Because TIMPs are essential to reducing inflammation,
TIMP-1 (as a tissue inhibitor of MMPs) is expected to
be lower in the pathologic process of ISR. The current
study further demonstrated that these changes in levels
of expression, according to the inflammatory pathway,
can be readily detected in the circulation.

IL-6 is considered to be a pro-inflammatory
lipocytokine. From molecular biology perspective,
there is a negative correlation between TIMPs and IL-
6. Mechanistic studies indicated that loss of TIMPs
promoted production of IL-6, and recombinant
adenovirus Ad-hTIMP-1 inhibited the inflammatory
response and downregulated the expression of IL-6 (23).
Blood levels of IL-6 were higher while blood levels
of TIMP-1 were lower in individuals with unstable
atherosclerotic plaque in their coronary arteries
compared to individuals with stable atherosclerotic
plaque (24). One year after PCI, IL-6 was lower than
normal; this is because the inflammatory response in
ISR was not merely equal to that in atherosclerotic
injury. In the process of vascular wall repair after
stent implantation, IL-6 changes nonlinearly, and
only IL-6 plays an important role in the inflammatory
response phase. IL-6 peaks 24 hours after drug-eluting
stent implantation and then begins to decline (235).
After restenosis occurs, the peak period of traumatic
inflammation passes and the stable stage of an
inflammatory reaction begins.

Previous studies on the primary mechanism
underlying ISR mainly focused on the exaggerated
neointimal proliferative response. Research has
firmly established that proliferation and migration
of VSMCs are critical cellular events responsible
for the development of neointimal hyperplasia and
that phenotypic modulation (transformation from a
contractile to synthetic phenotype) of VSMCs plays
an important role in this process. The current study
verified the inflammatory cascade of ISR from another
angle. Commonly, inflammatory-related factors are
more widely distributed in the circulation. The current
study quantitative measured key markers of the ISR
cascade based on reported chip screening, and these
findings are highly consistent with results of previous
mechanistic studies.

The current study provides clinical evidence that
circulating miR-17, TIMP-1, and IL-6 can serve as

specific biomarkers for ISR. However, the small
number of enrolled patients from a single center is a
major limitation that must be considered. Further large-
scale studies are needed to validate the clinical utility
of miRs and their downstream target genes as practical
biomarkers for ISR. Moreover, this study is a cross-
sectional case-control study, and prospective follow-
up studies should be conducted to better assess the
predictive value of biomarkers for ISR.
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Summary

Long-term aircraft noise exposure may cast a detrimental effect upon the working
memory of military pilots, and the brain structural and functional bases of noise related
cognitive impairment remains unclear. In this study, we enrolled 30 fighter jet pilots and 30
matched controls. The working memory performance of the subjects was measured with a
neurobehavioral test battery including immediate verbal/visual memory and delayed verbal/
visual memory tests. Structural MRI and resting-state functional magnetic resonance imaging
(rs-fMRI) were utilized to quantify brain grey matter volumes (GMYV), regional homogeneity
(ReHo), amplitude of low-frequency fluctuation (ALFF) and fractional ALFF (fALFF)
differences between the two groups. Furthermore, correlation analyses were performed to
find the association between the neural imaging changes with individual neurobehavioral
performance. The military pilots showed significantly lower accuracy in delayed verbal and
visual memory tests in comparison to the controls, indicating a potential working memory
deficit in this population. Structural MRI data and rs-fMRI data showed that the pilots
displayed markedly decreased GMVs, ReHo and ALFF signals in the left hippocampus,
suggesting neuron dysfunction of the hippocampus. Besides, ReHo and ALFF/fALFF analysis
also revealed reduced ReHo in the left amygdala, left thalamus, left superior temporal gyrus
and right superior/middle frontal gyrus, indicating disrupted local neural activity under
chronic noise exposure. Furthermore, Spearman correlation analysis proved that the GMV
and ReHo of left hippocampus were significantly associated with working memory accuracy.
This study provided direct evidence of dysfunctional hippocampus serving as the structural
and functional bases for neuropsychological impairment under aircraft noise exposure.

Keywords: Aircraft noise, working memory, hippocampus, MRI

1. Introduction

The detrimental effects of aircraft noise on cognitive
function and working memory are well documented
(1). For instance, previous studies reported that aircraft
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noise may impair cognitive function of schoolchildren
around airports, including recognition memory,
attention and reading comprehension (2). Another study
reported that nocturnal aircraft noise exposure induces
significant delayed significant, linear impairments
in reaction times (3). Compared with residents near
airports, military pilots encounter more excessive
aircraft noise while on duty. Noise levels generated
by aircraft vary according to phase of flight as well
as environmental factors, and ambient noise in the
cockpit can reach as high as 80-120 dB along the flight.
Previous studies have proved that ambient aircraft noise
exposure injured hearing acuity of pilots and leads to
hearing loss (4). Compared to the studies about hearing
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acuity, there are fewer studies on the cognitive and
memory impairments associated with aircraft noise in
the military pilot population.

Studies demonstrated that noise can lead to
structural damages to the cochlea and hyperactivity
in the central auditory pathway, including cochlear
nucleus, inferior colliculus and auditory cortex at its
traumatic levels (5). Besides, noise also triggers non-
classical auditory-responsive brain areas (e.g. the
lateral amygdala and striatum) and directly activates
the emotion/fear system of the brain via the thalamus.
In this way, noise can activate defense responses
leading to activation of the hypothalamic—pituitary—
adrenal (HPA) axis (6). Long-lasting activation of
the HPA axis can lead to disturbed hormonal balance
as well as morphometric and functional alteration of
brain, which may be the potential mechanism of noise
induced cognitive impairment (7). In a recent study in
mice, chronic noise exposure adversely influenced the
animals' behavior and brain structure. The noise stress
caused HPA-axis hyperactivity, a reduction of size in
the hippocampus, medial prefrontal cortex (mPFC),
and amygdala, a reduced neuronal density in the mPFC
and dentate gyrus (DG), and lower performance in
all cognitive and motor tasks (&). Similarly, another
study in mice revealed that noise may alter the long-
term potentiation (LTP) and place cell activity in
the hippocampus, and thus lead to spatial memory
impairment (9). However, although a series of animal
studies declared the brain morphometric with functional
alteration under noise exposure, there's still a lack of
direct human evidence of brain structural and functional
bases of cognitive impairment.

In order to solve this problem, we focus on the
military pilot population and try to reveal structural and
functional alteration of the human brain under excessive
aircraft noise exposure. Neuroimaging techniques,
including anatomical T1-weighted MRI and resting-
state functional MRI (rs-fMRI), allow us to accomplish
this purpose. Anatomical T1-weighted MRI was
routinely used for voxel-based morphology (VBM) to
explore possible changes in grey matter volume (GMV);
in turn, regional homogeneity (ReHo) analysis based on
rs-fMRI can reflect the intrinsic functional organization
and the endogenous neurophysiological process of the
human brain, providing pertinent information on core
mechanisms of neuropsychological disorders (/0).
We hypothesized that modified GMV and ReHo in
certain brain regions will be revealed in comparison to
those of the control population and these brain regions
with differences may be associated with the working
memory function of the subjects. To our knowledge,
this is the first neuroimaging study comprehensively
clarifing the potential cognitive and neuroimaging
status in military pilots, which will help to elucidate
the core mechanism of neuropsychological impairment
under chronic aircraft noise exposure.

2. Materials and Methods
2.1. Subjects

30 male subjects in exposure group were randomly
extracted from the 105 fighter jet pilots aged between
30-35 in an air force base in Gansu, China, while 30
male subjects in the control group were enrolled from
the 429 military officers in an air force hospital in
Gansu. All subjects in the two groups were matched
by age, working life and education status. Excluded
from the study were subjects who had a history
of smoking and alcohol drinking, family history
of neuropsychological diseases and exposure to
audiological risk factors outside work (noise trauma,
bomb, mine or other explosions, and use of firearms).
For pilots in the exposure group, a Class-1 sound level
meter (Briiel & Kjar, Denmark) was used to measure
the equivalent continuous noise level in the cockpit of
the fighter jet during the latest fight. The flight hours
from the start of the pilot's working life were calculated
by means of a questionnaire and a check on personal
archives.

The protocol of this study was approved by the
Ethics Committee of the Medical Faculty of Second
Hospital of Lanzhou University (registry no. 2017A-
074) and all study elements were conducted in
accordance with ethical principles for medical research
involving human subjects as defined in the Declaration
of Helsinki. All subjects were fully aware of the study
procedures and signed informed consent forms (ICFs).

2.2. Working memory tests

A neuropsychological test battery consisting of four
computerized tests, were employed to assess the
immediate verbal memory (IVBM), immediate visual
memory (IVIM), delayed verbal memory (DVBM)
and delayed visual memory (DVIM) of the subjects.
All the verbal/visual memory tests were performed in
the system of CNS Vital Signs (http://www.cnsvs.com/)
(11,12).

2.3. MRI image acquisition

MRI were acquired using the General Electric Discovery
MR750 3.0T systems (General Electric Co. Ltd.,
Connecticut, USA) in the Second Hospital of Lanzhou
University. Standard T1-weighted 3D anatomical data
were acquired using the 3D magnetization-prepared rapid
gradient echo (3D MPRAGE) sequence (repetition time:
2530 ms; echo time: 3.5 ms; flip angle: 7°; field of view:
256 mm x 256 mm; matrix: 256 x 256; slice thickness:
1 mm; section gap: 0 mm; number of slices: 192, voxel
size=1x 1 x 1 mm’).

Rs-fMRI data were acquired with echo planar
imaging (EPI) sequence (repetition time: 2000 ms;
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echo time: 30 ms; flip angle: 90°; field of view: 220
mm x 220 mm; acquisition/reconstruction matrix: 128
x 128; slice thickness: 4 mm; section gap: 0.6 mm;
number of slices: 30, scam time: 6min; voxel size = 3
x 3 x 3 mm’) covering the entire brain. A custom-built
head coil cushion and earplugs were used to minimize
head motion and dampen scanner noise. During data
acquisition, subjects were asked to remain alert with
eyes closed and keep their head still.

2.4. Structural MRI analysis

Structural MRI data was analyzed by voxel-based
morphometry (VBM) in Statistical Parametric Mapping
software (SPM8, Wellcome Department of Cognitive
Neurology, London, UK; Attp.//www.fil.ion.ucl.ac.uk/
spm/) in MATLAB R2014a (MathWorks Inc., Natick,
MA, USA) (13). Data processing steps were performed
according to Ashburner. We applied Diffeomorphic
Anatomical Registration through Exponentiated
Lie Algebra (DARTEL), which is implemented as a
toolbox for SPM8 and enables the creation of a set
of group-specific templates. Its performance on non-
linear registration algorithms is better than that of
other similar toolboxes. Brain images were segmented,
normalized and modulated by using these templates.
Registered images were then transformed to Montreal
Neurological Institute (MNI) space, and finally, the
normalized and modulated images were smoothed with
a 6 mm full-width at half-maximum (FWHM) Gaussian
kernel (14,15).

2.5. Rs-fMRI preprocessing and analysis

Rs-fMRI data pre-processing was then performed using
the SPM8 and Data Processing Assistant for Resting-
state fMRI Advanced (DPARSFA) tools. Prior to pre-
processing, the first 10 volumes were discarded to reach
a steady-state magnetization and allow participants to
adapt to the scanning noise. For each subject, fMRI
data were first adjusted for slice timing and head-
motion (exclusion criteria: N 2.5 mm translation and/
or N3.0° rotation). Then, the standard MNI template
provided by SPM was further used for normalization
with resampling to 3 mm x 3 mm % 3 mm voxels and
spatially smoothed using a 4 mm x 4 mm x 4 mm
full with a half-maximum Gaussian kernel. Next, a
band-pass filter of 0.01 to 0.08 Hz was applied to the
data in temporal frequency space to minimize low-
frequency signal drift and high frequency variations
due to cardiac and respiratory effects. In nuisance
covariates regression, we selected the 6 head motion
parameters, white matter signal, global mean signal,
and cerebrospinal fluid signal as nuisance variables and
regressed them out (/6,17). The results are shown at p
< (.05 using false discovery rate (FDR) correction (with
a combination of a threshold of p < 0.001 and a mini-

mum cluster size of 65 voxels).

Voxel-based comparison of ReHo were conducted
in Resting State fMRI Data Analysis Toolkit (REST)
Version 2.0 (http://restfmri.net/forum/REST V2.0).
Computation of ReHo at resting state was performed
as previously described. Briefly, Kendall's coefficient
of concordance (KCC) for each voxel in the brain was
calculated voxel-wise by applying a cluster size of 26
voxels. For standardization purposes, each individual
ReHo map was divided by that subject's global
mean brain KCC value to minimize inter-individual
variability for statistical analysis within the whole-brain
mask. Results are shown at p < 0.05 using AlphaSim
correction (with a combination of a threshold of p < 0.01
and a mini- mum cluster size of 65 voxels) (/8,19).

Using the preprocessed images, very low-frequency
drift and high-frequency noise was first filtered (band-
pass, 0.01~0.08Hz), then amplitude of low-frequency
fluctuation (ALFF) were built according to standard
procedures established by previous research (20). The
filtered time series was transformed to the frequency
domain using the fast Fourier transform (FFT) and the
power spectrum was then obtained. The square root was
calculated at each frequency of the power spectrum and
taken as the ALFF. Furthermore, in order to eliminate
physiological signals, fractional ALFF (fALFF) was
also performed (2/). Similar to ALFF, the square
root was calculated at each frequency of the power
spectrum. The sum of amplitude across 0.01-0.08 Hz
was divided by that across the entire frequency range,
i.e., 0-0.25 Hz. Both the subject-level ALFF and fALFF
were converted into a z-score map by subtracting the
mean ALFF of the whole brain and dividing by the
standard deviation (22,23). Results are shown at p <
0.05 using AlphaSim correction (with a combination of
a threshold of p < 0.01 and a mini- mum cluster size of
65 voxels) (18,19).

2.6. Statistical analysis

Student ¢ test was applied to assess differences of
demographic and neurobehavioral parameters between
the two groups. Spearman correlation coefficients were
separately computed to examine correlations between
GMV/ReHo and neuropsychological parameters.
All statistical analyses were performed with R 3.1.3
(https://www.r-project.org). p < 0.05 was considered
statistically significant.

3. Results

3.1. Demographic information and noise exposure level
Demographic information of the military pilots in the
exposure group and controls are listed in Table 1. There

were no significant difference between age, work lives
and education status of the two groups. The flight hours
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Table 1. Demographic information of the subjects in the exposure and control groups

Exposure group (Military pilots of fighter jets) Control group (Military officers in hospital)

Parameters t value p value
n=30 n=30

Age (year)
Mean (SD) 32.67+1.19 33.07+1.37 —1.230 0.224
Range 30.1-344 30.6 -34.9

Working life (year)
Mean (SD) 10.00 + 1.72 10.37+1.96 -0.771 0.444
Range 7-12 7-14

Education status (year)
Mean (SD) 16.27 +0.69 16.07 £ 0.94 0.936 0.353
Range 15-18 15-19

Table 2. Descriptive values (mean + SD) and statistics of the working memory tests

Numbers of correct responses

Tests Exposure group Control group value pvalue

IVBM 26.13 +2.65 26.40 +2.11 0.431 0.668

IVIM 22.67+2.23 23.17+2.23 0.868 0.389

DVBM* 24.60 +3.13 26.23 £2.70 2.166 0.034

DVIM** 19.00 + 3.27 21.47+3.25 2.933 0.005

IVBM, immediate verbal memory; IVIM, immediate visual memory; DVBM, delayed verbal memory; DVIM, delayed visual memory. *, p < 0.05;

#* p<0.01.
of the pilots in the exposure group were 840-1520 h,
while the average equivalent continuous noise level in
the cockpit was 108.6 +2.4 dB.

3.2. Working memory measurements

The results of the working memory tests are displayed
in Table 2. There was no significant difference between
the exposure and control group for the numbers of
correct responses in [IVBM and IVIM tests (p = 0.668 &
0.389, respectively). However, the numbers of correct
responses in DVBM and DVIM tests were significantly
less in the exposure group compared to control group (p
=0.034 & 0.005, respectively).

3.3. VBM analysis of GMV changes

Structural imaging analysis using VBM revealed brain
structural differences between exposure and control
group. Exposure group was observed to have less
GMV in the left hippocampus, right middle frontal
gyrus and right inferior parietal lobule compared with
control group (¢-test, |f> 3.02, p < 0.002, p < 0.05 FDR
corrected). What's more, exposure group was also
found to have more GMV in the left caudate body. See
details in Figure 1 and Table 3.

3.4. ReHo analysis of rs-fMRI data

Functional imaging analysis based on rs-fMRI was
performed to investigate the ReHo differences between
the two groups. Compared to control group, exposure
group showed significantly lower ReHo values in the
left amygdala, left hippocampus, left thalamus and right

middle/superior frontal gyrus (z-test, |f> 2.70, p < 0.01,
AlphaSim corrected). In the meantime, exposure group
showed higher ReHo values in the left cingulate and the
right inferior temporal gyrus, compared to the control
group. See details in Figure 2 and Table 4.

3.5. ALFF/fALFF analysis of rs-fMRI data

Furthermore, we used the ALFF/fALFF analysis based
on rs-fMRI to examine neural activity changes after
noise exposure. As shown in Table 5 and Figure 3,
significantly lower ALFF signals were found in the
left hippocampus, thalamus and the superior temporal
gyrus, and significantly lower fALFF signals were
observed in left middle temporal gyrus and left superior
frontal gyrus, by which we confirmed that noise causes
disrupted local neural activity in these regions, exactly.
What's more, our analysis also showed significantly
increased ALFF signals in the postcentral gyrus
(Brodmann area 6, 22, 42, 43) and posterior cerebellum
lobe. See details in Figure 3 and Table 5.

3.6. Correlation between neurobehavioral performance
and neuroimaging parameters

In order to understand the effects of aircraft noise
exposure on brain structure and function, we conducted
correlation analyses between the performance of
working memory tests and the corresponding GMV
and ReHo of brain regions with significant differences
between the two groups. As a result, the GMV of left
hippocampus showed significantly positive associations
with the DVIM accuracy (Figure 4A, p = 0.0278, r
= 0.3122), while the ReHo of left hippocampus were
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L-Caudate Body

-13.5mm

Figure 1. Regional GMV changes in subjects of exposure group compared with those of control group. Significantly
increased GMV were seen in left caudate body (L-Caudate Body); significantly decreased areas were observed in the left
hippocampus (L-HIPPO), the right middle frontal gyrus (R-MFQG), and the right inferior parietal lobule (R-IPL). The red areas
indicate high GMV brain regions and the blue areas indicate lower ones. The significance level was set at p < 0.002, p < 0.05

FDR corrected.

positively associated with DVBM accuracy (Figure
4B, p =0.0016, » = 0.434) and DVIM accuracy (Figure
4C, p = 0.0036, r = 0.4046), respectively. What's
more, as for the DVIM accuracy, we also found that it
negatively associated with ReHo of the right superior
frontal gyrus (Figure 4D, p = 0.0178, » = -0.3362) and

the left amygdala (Figure 4E, p = 0.0444, r = -0.2862),
respectively.

4. Discussion

Considering that the principal confounding factors were
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Table 3. Regions showing significantly different GMYV by comparing exposure and control group

MNI coordinate (mm)
Brain region R/L Volume (m”) Peak T value

Exposure < Control

Hippocampus/Hippocampus_L (aal) L -30 -19.5 -17 151 -4.219

Middle Frontal Gyrus/Frontal_Mid_R (aal) R 39 42 28.5 140 -4.373

Inferior Parietal Lobule/Parietal Inf R (aal) R 43.5 -48 39 109 -4.377
Exposure < Control

Caudate Body/Caudate L (aal) L -12 3 13.5 131 3.715

mm Con mm Exp

-
o
1

%%%%%##@
BaEBEOL0 s o

\&Q FILECLELL
\«Q‘QQ qf&@qf&@

Mean smReho values

Figure 2. Regional ReHo value changes in subjects in exposure groups compared with control group. (A) MNI x,y,z plot
and (B) BrainNet surface model shows that significantly increased areas were seen in Inferior Temporal Gyrus (R-ITG) and the
left Cingulate Gyrus (L-CIN). Significantly decreased areas were observed in the left hippocampus (L-HIPPO), the left amygdala
(L-AMY), the left thalamus (L-TH), the right middle frontal gyrus (R-MFG) and the right superior frontal gyrus (R-SFG). The
red areas indicate high GMV brain regions and the blue areas indicate lower ones (#-test, |f> 2.70, p < 0.01, AlphaSim corrected).
(C) The mean smoothed ReHo values between the exposure and the control group subjects.

Table 4. Regions showing significantly different ReHo by comparing Control and Experiment group

MNI coordinate (mm)

Brain region R/L Volume (m”) Peak T value
X y z

Exposure < Control

Amygdala/Amygdala L (aal) L -28 0 -20 3645 -3.440
Hippocampus/Hippocampus_L (aal) L -32 -18 -12 1863 -3.369
Thalamus/Thalamus_L (aal) L -20 -20 12 2727 -3.369
Middle Frontal Gyrus/Frontal Mid R (aal) R 42 28 50 4266 -4.108
Superior Frontal Gyrus/Frontal Sup R (aal) R 24 58 30 2187 -4.021
Middle Frontal Gyrus/Frontal Mid_Orb_R (aal) R 32 48 -8 2592 -3.269
Exposure > Control
Cingulate Gyrus/Cingulum_Mid L (aal) L -6 -18 38 2160 4.118
Inferior Temporal Gyrus/Temporal Inf R (aal) R 56 -58 =22 2727 4.082
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Table 5. Regions showing significantly different ALFF/fALFF by comparing Control and Experiment group

MNI coordinate (mm)

Brain region R/L n v S Volume (m®) Peak T value
ALFF
Exposure < Control
Superior Temporal Gyrus/Temporal Sup L (aal) L -46 -18 -20 149 -3.711
Hippocampus/Hippocampus_L (aal) L -28 2 -10 255 -4.561
Thalamus/Thalamus_L (aal) L -18 -24 10 200 -3.956
Exposure > Control
Postcentral Gyrus/Postcentral R (aal) (Brodmann area 6, 22, 42, 43) R 62 -4 12 126 3.935
fALFF
Exposure < Control
Pons/Brainstem - -4 -18 -40 132 -4.940
Occipital Lobe/Occipital Mid L (aal) L -22 -68 16 150 -4.061
Middle Temporal Gyrus/Temporal_Mid_L (aal) L -48 -76 8 128 -3.761
Superior Frontal Gyrus/Frontal Sup L (aal) L -14 28 58 198 -4.786
Exposure > Control
Cerebellum Posterior Lobe/Cerebelum_Crusl R (aal) R 26 -92 -30 218 4316

A L-HIPPO R-PostC

Figure 3. ALFF/fALFF signal changes in subjects in exposure group compared with control group. (A) MNI x,y,z plot and
(B) BrainNet surface model showed that significantly decreased areas in ALFF analysis were found in the left superior temporal
gyrus (L-STG), the left hippocampus (L-HIPPO) and the left thalamus (L-TH); And that significantly decreased areas in ALFF
analysis were found in the postcentral gyrus (Brodmann area 6, 22, 42, 43). (C) MNI x,y,z plot and (D) BrainNet surface model
showed that significantly decreased areas in fALFF analysis were found in Pons, the right occipital Lobe (L-MOL), and also the
left middle temporal gyrus (L-MTG) and the superior frontal gyrus (L-STG); significantly increased areas in fALFF analysis

were found in the cerebellum posterior lobe.

excluded from the study and that pilots and controls
investigated were matched by age, working life and
education status, the above-mentioned results suggest
that exposure to aircraft noise in military pilots may
lead to working memory impairment as well as brain

structural and functional alteration.

In this study, we found that the DVBM and DVIM
accuracies of military pilots were significantly lower
than those of control military officers, indicating that
long-term aircraft noise exposure may cast a detrimental
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Figure 4. Scatterplots of significantly correlated DVBM/DVIM scores derived from the behavioral experiment against the
neuroimaging parameters. (A) Scatterplot of DVIM scores against the GMV of left hippocampus (L-HIP). (B) Scatterplot of
DVBM scores against the ReHo value of left hippocampus (L-HIP) (C) Scatterplot of DVIM scores against the ReHo value of left
hippocampus (L-HIP) (D) Scatterplot of DVBM scores against the ReHo value of the right superior frontal gyrus (R-SFG). (E)
Scatterplot of DVIM scores against the ReHo value of the left amygdala (L-AMY).

influence upon the working memory of humans. This
result is consistent with earlier studies corroborating
that noise exposure leads to memory impairment for
both humans and non-human animals. Kempen et al.
demonstrated that children attending schools with
higher road or aircraft noise levels made significantly
more errors in switching attention tests and digit
memory span tests (24). Similarly, Loganathan et al.
found an adverse effect of noise exposure on working
memory in rodents exposed to simulated noise (25).
Interestingly, significant differences between the two
groups were only found in DVBM\DVIM tests rather
than IVBM/IVIM tests. According to earlier studies,
in the Munich Airport Study, Evans et al. found that
children from noise exposed communities had more
errors on a difficult subscale of German standardized
reading tests than children from quiet communities;
while the two groups did not differ on easy and
intermediate portions of the test (26). Considering that
DVBM\DVIM tests were more difficult than IVBM/
IVIM, it can be concluded that performance on complex
memory tasks is more susceptible to the effects of noise
than performance on simple tasks.

By resting functional imaging analysis, we found
decreased GMV, ReHo and ALFF in left hippocampi,
indicating potential neuron loss and disrupted local
functionality in these brain regions. Hippocampus is a

medial temporal lobe structure which plays an important
role in working memory (27). Adult hippocampal
neurons are balanced by three main cellular events:
cell proliferation, neuronal differentiation, and cell
survival (28). According to previous studies, chronic
hyperactivity of HPA-axis induced by noise stress can
elevate the hippocampal corticosteroid receptors, lead
to reduced hippocampal neurogenesis, cell proliferation,
and impaired spatial memory in rodents (29,30). Besides,
long-lasting elevated corticosterone levels also lead to
increased apoptosis in the dentate gyrus of hippocampus,
which has been shown in mice exposed to noise (3/).
Thus, we posit that neuron loss in hippocampi may be
caused by reduced neurogenesis and proliferation as well
as elevated cellular apoptosis under stress. Furthermore,
noise exposure leads to abnormal synaptic plasticity
in the structure and function of the hippocampus,
temporal lobe, and amygdala. Noise also increases
norepinephrine/noradrenaline (NE) and dopamine (DA)
levels in hippocampus, while decreases serotonin 5
hydroxyindoleacetic acid (serotonin 5-HT) level (32).
We inferred these alterations of synaptic plasticity and
neurotransmitters may be contributing to the neural
dysfunctionality in hippocampi we found in this study
and lead to impaired learning and memory behavior.

The hippocampus is part of the limbic system, and
plays important roles in the consolidation of information
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from short-term memory to long-term memory, and in
spatial memory that enables navigation (27). Neuron
loss in hippocampus leads to memory impairment in
aging and various neuropsychological disorders. For
instance, previous VBM studies indicated that atrophy
and neuron loss in hippocampus can significantly predict
memory recall & storage performances in behavioral
frontotemporal dementia, which is in accordance with
our findings (33). Furthermore, similar to our results,
decreased ReHo and ALFF in hippocampus were
also observed in mild cognitive impairment patients
compared to normal controls, which lead to increased
errors in spatially-related memory tasks (34). Taken
together, the structural and functional abnormalities
noted in hippocampus in this study may be the key to
working impairment under long-term aircraft noise
exposure, which was further corroborated by the
significant positive correlations between the DVBM\
DVIM accuracies and the ReHo in the left hippocampus.

In this study, by resting functional imaging analysis,
reduced neural activities were also found in left
amygdala, left thalamus, left superior temporal gyrus
and right superior/middle frontal gyrus. Amygdala,
hippocampus, and frontal cortex are essential
components of the neural circuitry mediating stress
responses. The amygdala provides a primary association
between subcortical areas, which are responsible for
producing fear, and cerebral cortical areas receiving
sensory information about the external environment
(35). There is evidence of noise stress induced
activation of the HPA-axis, amygdala, and other brain
circuits and in producing abnormalities in timid and
emotional or anxiety-like behaviors (36). Herein, we
inferred that the functional alteration in these regions
may be the result of HPA-axis hyperactivity.

In the meantime, we also found that the GMV of the
left caudate body significantly increased in the exposure
group. The basal ganglia have traditionally been
viewed as motor processing nuclei; however, functional
neuroimaging evidence has implicated these structures
in more complex cognitive and affective processes that
are fundamental for a range of human activities (37).
In our analysis, however, the left caudate body GMV
change did not correlate with the working memory
score, suggesting that it may not function on working
memory in cognitive function. Further research will
discuss the possible relation of basal ganglia with other
motor or cognitive function.

Interestingly, we found more noise induced neuron
loss and neural dysfunction in left cerebrum, in
comparison with the right side. Brain damage would
be more likely to affect the left hemisphere in both
childhood or adulthood, including epilepsy and stroke.
According to radiological studies, there would be a
biological basis for the higher vulnerability of the left
hemisphere. The main pathogenetic factor seems to
be a hemodynamic one, responsible for insufficient

blood supply to the left hemisphere (38). The left
hemisphere is also more vulnerable to traumatic stress
and environmental stress. For example, Zhang et al.
reported decreased GMYV in the left hemisphere in
flood disaster survivors with recent onset posttraumatic
stress disorder (39), while Chen et al. observed both
neuron loss and disrupted neural activities in the left
hemisphere (rather than right hemisphere) after chronic
hypoxia exposure (/0), which is consistent with our
results. We inferred that detrimental noise exposure may
induce hemodynamic changes in the left hemisphere,
and thus make it more vulnerable to the structural and
functional abnormality.

Some limitations of the study must be recognized.
First, like other population studies on noise stress, the
neurobehavioral and neuroimaging findings in this
study may be influenced by individual factors, ever-
changing environments and co-exposure to other
environmental pollutants or toxicants. To solve this
problem, the potential confounding factors like age,
work life and education status have been matched in
the two groups. Besides, the subjects in exposure and
control group were all enrolled from air force units and
their education and work experience were quite similar
to each other. A further study should be conducted
to reveal the dose-effect relationship between the
neurobehavioral impairment and neuroimaging
abnormality. Second, the sample size of this study is
relatively small, which should be expanded in future
studies.

In conclusion, the current study demonstrates that
long-term aircraft noise may lead to working memory
impairment in jet fighter pilots. The hippocampus and
other cognition region displayed both neuron loss and
reduced local neural activities under chronic noise
stress, which were further proved to be associated
with neurobehavioral performance. Taken together,
the detrimental impact of aircraft noise exposure on
cognition should be considered in health maintenance
of military pilots. A dysfunctional hippocampus
may serve as structural and functional bases for
neuropsychological impairment under exposure.
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Mutation analysis of the SLC26A44 gene in three Chinese families
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In order to investigate the genetic causes of hearing loss in a Chinese proband (in Family
A) with enlarged vestibular aqueduct (EVA) and to investigate the genotype of two Chinese
probands with SLC26A44 singe-allelic mutation and normal hearing (in Families B and C,
respectively), the three probands and their parents were clinically and genetically evaluated.
Twenty exons and flanking splice sites of the SLC2644 gene were screened for pathogenic
mutations via amplification with PCR and bidirectional sequencing. As controls, a group of
400 healthy newborns from the same ethnic background underwent SLC26A44 gene screening
using the same method. The three probands all harbored two mutations in the SLC2644
gene in the form of compound heterozygosity. The genotypes of mutations in Families A, B,
and C are ¢.1211C>A/c.919-2A>G, ¢.1729G>A/¢c.919-2A>G, and ¢.1286C>A/c.919-2A>G,
respectively. The missense mutations ¢.1211C>A (p.T430Q) in exon 10 and ¢.1729G>A
(p.VS5771) in exon 16 are both reported for the first time and were absent in 400 healthy
newborns. ¢.1211C>A has Glutamine (GIn) at amino acid 430 instead of Threonine (Thr),
and ¢.1729G>A has Isoleucine (Ile) at amino acid 577 instead of Valine (Val). c.1286C>A, a
mutation previously reported in DVD and HGMD, was associated with Mondini deformity,
but a proband with the ¢.1286C>A mutation in this study was normal. This study has
demonstrated that the novel missense mutation ¢.1211C>A in compound heterozygosity with
¢.919-2A>G in the SLC26A44 gene is likely to be the cause of deafness in Family A. A novel
variant, ¢.1729G>A, was identified and is likely benign. The pathogenicity of the c.1286C>A
mutation warrants more in-depth study. These findings will broaden the spectrum of known
SLC26A44 mutations in the Chinese population, providing more information for genetic
counseling and diagnosis of hearing loss with EVA.

Summary

Keywords: SLC26A44, novel mutation, enlarged vestibular aqueduct

1. Introduction approximately 1-3%o (/). SLC2644 (OMIM 605646,
also called the PDS gene, NM_000441.1) maps on
7q22-31 (DFNB4 locus) (2) and encodes a 780-amino-
acid protein called pendrin, a member of the solute
carrier 26 protein family that functions as a chloride
iodide transporter in cell expression systems (3).
Mutations in the SLC2644 gene are known to vary by
region and ethnicity. Domestic data have indicated
that SLC26A4 is the second most common gene that

Deafness, which refers to various degrees of hearing
loss, is one of the most common sensory disorders.
The incidence of neonatal congenital deafness is
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causes nonsyndromic hearing loss (NSHL), accounting
for 14.5% (4). To date, about 539 mutations have been
identified. (http://www.hgmd.cf.ac.uk/ac/gene.php?
gene=SLC26A4). Mutations in the SLC26A4 gene
result in two typical phenotypes: i) the syndromic form,
called Pendred syndrome (PS) (OMIM 274600), that
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is characterized by hearing loss, goiter, and eventually
hypothyroidism, with/without EVA or other inner
ear malformations; i7) the nonsyndromic form, called
DFNB4 or nonsyndromic EVA (OMIM 600791) (when
EVA is present), that is characterized by hearing loss
with/without EVA or other inner ear malformations (5-
7).

Enlarged vestibular aqueduct (EVA) is an inner ear
malformation of the temporal bone that predisposes
patients to hearing loss from childhood as well as
vestibular symptoms. Individuals with mutations in the
SLC26A44 may exhibit hearing loss, as well as EVA,
at birth or during early childhood. Foreign data have
revealed about 16-83.9% of patients with EVA have bi-
allelic mutations in SLC2644 (including homozygous
mutations and compound heterozygous mutations).
Mono-allelic mutations in SLC26A44 are found in about
16-36% of patients with EVA (8-11). NSHL with EVA
is known to be typically characterized by congenital,
bilateral sensorineural hearing loss (SNHL), which
can be progressive and usually ranges from severe to
profound (/2).

Newborn genetic screening for deafness has been
conducted in Beijing since 2012, and greater numbers
of newborns with genes causing deafness have
been detected. Dai and Huang reported that genetic
screening of 180,469 infants revealed genes causing
deafness in 8,136 (4.508%) (13). In 2017, the current
authors' research team retrospectively analyzed 582
subjects with genetic mutations causing deafness
and summarized the relationship between genotype
and phenotype; results indicated that SLC2644 gene
mutations were mainly associated with high-frequency
hearing loss and profound-severe hearing loss (/4).
In addition, the SLC26A44 gene is known to be closely
associated with delayed-onset hearing loss and is often
detected in deaf populations. Zhu et al. reported that
the rate of homozygous and heterozygous mutations
in the SLC26A44 gene was 6.92% (22/318) and 18.55%
(59/318), respectively, in 318 students with NSHL in
Hebei Province, China (/5). Later, the current authors'
research group examined patients with a single-allele
SLC26A44 mutation revealed by newborn genetic
screening for deafness. Zhao et al. found a variant of
some type in 3.50% of these infants and a pathogenic
mutation in 2.96% (16). The current authors examined
patients with SLC26A44 bi-allelic mutations and found
a novel pathogenetic frameshift mutation, c¢.574delC
(p.Leul92Ter), in 2018 (/7). Later on, the current
authors' team investigated how the FOX1I/ and KCNJ10
genes were affected in infants with a single-allele
mutation in the SLC2644 gene. Results suggested that
individuals with an SLC26A44 single-allele mutation,
combined with FOXII or KCNJ10 gene mutations, do
not suffer hearing loss during infancy (/8).

Based on the studies mentioned above, the current
authors noticed that three families warrant study and

discussion. The current study investigated the SLC2644
gene in 4 members of one Chinese family with EVA
and 6 members of two Chinese families with norming
hearing. Two novel compound heterozygous mutations
in SLC26A44 were identified. The pathogenicity of the
c.1286C>A (p.A429E) missense mutation warrants
more in-depth study. The current findings will broaden
the spectrum of SLC2644 mutations in the Chinese
population.

2. Materials and Methods

Written informed consent was obtained from parents.
The protocol was in accordance with the principles of
the Declaration of Helsinki and was approved by the
Ethics Committee of Beijing Tongren Hospital, Capital
Medical University.

2.1. Subjects and clinical evaluation

One Chinese family with EVA and two Chinese
families with normal hearing were recruited by
Otolaryngology and Head and Neck Surgery, Beijing
Tongren Hospital (Beijing, China). The proband had
a ¢.919-2A>G single-allele mutation according to
genetic screening for deafness (15 variants in 4 genes,
including GJB2 c¢.235delC, ¢.299delAT, c.176dell6,
and ¢.35delG; GJB3 ¢.538C>T; SLC26A44 ¢.919-2A>G,
c.2168A>G, c.1174A>T, C.1226G>A, c.1229C>T,
c.1975G>C, ¢.2027T>A and c.IVS15+5G>A; and Mt
12SrRNA m.1555A>G and m.1494C>T). Clinical
evaluation was performed and included family history,
a detailed medical history, and a physical examination,
including thyroid sonography and a high-resolution
computed tomography (CT) scan of the temporal bone.
Four hundred unrelated Chinese newborns with normal
hearing were recruited as normal controls.

2.2. Mutation analysis

Genomic DNA was extracted from 2 mL of whole
blood from each patient, using the Blood DNA kit
(Tiangen Biotech, Beijing, China). Twenty exons
and flanking splice sites of the SLC2644 gene were
screened for mutations via amplification with PCR and
bidirectional sequencing. Variants were interpreted in
accordance with ACMG guidelines (/9).

2.3. Bioinformatics and validation of the variants

Sequence data were analyzed by aligning them with the
reference sequence of SLC2644 (NT _007933) from the
National Center for Biotechnology Information (NCBI)
using the software DNA Star 5.0. The 1000 Genomes
Project database (http://www.1000genomes.org/),
ClinVar (https://www.st-va.ncbi.nlm.nih.gov/clinvar/),
the dbSNP database of NCBI (http://www.ncbi.nlm.nih.
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gov/), and the Deafness Variation Database (http.//de
afnessvariationdatabase.org/) were used as references
to assess the novelty of the mutations found in this
study. Online tools including Mutation Taster, SIFT,
CADD (v1.3.1) and PolyPhen-2 were used to predict
the functional outcome of the variants. GERP and
Phylop were used to score the conservation of the
variants.

2.4. Auditory evaluation

Subjects underwent universal newborn hearing
screening and had specific results. A comprehensive
audiological evaluation was performed and included
pure tone audiometry (PTA), auditory brainstem
response (ABR), 40-Hz auditory event-related potential,
distortion product otoacoustic emission (DPOAE),
auditory steady-state response (ASSR), acoustic
immittance, and pediatric behavioral audiometry. The
hearing threshold was calculated as the average hearing
level at 0.5, 1.0, 2.0, and 4.0 k Hz according to the
1997 World Health Organization standard. The severity
of hearing impairment was defined as mild (26-40 dB),
moderate (41-60 dB), severe (61-80 dB), or profound
(> 80 dB). Owing to the young age of subjects, the

250 500 1000 2000

10

ABR threshold and/or ASSR were recorded, and mean
thresholds at frequencies in the 0.5-4 k Hz range were
averaged to obtain an approximation for the directional
conditioned reflex (20,21).

3. Results
3.1. Clinical, audiological, and imaging data

All members of the three families were negative for
systemic and thyroid disease, and physical examination
and otoscopy results were also normal. One subject
7 months of age in Family A had hearing loss, and
pure-tone audiometry revealed normal hearing in the
parents. This proband underwent universal neonatal
hearing screening (UNHS) and was diagnosed with
SNHL when first seen by a doctor at this Hospital
at four months of age. The threshold of ABR air-
conduction in the proband was 80 dB nHL on the right
and 50 dB nHL on the left. The proband had a type
"A" tympanogram, and the bilateral acoustic stapedial
reflex was not elicited. DPOAE elicited no response
from the patient in both ears. The results of objective
audiometry and visual reinforcement audiometry (VRA)
in the proband in Family A (4 months, 7 months, and
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Figure 1. Audiograms of the proband in Family A and his parents. Frequency in Hertz (Hz) is plotted on the x-axis and the
hearing level in decibels (dB HL and dB nHL) is plotted on the y-axis.
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Figure 2. CT scan of the temporal bone of three probands. (A) A CT scan of the temporal bone of the proband in Family A
(bilateral enlarged vestibular aqueducts); (B) A CT scan of the temporal bone of the proband in Family B; (C) A CT scan of the

temporal bone of the proband in Family C.
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Figure 3. Pedigree map of the three families. Squares and circles denote male and female patients, respectively. WT, wild type.

11 months of age, respectively) and PTA in her parents
are shown in Figure 1. A CT scan of the temporal
bone of the proband revealed bilateral EVA with a
vestibular aqueduct wider than 1.5 mm, pericochlear
lucency, dilation around the bottom, parietal fusion,
and paranasal sinusitis. She was diagnosed with
bilateral large vestibular aqueduct syndrome at seven
months of age according to the CT sacn (Figure 2A).
The probands in Families B and C underwent UNHS,
and were both found to have normal hearing at 3 and 6
months of age, respectively. These two probands both
a type "A" tympanogram. A CT scan of the temporal
bone was normal at 8 and 6 months of age, respectively
(Figure 2B and 2C).

3.2. Genetic analysis

Sequencing of SLC26A44 indicated that the proband in
Family A had compound heterozygosity of a ¢.919-
2A>G (IVS7-2A>G) (rs111033313) mutation in intron
7 and a c.1211C>A (p.T430Q) missense mutation in
exon 10. In addition, the father was a heterozygous
carrier of the ¢.919-2A>G mutation, and the mother
was a heterozygous carrier of the c.1211C>A
mutation. The genotypes of the proband in Families
B and C were ¢.1729G>A/c.919-2A>G compound
heterozygous mutations and c.1286C>A/c.919-2A>G
compound heterozygous mutations, respectively.
Figures 3 and 4 show the pedigree map of the three
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Figure 4. Sequence electropherograms of abnormal sequences from three probands in Families A, B and C.

Table 1. Prediction of variant effect using online tools

No Variant ACMG SIFT score  Polyphen-2 score ~ Mutation Taster score CADD score ~ GERP score  Phylop score
1 c.1211C>A LpP 0.003 0.949 0.998 28.4 5.1 3.261
2 c.1729G>A LB 1.0 1.0 0.999 23.0 5.72 7.679
3 c.1286C>A VUS 0.011 0.583 0.883 232 -1.65 -0.002

ACMG, American College of Medical Genetics; LP, likely pathogenic; LB, likely benign; VUS, variant of unknown significance.

families and sequence electropherograms of abnormal
sequences from three probands in Families A, B, and
C, respectively. The variants c.1211C>A (p.T430Q)
and c.1729G>A (p.V5771) were not present in ClinVar,
PubMed, Deafness Variation Database, dbSNP, the
1000 Genomes Project database, or HGMD and had
never been described in clinical reports. These two novel
mutations were not found in 400 healthy newborns. The
variant ¢.1286C>A(rs753269996), which has previously
been reported in DVD and HGMD, was associated
with Mondini deformity. The variant c.1211C>A has
Glutamine (Gln) at amino acid 430 instead of Threonine
(Thr), and ¢.1729G>A has Isoleucine (Ile) at amino acid
577 instead of Valine (Val).

3.3. Prediction of the functional outcome of variants

The effect of variants was predicted using SIFT,
Mutation Taster, Polyphen-2, CADD, GERP, and Phylop
(Table 1). The mutation ¢.1211C>A was predicted to be
"damaging" according to Polyphen-2 and SIFT, "discase
causing" according to Mutation Taster, and "conserved"
according to GERP and Phylop. The variant ¢.1729G>A
was predicted to be "tolerated" according to SIFT and

"nonconserved" according to GERP and Phylop.
4. Discussion

EVA is a genetically autosomal recessive disorder.
Subjects with bi-allelic mutations have earlier age of
onset, more severe deafness, more fluctuating hearing
loss, and a larger vestibular aqueduct than those without
mutations (22,23). EVA is known to be closely linked to
SLC26A44 mutations; variants are highly heterogenous
and differ among ethnic groups. p.V138F (c.412G>T)
is the most common mutation in the Czech population
(24). p.L236P (c.707T>C), p.T416P (c.1246A>C), and
IVS8+1G>A (c.1001+1G>A) are mainly detected in
Caucasians (25), and p.H723R (c.2168 A>Q) is mainly
detected in Koreans (26). The p.V609G (c.1826T>QG)
mutation and the IVS8+1G>A (¢.1001+1G>A) mutation
are predominantly found in the deaf population in South
America and North America, respectively (27). An
increasing number of novel mutations have been found
in Chinese patients as more genetic studies are reported.
c.919-2A>G (IVS7-2A>G) and p.H723R (c.2168A>G)
account for the majority of mutations in China (28).
The current study found that the proband's father
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and mother (the heterozygous carrier of ¢.919-2A>G
and c.1211C>A mutation, respectively) both had normal
hearing, and the proband with SLC26A44 compound
heterozygous mutations (c.1211C>A/c.919-2A>G) had
bilateral SNHL as well as bilateral EVA. Therefore,
genetic mutations were transmitted from the parents to
the offspring, and a distinction between the genotype
and phenotype was apparent. The splice-site mutation
of ¢.919-2A>G mentioned above is the most prevalent
pathogenic mutation of SLC26A44 in China. Another
mutation, c.1211C>A, is not present in ClinVar,
PubMed, or HGMD and has never been described
in clinical reports. Therefore, this is the first study to
report that the mutation is associated with EVA. This
mutation has highly conserved residues and is predicted
to be pathogenic. This mutation leads to a p.T430Q
switch at amino acid 430 in the cytoplasmic topological
domain. Therefore, the novel mutation discovered in
this study may impair the anion-transporting activity of
pendrin by altering the structure of the pendrin protein.
The c.1211C>A (p.T430Q) mutation is located in the
STAS domain which is included in members of the
SLC26A family to regulate the stability, trafficking,
and anion transport function of SLC26A family
proteins. The structural significance of this domain has
been substantiated by the disease-causing nature of
mutations in SLC26A family proteins. Therefore, the
novel mutation discovered in this study may be closely
related to hearing loss (29,30). According to ACMG
guidelines, ¢.1211C>A is likely to be pathogenic.

The patient with ¢.1729G>A/c.919-2A>G
compound heterozygous mutations had normal hearing
and a normal CT scan of the temporal bone, and
her father and mother (heterozygous carriers of the
c.919-2A>G and ¢.1729G>A (p.V5771) mutations,
respectively) also had normal hearing. This mutation
in exon 16 had not been previously reported and was
absent in 400 healthy newborns. It results in Isoleucine
(Ile) taking the place of Valine (Val) at amino acid 577.
The variant ¢.1729G>A was predicted to be "tolerated"
according to SIFT and "nonconserved" according to
GERP and Phylop. According to ACMG guidelines,
c.1211C>Ais likely to be benign.

The ¢.1286C>A (p.A429E) mutation is a
documented SNP (rs753269996). It was first reported
by Huang et al. in a study of extremely disparate
mutations in SLC2644 among Chinese patients with an
isolated Mondini deformity or EVA (37). They found
that one of the patients with inner ear malformations
carried the c.1286C>A mutation. The mutation affected
residues that are conserved among SLC26A44 orthologs
[Mus (mouse)] and were not present in a screen of 50
patients without inner ear malformations and 200 normal
Chinese controls in a study by Yuan et al., suggesting
that this mutation is likely to be pathogenic (32). In the
current study, however, the proband with ¢.1286C>A/
c.919-2A>G compound heterozygous mutations

currently has normal hearing and a normal CT scan of
the temporal bone. His father and mother (heterozygous
carriers of the ¢.1286C>A and ¢.919-2A>G mutations,
respectively) also had normal hearing. Therefore, the
pathogenicity of the ¢.1286C>A mutation warrants
more in-depth study.

The current study analyzed the pathogenicity of
three mutations in the SLC2644 gene in combination
with clinical data. A possible follow-up would involve
construction of a plasmid containing the corresponding
SLC26A4 mutants to verify protein expression at the
cellular level.

5. Conclusion

This study has demonstrated that the novel missense
mutation ¢.1211C>A in compound heterozygosity
with ¢.919-2A>G in the SLC26A44 gene is likely to be
the cause of deafness in Family A. A novel variant,
c.1729G>A, was identified and is likely benign. The
pathogenicity of the c.1286C>A mutation warrants
more in-depth study. The current findings have
broadened the spectrum of known SLC26A44 mutations
in the Chinese population, providing more information
for genetic counseling and diagnosis of hearing loss
with EVA.
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Hepatitis B virus recurrence after living donor liver transplantation
of anti-HBc-positive grafts: A 22-year experience at a single center

Sung Kwan Bae', Nobuhisa Akamatsu'’, Junichi Togashi'?, Akihiko Ichida’,

Takuya Kawahara®’, Harufumi Maki’, Yujiro Nishioka’, Takashi Kokudo’, Yuichiro Mihara’,
Yoshikuni Kawaguchiz, Takeaki Ishizawa’, Junichi Arita’, Junichi Kaneko’, Sumihito Tamura’,
Kiyoshi Hasegawa">™*

" Organ Transplantation Service, The University of Tokyo Hospital, Tokyo, Japan;
? Artificial Organ and Transplantation Division, Department of Surgery, The University of Tokyo, Tokyo, Japan;
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Summary The use of hepatitis B core antibody (anti-HBc)-positive grafts is one strategy for expanding
the donor pool for liver transplantation (LT). The aim of this study was to determine the risk
factors associated with hepatitis B virus (HBV) recurrence after living donor LT (LDLT)
of anti-HBc-positive grafts. From January 1996 to December 2018, a total of 609 LDLT
procedures were performed at our center. A retrospective review was performed for 31
patients (23 males and 8 females; median age = 47 years) who underwent LDLT for HBV-
unrelated liver disease from anti-HBc-positive donors. The factors associated with HBV
recurrence were evaluated and compared between the HBV recurrence and non-recurrence
groups. The median follow-up period after LT was 135 months (range, 6-273 months). Four
of 31 patients (12.9%) developed post-LT HBV recurrence. All four cases were HBV-naive
patients (anti-HBc-negative and Hepatitis B surface antibody-negative). The median interval
between LDLT and HBYV recurrence was 42 months (range, 20-51). The overall actuarial rates
of HBV recurrence at 1, 3, 5, 10, and 20 years were 0%, 7.2%, 15.7%, 15.7%, and 15.7%,
respectively. Although there were no significant differences between the HBV recurrence and
non-recurrence groups, HBV recurrence tended to occur in HBV-naive recipients (P = 0.093).
HBV-naive status may contribute to HBV recurrence after LDLT for HBV-unrelated liver
disease from anti-HBc-positive donors. Careful monitoring for serological HBV markers is
needed, particularly in this group.

Keywords: Liver transplantation, HBV recurrence, anti-HBc, HBIG, HBV-naive

1. Introduction

The current efforts to overcome the issue of organ
shortage include the use of marginal liver grafts, such as
those from hepatitis B core antibody (anti-HBc)-positive
donors. In Japan, the prevalence of resolved hepatitis B
virus (HBV) infection is 23.2%, which is much higher
than that in Western countries (/). However, resolved
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HBYV infections in donor livers may be reactivated in
hepatitis B s antigen (HBsAg)-negative recipients due
to post-liver transplantation (LT) immunosuppressive
therapy. Ideally, in order to prevent HBV transmission,
anti-HBc-positive donors should not be used at all.
However, one possible strategy for expanding the donor
pool is the use of anti-HBc-positive grafts for LT.
Previous studies have reported that, in the absence
of any prophylaxis, the probability of HBV infection
depends on the HBV serological status of the recipient
(2). A variety of prophylactic strategies have been used
in small patient series; however, an adequate consensus
has not been reached (3). Prophylactic strategies that
are currently used for LT from anti-HBc-positive
donors vary from the administration of hepatitis B
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immunoglobulin (HBIG) or nucleoside/tide analogues
(NAs) alone to combination therapy, depending on the
liver transplant centers (2,3). We previously reported
that HBIG monotherapy can prevent HBV infection
from anti-HBc-positive donors (4). However, the recent
practice guidelines indicate that lamivudine monotherapy
is the most cost-effective treatment, due to the low rates
of graft infection (< 3%) (5,6).

The aim of this study was to assess the incidence and
risk factors associated with HBV recurrence in HBsAg-
negative LDLT recipients of anti-HBc-positive grafts
over a period of 20 years.

2. Methods
2.1. Patients

From January 1996 to December 2018, a total of 609
LDLT procedures were performed at the University
of Tokyo Hospital. We retrospectively reviewed all
demographics and radiologic and laboratory data,
which had been gathered into a computerized database,
collected over this period. All donors were HBsAg-
negative. Among them, 55 (9.0%) were anti-HBc-
positive donors. Of the recipients of anti-HBc-positive
grafts, 33 were HBV-unrelated recipients. After 2
patients who were not followed up for at least 6 months
were excluded, 31 patients were enrolled in this study
(Figure 1). Patient data were censored at death or the
time of the last follow-up.

The study protocol complied with the Good Clinical
Practice Guidelines and the 1975 Declaration of Helsinki
and was approved by the Institutional Review Board at
the University of Tokyo Hospital.

2.2. Immunoprophylaxis

Postoperative prophylaxis consisted of HBIG
monotherapy. HBIG was administered at 10,000 U
intravenously during the anhepatic phase. HBIG was
administered once a month to keep the HBsAb level
above 200 IU/L during the first year and above 100 IU/L
thereafter (4).

2.3. Immunosuppression protocol

The details of the immunosuppression protocol
are described elsewhere (7). The post-transplant
immunosuppression regimen consisted of steroid and
tacrolimus, both of which were tapered gradually. The
targeted serum trough level of tacrolimus was 5 ng/mL,
and methylprednisolone was prescribed at a dose of 0.05
mg/kg more than 1 year after LT.

2.4. Serological monitoring

The recurrence of the HBV was defined as the

Living donor liver transplantation
January 1996-December 2018
n =609

Recipients of anti-HBc
negative grafts
n =554

——p

\ 4
Recipients of anti-HBc
positive grafts
n=55

HBsAg-positive recipients
n=22

Follow-up < 6 months

' n=2

v

HBsAg-negative recipients
of anti-HBc positive grafts
n=31

Figure 1. Flow diagram of the patients enrolled in the
present study.

development of positive HBsAg and/or HBV DNA after
LT (2). Standard biochemical tests of the liver function
were performed at each follow-up visit. Measurements
of HBsAg, Hepatitis B surface antibody (anti-HBs),
and anti-HBc were carried out in the University of
Tokyo Hospital using commercial chemiluminescent
immunoassay (CLIA) kits in the ARCHITECT
ANALYSER 12000 (Abbott Japan Co., Ltd., Tokyo,
Japan). The sensitivity of the HBsAg assay ranged
from 0.05 to 250 IU/mL. Specimens with an HBsAg
value exceeding 250 IU/mL were diluted to 1:500 using
a diluent recommended by the manufacturer, and the
exact concentration of the samples has been measured
since 2014. The sensitivity of the anti-HBs assay ranged
from 6.0 to 1,000 mIU/mL. Until 2006, anti-HBc was
measured using a microparticle enzyme immunoassay
(MEIA, AxSYM System; Abbott Japan Co., Ltd.) in
which samples with INH% values > 61% were regarded
as positive, while those with values < 40% were
regarded as negative. Between 2006 and 2008, anti-
HBc was measured by a chemiluminescence enzyme-
immunoassay (CLEIA) (Fujirebio, Tokyo, Japan),
in which samples with INH% values > 50% were
regarded as positive, while those with values < 50%
were regarded as negative. Since 2008, anti-HBc was
measured using the CLIA method, in which samples
with S/CO values > 1.0 were regarded as positive, while
those with values < 1.0 were regarded as negative. The
HBV DNA levels were quantified with a transcription-
mediated amplification assay (Mitsubishi Chemical
Medience, Tokyo, Japan), which has a detection range
of 3.7-8.7 log genome equivalents (LGE)/mL, until
March 2004. Thereafter, all HBV DNA levels were
quantified using the COBAS Amplicor HBV Monitor
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Test (Roche Diagnostics, Tokyo, Japan), which has a
dynamic range of 2.6 to 7.6 log copies/mL, or COBAS
TagMan HBV Test v2.0 (Roche Diagnostics), which
has a dynamic range of 2.1 to 9.0 log copies/mL (1.3 to
8.2 log IU/mL).

2.5. Vaccination

Among the subjects of the study, five patients were
vaccinated in accordance with the one-year HBV
vaccination protocol (8). After completion of the one-
year vaccination protocol, patients were followed for
an additional two years, with monthly measurements
of the HBsAD titer and records of the required dose of
HBIG for each patient in order to clarify the long-term
efficacy of vaccination.

2.6. Statistical analyses

Table 1. Patient demographics

Recipients of anti-HBc-positive

Items
grafts (n =31)
Age (years) 47 (0-64)
Sex, male/female 23/8
Primary disease
HCV-cirrhosis 13 (42%)
Primary biliary cirrhosis 6 (19%)
Biliary atresia 4 (13%)
Alcoholic cirrhosis 3 (10%)
Others 5(16%)
Pretransplant HBV status
HBsAg positivity 0 (0%)
Anti-HBc/anti-HBs
-/- (HBV naive) 18 (58%)
++ 6 (19%)
+/- 4 (13%)
-/+ 3 (10%)
HBIG prophylaxis, yes/no 24/7
HBYV vaccination, yes/no 526
Median follow-up period (months) 135 (6-273)

Qualitative variables are expressed as the numbers of patients, with
percentages in parentheses, and quantitative variables are expressed
as the medians, with ranges in parentheses. HCV, hepatitis C virus;
HBYV, hepatitis B virus; HBsAg, Hepatitis B surface Antigen; Anti-
HBc, hepatitis B core antibody; Anti-HBs, hepatitis B surface antibody;
HBIG, hepatitis B immunoglobulin.

We assessed the cumulative incidence of HBV
recurrence after LT and the overall survival with a
Kaplan-Meier curve. We calculated the hazard ratios
(HRs) for the time to HBV recurrence with the Cox
proportional hazards model using each potential
predictor as a covariate. The difference in the cumulative
incidence of HBV recurrence was evaluated by the log-
rank test. p < 0.05 was considered to indicate statistical
significance, and p < 0.1 was considered to indicate
a candidate potential predictor. Statistical analyses
were performed using the SPSS statistics version 23.0
software package (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Patient demographics

The patient characteristics are shown in Table 1. The
population comprised 23 men and 8 women, with
median age of 47 years old (range, 0-64 years old).
Primary diseases for LT in these patients were hepatitis
C virus-cirrhosis (n = 13), primary biliary cholangitis
(n = 6), biliary atresia (n = 4), alcoholic cirrhosis (n =
3), and others (n = 5). At the time of transplantation,
18 were HBV-naive (anti-HBc-negative and anti-HBs-
negative), 6 were anti-HBc-positive and anti-HBs-
positive, 4 were anti-HBc-positive, and 3 were anti-
HBs-positive. The median follow-up period after LT
was 135 months (range, 6-273 months).

3.2. Risk factors for HBV recurrence after LDLT

Four of the 31 patients (12.9%) developed post-
LT HBV recurrence (Table 2). All cases of HBV
recurrence were in HBV-naive patients and those under
HBIG prophylaxis. The overall actuarial rates of HBV
recurrence after LT at 1, 3, 5, 10, and 20 years were 0%,
7.4%, 15.7%, 15.7%, and 15.7%, respectively (Figure
2). Although there were no significant differences
between the HBV recurrence and non-recurrence
groups, HBV recurrence tended to occur in HBV-naive
recipients (Log-rank, P = 0.093) (hazard ratio [HR]
and confidence interval [CI]: not estimable due to non-

Table 2. The outcomes of patients with HBV recurrence after LT

At the time of HBV recurrence

No. Age/ Primary Pre-LT Anti-HBc HBV
gender disease HBV status titer of Prophylaxis . .
. Duration  Anti-HBs HBsAg HBV Peak
Anti-HBs/ donor G
ati-HBe  (INHY%) tomLT (mIU/mL) (IU/mL) DNA ALT
(months) (LC/mL)  (IUN)
1 29/F AIH -/- 95 HBIG 35 15 26.67 >7.6 116
2 53/M PBC -/- 92 HBIG, vaccination 20 90.7 1.18 8.9 186
3 52/M Alcoholic -/- 78 HBIG 49 15.7 197.04 3.9 125
4 47/M PBC -/- 91 HBIG 51 10 8.8 8.0 199

LT, liver transplantation; HBV, hepatitis B virus; Anti-HBs, hepatitis B surface antibody; Anti-HBc, hepatitis B core antibody; INH, inhibition;
HBsAg, Hepatitis B surface Antigen; PBC, primary biliary cholangitis; AIH, autoimmune hepatitis; HBIG, hepatitis B immunoglobulin; LAM,

lamivudine; ADV, adefovir; ETV, entecavir.
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convergence) (Table 3). The cumulative rates of post-
LT HBV recurrence in HBV naive recipients (n = 18)
at 1, 3, 5, 10, and 20 years were 0%, 12.2%, 25.7%,
25.7%, and 25.7%, respectively. By contrast, in the
anti-HBc- and/or anti-HBs-positive recipients (n = 13),
there were no cases of HBV recurrence throughout
the follow-up period (Figure 3). In the 24 recipients
receiving HBIG prophylaxis according to our center's
protocol, there were no significant differences between
the HBV recurrence group and the non-recurrence
group (Table 4).

;\c? 60 1
5
&
5 401
©
o
C
o
3 20 (n=231)
o
3 ._I_’J
)]
I 0 A
0 5 10 15 20 25
Years
No. at risk 31 19 14 8 2 0

Figure 2. The cumulative overall rates of HBV recurrence
after LDLT of anti-HBc-positive grafts.

3.3. The overall survival after LT

The overall survival of the 31 recipients of anti-HBc-
positive grafts at 1, 3, 5, 10, and 20 years were 96.6%,
89.7%, 85.9%, 81.1%, and 81.1%, respectively (Figure
4). During the study period, five recipients died: one
from pulmonary embolism, and the remaining four
from HBV-unrelated graft failure.

3.4. Clinical course of the recipients with HBV
recurrence

K 80
B P=0.093
g 60
=
®©
(0]
2 40
o "
E HBV naive (n = 18)
3 20
> anti-HBc + and/or
m ; -
T o anti-HBs + (n = 13)
0 5 10 15 20 25
Years
No. atrisk HBV naive 18 10 9 6 2 0
Not naive 13 9 5 2 0 0

Figure 3. The cumulative rates of HBV recurrence after
LDLT of anti-HBc-positive grafts.

Table 3. Predictive factors associated with HBV recurrence after LT

Items HBYV recurrence (n = 4) HBYV non-recurrence (n = 27) HR 95% CI P
Age, < 50/> 50 years 2/2 14/13 0.975 0.137-6.928 0.980
Sex, male/female 3/1 20/7 0.905 0.094-8.711 0.931
HBIG prophylaxis, yes/no 4/0 20/7 NE NE 0.225
HBYV vaccination, yes/no 1/3 4/23 0.639 0.066-6.154 0.699
Pre-LT HBYV status

HBV-naive, yes/no 4/0 14/13 NE NE 0.093
Anti-HBc positive, yes/no 0/4 10/17 NE NE 0.148
Anti-HBs positive, yes/no 0/4 9/18 NE NE 0.212

Qualitative variables are expressed as the numbers of patients, with percentages in parentheses, and quantitative variables are expressed as the
medians, with ranges in parentheses. HBV, hepatitis B virus; HR, hazard ratio; CI, confidence interval; HBIG, hepatitis B immunoglobulin; LT,
liver transplantation; Anti-HBc, hepatitis B core antibody; Anti-HBs, hepatitis B surface antibody; NE, not estimable due to non-convergence.

Table 4. Predictive factors associated with HBV recurrence after LT under HBIG prophylaxis

Items HBYV recurrence (n = 4) HBYV non-recurrence (n = 20) HR 95% CI P
Age, < 50/> 50 years 2/2 8/12 0.572 0.080—4.068 0.576
Sex, male/female 3/1 14/6 1.359 0.141-3.093 0.791
HBYV vaccination, yes/no 1/3 4/16 1.052 0.109-10.134 0.965
Pre-LT HBV status

HBV-naive, yes/no 4/0 10/10 NE NE 0.106
Anti-HBc positive, yes/no 0/4 8/12 NE NE 0.137
Anti-HBs positive, yes/no 0/4 7/13 NE NE 0.224

Qualitative variables are expressed as the numbers of patients, with percentages in parentheses, and quantitative variables are expressed as the
medians, with ranges in parentheses. HBV, hepatitis B virus; HR, hazard ratio; CI, confidence interval; HBIG, hepatitis B immunoglobulin; LT,
liver transplantation; Anti-HBc, hepatitis B core antibody; Anti-HBs, hepatitis B surface antibody; NE, not estimable due to non-convergence.
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The clinical courses and outcomes of the recipients
with HBV recurrence are shown in Table 2 and
Figure 5. The median interval between LDLT and
the development of HBV recurrence was 42 months
(range, 20-51 months). At the time of HBV recurrence,
anti-HBs titers were maintained at 10-90.7 mIU/mL
despite positivity for HBsAg and HBV DNA. All
cases of HBV recurrence were treated with lamivudine
(LAM) or entecavir (ETV), with or without adefovir.
No grafts were lost due to post-LT HBV recurrence-
related events, and all cases were alive. Case 1
achieved HBsAg seroconversion after 18 months of
LAM administration. In cases 2 and 3, HBsAg turned
negative after 44 and 48 months of ETV administration
respectively. However, HBsAg seroconversion was
not achieved, and ETV was not discontinued. Case 4
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Figure 4. The cumulative survival in LDLT recipients.
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remained HBsAg-positive throughout the study period.
HBV DNA in these four cases was negative at the last
follow-up.

3.5. Outcomes of recipients not receiving HBIG
prophylaxis

Among the 31 patients, 7 did not receive HBIG
prophylaxis according to our center's protocol after
LDLT (Table 5). Of note, none of the 7 recipients
developed HBV recurrence after a median interval of
160 months (range, 37-273 months) post-LT. At the
time of transplantation, four were HBV-naive, one was
anti-HBs-positive, one was anti-HBc-positive, and one
was anti-HBs-positive and anti-HBc-positive. Cases
1-4 were the patients who underwent LT before starting
our HBIG prophylaxis protocol. Case 1 had achieved
immunotorelance after LT and has since discontinued
immunosuppressive drug use. Cases 2 and 3 were
censored because of transfer to another hospital with no
HBYV recurrence. Cases 5-7 had incidentally not been
administered HBIG prophylaxis; however, no patients
had HBV recurrence under immunosuppression.
They are now under close monitoring for HBV DNA
according to the Japanese guideline for preventing HBV
reactivation in patients receiving immunosuppressive
therapy or chemotherapy (9).

3.6. Vaccination

All five vaccinated patients received HBIG prophylaxis
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Figure 5. Clinical course of four patients with HBV recurrence after LDLT.
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Table 5. Characteristics of patients without HBV prophylaxis

Pret-LT HBV status

Age/ Primary . Anti-HBc Immuno-suppression Follow-up HBV
No. . Anti-HBs (mIU/ml) /. . Outcome
gender disease . titer of donor drug period (months)  recurrence
Anti-HBc (INH%)
1 4/F AGS -/- + Withdrawal 273 None Alive
2 0/M BA -/+ + CyA 59 None Transfer
3 0/M BA -/- + CyA 60 None Transfer
4 8/M BA -/- + FK 266 None Alive
5 46/M PBC 150/- 51 INH% FK 199 None Alive
6 55/M HCV 741/86 97 INH% CyA 160 None Alive
7 33/M BCS -/- 1.9 S/CO FK 37 None Alive

HBYV, hepatitis B virus; LT, liver transplantation; Anti-HBs, hepatitis B surface antibody; Anti-HBc, hepatitis B core antibody; AGS, Alagille
syndrome; BA, biliary atresia; PBC, primary biliary cholangitis; HCV, hepatitis C virus; BCS, Budd-Chiari syndrome; INH, inhibition; S/CO,

sample/cut-off; CyA, cyclosporine; FK, tacrolimus.

(8). Of them, 2 showed a good response to the
vaccination with an increase in the HBsAb titer (312
and 244 mIU/mL), and HBIG was discontinued
successfully. However, the remaining three patients
were poor responders, including one who had HBV
recurrence after vaccination (Figure 5, case 2).

4. Discussion

It is well known that HBV infection can be reactivated
in grafts from anti-HBc-positive donors at a frequency
that is related to the HBV serological status of the
recipient: in the absence of prophylaxis, this frequency
was highest in HBV-naive recipients (47.8%)
and lowest in anti-HBc¢ and/or anti-HBs positive
recipients (1.4-13.1%) (2). However, with HBIG
monoprophylaxis, the risk was decreased to 27% in
HBV-naive recipients and 0-5.8% in anti-HBc- and/
or anti-HBs-positive recipients. Furthermore, with
lamivudine monoprophylaxis, the risk was decreased to
3.4% in naive recipients and 0-4% in anti-HBc- and/or
anti-HBs-positive recipients (2).

In our center, HBIG monoprophylaxis has been the
conventional strategy for LT from anti-HBc-positive
donors (4). In the present study, the rate of HBV
recurrence under HBIG monoprophylaxis was 16.7%
(4 out of 24 patients) (Table 4), which was consistent
with the findings of previous reports (2). Overall results
showed that HBV recurrence tended to occur in HBV-
naive patients (Log-rank, P = 0.093) (Table 3). The rate
of HBV recurrence was 22.2% (4 out of 18 patients) in
the HBV-naive group and 0% in the anti-HBc- and/or
anti-HBs-positive group (0 out of 13 patients). These
results are also consistent with those of previous reports
2).

Two main reasons have been proposed for HBV
recurrence after LT: the discontinuation of HBIG
(10) and the emergence of anti-HBs escape mutants
(11,12). The mechanisms by which HBIG protects
the transplanted liver against HBV reinfection are
still unclear. One of the most prevalent theories is that
HBIG protects naive hepatocytes against HBV by

blocking a putative HBV receptor (/3,/4). Previous
studies have shown that recurrent hepatitis B during
the first six months after LT develops mainly due to
inadequate HBIG doses, whereas late recurrence is
caused usually by the selection of immune escape
mutants (/5-17). The most common escape mutation is
a glycine-to-arginine substitution at codon 145 of the
HBYV S protein (G145R) (/8), which results in reduced
binding to anti-HBs, allowing such viruses to escape
neutralization by HBIG. In our study, 4 patients had
HBYV recurrence after a median interval of 42 months
(range, 20-51 months) post-LT despite the continuous
administration of HBIG. In that respect, our results
suggest that all four of these cases may have had anti-
HBs escape mutations. However, our study is limited by
the fact that a sequence analysis of serum HBV DNA
was not performed at the time of HBV recurrence.

In our study, seven recipients did not receive the
HBIG prophylaxis protocol, as shown in Table 5.
Remarkably, however, HBV recurrence did not occur
in any of the seven cases. Cases 5 and 6 were patients
who had adequate anti-HBs titers before LT (150 and
741 mIU/mL, respectively) (/9). The latest EASL
clinical practice guideline recommends that prophylaxis
for HBV recurrence be performed immediately after
LT if recipients do not have anti-HBs (5). Furthermore,
Cholongitas et al. showed that recipients positive for
both anti-HBc and anti-HBs represent a group that can
safely receive anti-HBc-positive grafts without any
post-transplant HBV prophylaxis (2,20). In that respect,
cases 5 and 6 were recipients who did not need early
HBYV prophylaxis after LT. One proposed reason for
this is that patients with resolved HBV infection have
memory T-cells and various antibodies protecting
against the proliferation of HBV, including anti-HBs-
escape mutations (/6). However, case 7, who did not
have anti-HBs or anti-HBc, incidentally had not been
receiving HBV prophylaxis and yet experienced no
recurrence of HBV during the follow-up period. In
that case, the anti-HBc titer of the donor was relatively
low (1.9 S/CO). We previously reported that the titer
of anti-HBc may reflect the potential activity of HBV,
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even after HBsAg disappearance (27). The relationship
between the anti-HBc titer of the donor and HBV
recurrence after LT is still unclear, and further studies
will be necessary to clarify this issue.

The feasibility of HBV vaccination in post-LT
recipients is highly controversial. We previously
reported that a limited number of patients were able
to establish active immunity with our extended one-
year vaccination protocol, and the clinical indication
for HBV vaccination in LT recipients is currently
minimal (&). Ishigami et al. reported that although the
HBYV vaccine is an effective substitute for prophylaxis
against HBV reactivation after LT, frequent vaccination
may be a risk factor for producing escape mutants (/2).
In our study, two of five patients demonstrated a good
response to HBV vaccination. However, in Table 2
and Figure 5, case 2 developed HBV recurrence after
receiving the HBV vaccination protocol. Although
post-transplant HBV vaccination is an alternative that
may provide a chance to discontinue prophylaxis by
producing anti-HBs, close monitoring of serum HBV
markers is needed. Furthermore, based on the fact that
Japanese adults are not obligated to undergo HBV
vaccination (22), pre-transplant HBV vaccination is
crucial for potential recipients of LT in Japan (/9).

In Japan, although the use of HBIG is associated
with several issues, such as a high cost and the
emergence of escape mutant, HBIG monotherapy is
the dominant form of prophylaxis for HBV recurrence
after LT from anti-HBc-positive donors (4,16,23,24).
However, recent clinical practice guidelines of AASLD
and EASL recommend the administration of antiviral
therapy, such as LAM, ETV, tenofovir disoproxil
fumarate (TDF), or tenofovir alafenamide (TAF),
as these antiviral drugs function as cost-effective
treatments due to the low rates of HBV recurrence (<
3%) (5,6,25). We are still cautious for NAs especially
in the young for the potential risk of the emergence of
drug-resistant variants and unknown adverse reactions
due to their long-term use.

There are some limitations associated with our
study, including its retrospective design and relatively
small sample size. However, to our knowledge, this
study has the longest duration of follow-up among
studies analyzing LDLT recipients with anti-HBc-
positive grafts. Furthermore, our results indicated
the possibility of a tailor-made prophylactic antiviral
therapy for this specific group (20,26).

In conclusion, an HBV-naive status may contribute
to HBV recurrence after LDLT of anti-HBc-positive
grafts. We should remain cautious concerning the risk
of HBV recurrence, particularly in this group. In this
respect, pre-transplant HBV vaccination should be
recommended for candidate recipients of LT. Further
multicenter studies are needed in order to standardize
the prophylactic regimen for HBV recurrence after LT
with anti-HBc-positive grafts.
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Summary

Intraductal papillary mucinous neoplasm (IPMN) of the pancreas is no longer a rarely
diagnosed disease, because of the development of medical imaging. With a high incidence
of canceration, especially in the main duct type, surgery is strongly recommended.
Pancreatoduodenectomy, distal pancreatectomy and central pancreatectomy are applied in
those cases. For this potentially malignant disease, function-preserving surgery seems more
appropriate. An old female was enrolled in our research, who was diagnosed with IPMN.
Diameter of the main pancreatic duct (MPD) was > 5 mm and lesions distributed to the whole
pancreas. laparoscopic duodenum and spleen-preserving total pancreatoduodenectomy was
carried out, which has not reported previously. We successfully performed laparoscopic
duodenum and spleen-preserving total pancreatectomy, without major complications such
as severe pancreatic fistula, postoperative bleeding, and delayed ischemia of duodenum and
spleen. We consider laparoscopic duodenum and spleen-preserving total pancreatectomy is
technically feasible, but a large sample of randomized controlled trials is needed to evaluate
its safety, effectiveness and long-term outcome.

Keywords: Laparoscopy, function-preserving, total pancreatectomy, IPMN, pancreatoduodenectomy

1. Introduction

Although some consensus defined the surgical
indication for intraductal papillary mucinous neoplasm
(IPMN) as diameter of main pancreatic duct more
than 10 mm (/). However, it is still controversial,
Hackert et al. reported main duct type IPMN of the
pancreas is potentially malignant, especially when the
diameter of the main pancreatic duct (MPD) is > 5 mm
(2). To achieve radical resection in these cases, total
pancreatectomy (TP) is indicated. Laparoscopic TP is a
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complicated procedure that has been described recently
with resection of the spleen and/or duodenum (3-6).
However, function-preserving surgery, such as pylorus-
preserving pancreatoduodenectomy, is widely used
for benign, potentially malignant and even malignant
tumors of the pancreas (7). Laparoscopic spleen-
preserving distal pancreatectomy and laparoscopic
duodenum-preserving pancreatic head resection
(8,9) have been reported to treat benign or low-grade
malignant tumors respectively.

Here, we present a patient with main duct IPMN
treated with laparoscopic duodenum and spleen-
preserving TP, which has not published previously.

2. Materials and Methods
2.1. Characteristic of patient

A 68-year-old female patient was admitted to our
hospital because preoperative examination revealed
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ARTERIAL PHASE

VENOUS PHASE

Figure 1. Enhanced CT showed the lesions in different parts of pancreas in each phase.

pancreatic cystic lesions when she underwent
endoscopic submucosal dissection (ESD) for early
gastric cancer in another hospital 3 months previously.
Physical examination and laboratory workup, including
tumor markers, were all negative and she denied a
history of alcohol abuse.

2.2. Imaging outcome

Enhanced computed tomography (CT) demonstrated
(Figure 1) that there was a cystic solid lesion in the
pancreatic head, which connected with the MPD,
which was dilated. The lesion was not enhanced after
injection of contrast agent, and the left renal anterior
fascia was not thickened. The common bile duct (CBD)
was not dilated and no significantly enlarged lymph
nodes were found in the retroperitoneum. Endoscopic
ultrasonography (EUS) revealed that the pancreatic
duct at the tail of the pancreas was significantly
dilated, with a maximum inner diameter of 6.5 mm.
The pancreatic neck had a honeycomb-like non-echo
structure, smooth cystic wall, no mural nodules, and the
cystic solid lesion communicated with the MPD. The
diameter of pancreatic head MPD expanded to 5.5 mm,
and duodenal papilla were normal, and similar changes
were found on magnetic resonance imaging.

According to enhanced CT and EUS, the patient
was diagnosed with pancreatic IPMN of mixed type.
The lesion spread throughout the whole pancreas and
TP was indicated. However, for this borderline tumor,
function-preserving surgery was more appropriate
than TP. Based on our experience with laparoscopic
pancreatoduodenectomy and spleen-preserving distal

pancreatectomy, we decided to perform laparoscopic
duodenum and spleen-preserving TP. It was approved
by Ethics Committee of Zhejiang Provincial People’s
Hospital and had gotten written informed consent from
the patient.

2.3. Surgical procedure

The patient was placed in the reverse Trendelenburg
position with head raised to 30°. Pneumoperitoneum
was established in the umbilical incision with setting
pressure at 14 mmHg. The 5 trocars were placed ina V
shape. The gastrocolic and hepatogastric ligaments were
opened to visualize the pancreas. A catheter was used
to hang up the stomach through the abdominal wall.
Our procedure started with opening the retroperitoneum
at the upper edge of the pancreatic neck, and dividing
the initial part of the splenic artery and suspending
it with a fine rubber tape. Then, we opened the
retroperitoneum at the lower edge of the pancreas, near
the superior mesenteric vein (SMV). After establishing
a retropancreatic tunnel, the pancreatic neck was
suspended by a tape and transected by an ultrasonic
scalpel. After transection of the pancreatic neck, the
operation was divided into two steps: spleen-preserving
distal pancreatectomy and duodenum-preserving
pancreatic head resection.

2.3.1. Spleen-preserving distal pancreatectomy
After hanging the pancreatic neck by the atraumatic

grasper, we opened the pancreatic capsule along the
lower edge from proximal to distal, visualized the
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Figure 2. The structure after duodenum and spleen preserving total pancreatectomy.

splenic vein, and carefully dissected the branches of
the vein toward the pancreas and ligated them with a
hem-o-lok (Teleflex, USA.) clip. After disconnecting
all the branches attached to the splenic vein, we pulled
the pancreas to the tail side, which made it clearer to
expose the upper edge of the pancreas. We opened the
pancreatic capsule along the upper edge from proximal
to distal and pulled the initial part of the splenic artery,
which was suspended by a tape in the direction of
the head side, which ensured proper tension between
the distal pancreas and the splenic artery. As with the
splenic vein, we disconnected the branches from the
splenic artery to the pancreas. The distal pancreas was
resected completely.

2.3.2. Duodenum-preserving pancreatic head resection

After finishing distal pancreatectomy, we started
duodenum-preserving pancreatic head resection. We
turned the pancreatic neck to the right side, and divided
the space between the portal vein-SMV and pancreatic
head, some collateral branches toward the uncinate
process were dissected and sealed by hem-o-lok. We
dissected the tissue between the superior mesenteric
artery (SMA) and uncinate process, bipolar coagulation
and hem-o-lok were used to ligate or seal the small
branches from the SMA to the uncinate process. The
anterior capsule of the pancreas was opened at the
lower part of the pancreatic neck, and subcapsular
dissection was carried out. After the anterior inferior
pancreatoduodenal artery (AIPDA) was dissected and
ligated by hem-o-lok, the lower part of the pancreatic
head and uncinate process were separated by preserving
a small amount of pancreatic tissue to ensure the
integrity of the posterior inferior pancreatoduodenal
arterial (PIPDA) arcade. When the upper part of the
pancreatic head was separated, the lower CBD was
exposed and the terminal CBD was embedded in the
pancreas. The blood supply of the lower CBD came

from the posterior superior pancreatoduodenal artery
(PSPDA), which came from the gastroduodenal artery.
Maintenance of the integrity of the PSPDA was the key
to avoiding ischemia of the CBD and postoperative bile
leakage.

We followed the principle that from left to right,
from ventral to dorsal, preservation of some pancreatic
tissue would avoid injury to the posterior arcade along
the duodenum. When we reached the descending
duodenum, the MPD to the ampulla of Vater was
visualized, ligated and cut off. The pancreatic head
including the uncinate process was resected completely
(Figure 2), and the specimen was placed in a bag and
retrieved by an enlarged trocar incision. Two drainage
tubes were positioned on the wound surface of the
pancreas and Winslow hole, respectively.

3. Results and Discussion

Spleen-preserving and duodenum-preserving
laparoscopic TP was performed in 270 min, with 250
ml blood loss, without major complications including
postoperative bleeding, duodenal or splenic necrosis, or
delayed gastric emptying. On postoperative day (POD) 1,
the nasogastric tube was discontinued, and diabetic fluid
was started on POD 3. The drainage tube was withdrawn
on POD 7, when there was no evidence of bile and
pancreatic leakage. The patient’s hospital course was
uncomplicated and she was discharged home on POD
9. Pathological examination demonstrated mixed type
of IPMN with mild to moderate dysplasia. For insulin
regimen, we gave continuous insulin infusion during
fasting and adjusted the dosage according to the level of
fasting blood glucose. When oral feeding was resumed,
we gave quick-acting insulin before three meals and
long-acting insulin before bedtime, after obtaining the
opinion of an endocrinology consultant. Compound
digestive enzyme capsules were used in the substitution
therapy of external secretion function.
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We followed up the patient for 3 months, and
routine blood, biochemical and other indicators, and
glycosylated hemoglobin were in the normal range.
Enhanced CT was repeated 1 month after surgery, which
showed a small amount of normal pancreatic tissue
left surrounding the CBD, and no duodenal or splenic
ischemia.

MPD diameter 5-9.9 mm is the single best predictor
of high-grade or invasive main duct type IPMN, and is a
key indicator of surgical candidates (/0). MPD diameter
> 10 mm is identified as a high-risk stigmata for
malignancy in the Fukuoka guidelines (/). According
to the location of the lesion, pancreatoduodenectomy,
central pancreatectomy, distal pancreatectomy and TP
are available surgical procedures.

TP is a complicated and highly technically
demanding procedure, especially when performed
laparoscopically. Several studies have focused on
laparoscopic TP and demonstrated that it is a safe
procedure in selected patients. Chapman et al. reported
laparoscopic TP with spleen preservation for main duct
IPMN (3). Peng et al. reported 3 cases of TP for IPMN
and pancreatic neuroendocrine tumor, they resected the
whole pancreas and duodenum with preservation of the
pylorus and spleen (6).

Function-preserving pancreatic surgery was launched
recently, and provided patients with enhanced recovery
and low rate of postoperative complications (7).
Beger et al. reported duodenum-preserving pancreatic
head resection for pancreatic benign or low-grade
malignant lesions (/7). Cao et al. reported 12 cases of
laparoscopic duodenum-preserving total pancreatic
head resection (&). They transected the pancreatic neck
and performed subcapsular dissection to mobilize the
pancreatic head, and paid close attention to preserving
the anterior and/or posterior pancreatic duodenal arterial
arcade. Furthermore, Yamashita et al. reported the case
of resection of the second portion of the duodenum
but preserving the pancreas for a recurrent duodenal
adenocarcinoma patient (/2).

However, in most of the published studies, TP was
combined with duodenal and/or splenic resection, even
in some patients with benign or potentially malignant
lesions. There are no reports of laparoscopic TP with
both spleen and duodenum preservation.

Our center has experience of laparoscopic spleen-
preserving distal pancreatectomy and laparoscopic
duodenum-preserving pancreatic head resection over
100 cases in the past 5 years. These procedures have
been proved to be minimally invasive and patients have
better survival and quality of life postoperatively.

In the present case, we performed duodenum and
spleen-preserving TP. The duodenal papilla could be
seen at the intersection of the biliary, pancreatic and
alimentary tracts. Our procedure starts with transection
of the pancreatic neck, followed by two steps of spleen-
preserving distal pancreatectomy and duodenum-

preserving pancreatic head resection. The key feature of
spleen-preserving distal pancreatectomy is accurately
identifying the arterial branches of the splenic artery
(e.g. great pancreatic artery, transverse pancreatic artery,
or dorsal pancreatic artery) and venous branches toward
the pancreas. The small branches usually tear easily if
we hang the distal pancreas with too much tension, and
this is the most common reason for conversion to or
combination with splenectomy. We strongly recommend
transection of the pancreatic neck first, which facilitates
hanging the distal pancreas to visualize the space
between the splenic vessels and distal pancreas, by
excluding the limitation of the immobilized pancreatic
head. But in potentially malignant cases, the principle
of En bloc resection should be applied strictly.

Duodenum-preserving pancreatic head resection
is the best choice for treatment of benign and low-
grade malignant tumors, but it only can be carried
out in large centers. The duodenum has a poor blood
supply. Its feeding arteries are the anterior and posterior
arcades, which are formed by branches of the superior
pancreatoduodenal artery (SPDA) and IPDA. The
anterior SPDA (ASPDA) and AIPDA derive from the
anterior arcade, and the PSPDA and PIPDA from the
posterior arcade. Compared with the concomitant artery,
preservation of venous arcade is tougher because of thin
wall. The pancreatic head is covered by a capsule to
the front and in the rear, and this capsule is continuous
with the retroperitoneum, and surrounded by the
C-shaped duodenum and left margin of the portal vein.
In this space, we must preserve at least one arcade.
The anterior arcade is usually detached for further deep
dissection, and the posterior arcade must be preserved
carefully. Takada (/3) mentioned that the PSPDA is
important to avoid ischemia, and the retropancreatic
fascia (posterior capsule) and fibrotic tissue along the
CBD were preserved to ensure the blood supply. The
anterior capsule should be opened with ligation of the
initial part of the ASPDA and AIPDA, the posterior
capsule should be kept integrally for preserving PSPDA
and PIPDA. In addition, the segment of the Wirsung
duct (MPD) that converges into the ampulla should be
identified and sealed.

Laparoscopic duodenum and spleen-preserving TP
is a safe, feasible, function-preserving, novel surgical
procedure, and surgeons should implement spleen-
preserving distal pancreatectomy and duodenum-
preserving pancreatoduodenectomy. Surgeons who want
to implement this procedure should perform laparoscopic
spleen-preserving distal pancreatectomy or laparoscopic
duodenum-preserving pancreatic head resection, and
then laparoscopic duodenum and spleen-preserving TP.
The outcome from present single case or small numbers
of cases can only be suggestive, and further prospective
randomized studies are needed to obtain an objective
assessment of laparoscopic duodenum and spleen-
preserving TP.
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Summary

Cancer is a major public health issue in China, and effective anticancer drugs remain a
huge unmet need. Generic drugs have long been the main products of pharmaceutical
companies in China. In this decade, research on and development of innovative drugs has
greatly advanced thanks to policy reforms and economic growth. Five innovative anticancer
drugs - anlotinib, pyrotinib, fruquintinib, sintilimab, and toripalimab - that were developed
by Chinese domestic pharmaceutical companies were approved by the National Medical
Products Administration (NMPA) of China in 2018. Several novel anticancer drugs such as
avitinib, flumatinib, zanubrutinib, and ensartinib may also receive approval for marketing
in China in the near future. There are unprecedented opportunities for development of
innovative drugs in China. In the future, innovative drug development in China is poised to

shift from "me too" or ""me better" drugs to "first-in-class" or "best-in-class'" drugs.

Keywords: China, anticancer drug, molecularly targeted drug, immune checkpoint inhibitor

Cancer is the second leading cause of death globally
and was responsible for an estimated 9.6 million deaths
in 2018 according to data from the World Health
Organization (/). In China, there were approximately
4.3 million new cancer cases and 2.9 million cancer
deaths in 2018 (2). This represents a substantial demand
for novel anticancer drugs. Generic drugs have long
been the main products of pharmaceutical companies
in China due to their limited financial resources and
government drug policies. In this decade, economic
growth and the reform of drug policies have led to a
rapid increase in the number of innovative drugs, and
especially anticancer drugs, developed by Chinese
domestic pharmaceutical companies.

Molecularly targeted drugs (MTDs) and immune
checkpoint inhibitors (ICIs) are the focus of research
on and development of anticancer drugs. Since the year

Released online in J-STAGE as advance publication September
10, 2019.

*Address correspondence to:

Dr. Jianjun Gao, Department of Pharmacology, School of
Pharmacy, Qingdao University, 38 Dengzhou Road, Qingdao,
Shandong, China 266021.

E-mail: gaojj@qdu.edu.cn

2010, 6 MDTs - icotinib, apatinib, chidamide, anlotinib,
pyrotinib, and fruquintinib - and 3 ICIs - sintilimab,
toripalimab, and camrelizumab - have been approved by
the National Medical Products Administration (NMPA)
of China (Table 1). Icotinib, a first-generation epidermal
growth factor receptor (EGFR) tyrosine kinase inhibitor,
was approved in 2011 for use as monotherapy in patients
with non-small-cell lung cancer (NSCLC) with somatic
EGFR mutations. Icotinib won the State Scientific
and Technological Progress Award in 2015, and this
success represents a landmark in the field of drug
research and development in China. In 2017, icotinib
appeared to account for over a third of the Chinese
market share in lung cancer therapies since attaining
approval (3). In 2014, the NMPA approved apatinib
to treat late-stage gastric carcinoma and chidamide to
treat peripheral T-cell lymphoma. Both drugs are now
undergoing clinical trials for additional indications.
A recently completed phase 3 clinical trial showed
that chidamide plus exemestane achieved the primary
endpoint in patients with advanced, hormone receptor-
positive, HER2-negative breast cancer that progressed
after previous endocrine therapy (4). Based on these
promising results, an application for a new indication of
chidamide was submitted to the NMPA in November
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Table 1. The approved anticancer drugs originally developed by Chinese pharmaceutical companies since 2010

Drug Target(s) Indication(s) Developer Year
Icotinib EGFR Non-small-cell lung cancer Betta Pharmaceuticals 2011
Apatinib VEGFR Gastric cancer Hengrui Medicine 2014
Chidamide HDAC Peripheral T-cell lymphoma Chipscreen Biosciences 2014
Anlotinib VEGEFR, PDGEFR, c-Kit Non-small-cell lung cancer, alveolar soft Chiatai Tianqing 2018
part sarcoma, clear cell sarcoma
Pyrotinib EGFR, HER2 Breast cancer Hengrui Medicine 2018
Fruquintinib VEGFR Colorectal cancer Hutchison MediPharma 2018
Sintilimab PD-1 Hodgkin's lymphoma Innovent Biologics 2018
Toripalimab PD-1 Melanoma Suzhou Union Biopharm Biosciences 2018
Camrelizumab  PD-1 Hodgkin's lymphoma Hengrui Medicine 2019

EGFR, epidermal growth factor receptor; VEGFR, vascular endothelial growth factor receptor; HDAC, histone deacetylase; PDGFR, platelet-
derived growth factor receptor; HER2, human epidermal growth factor receptor 2; PD-1, programmed cell death protein 1.

2018. The year 2018 was a fruitful one for the Chinese
pharmaceutical industry since 5 innovative anticancer
drugs - anlotinib, pyrotinib, fruquintinib, sintilimab, and
toripalimab - were approved by the NMPA (Table 1).
Clinical trials of pyrotinib, fruquintinib, and toripalimab
are currently underway in the United States.

Good results are also expected in 2019. Camrelizumab
has already been approved. Applications for marketing
approval that were submitted in 2018 for several
anticancer drugs such as avitinib, flumatinib, zanubrutinib,
and ensartinib may soon receive approval. Avitinib is
a third-generation EGFR inhibitor designed to treat
patients with NSCLC who have developed resistance
to first-generation EGFR inhibitors and who have the
gatekeeper mutation of EGFR, T790M (5). The recently
disclosed results of a phase 2 clinical trial of avitinib
showed that the objective response rate was 50.2% and
the disease control rate was 88% in patients with EGFR
T790M+ NSCLC (6). An application for conditional
approval of avitinib was submitted to the NMPA.
Flumatinib is a selective inhibitor of BCR-ABLI1
designed for treatment of Philadelphia chromosome-
positive chronic myeloid leukemia in the chronic phase
(CML-CP) (7). Results from a phase 3 clinical trial
showed that flumatinib is comparable to imatinib in its
safety and superior in its efficacy profile at 3, 6, and 12
months, supporting flumatinib as a frontline treatment
option for patients with newly diagnosed CML-CP
(7). Zanubrutinib is an inhibitor of Bruton tyrosine
kinase (BTK) targeting B-cell malignancies such as
mantle cell lymphoma (MCL), chronic lymphocytic
leukemia, small lymphocytic lymphoma, Waldenstrom's
macroglobulinemia, and follicular lymphoma (8).
Zanubrutinib treatment had an overall response rate
of 84%, including a complete response rate of 59% in
patients with relapsed or refractory MCL in a phase
2 trial (9). Based on these findings, an application for
use of zanubrutinib to treat relapsed/refractory MCL
was submitted to the NMPA. Zanubrutinib was also
designated as a breakthrough therapy by the US Food
and Drug Administration in January 2019. Ensartinib is
a potent anaplastic lymphoma kinase (ALK) inhibitor

for potential treatment of NSCLC (/0). A phase 1/2
clinical trial showed that ensartinib treatment resulted
in a response rate of 60% and median progression-free
survival of 9.0 months in patients with ALK-positive
NSCLC (11). All of these drugs showing promising
clinical activity and manageable toxicity may benefit
select patients in the near future.

Rapid advances in the research on and development
of innovative drugs in China may be ascribed to the
following factors. From the perspective of national
policies, in recent years China has issued a series of
supporting policies in the field of innovative drugs,
such as reform of drug registration and classification,
implementation of a Marketing Authorization Holder
(MAH) system, priority review of innovative drugs,
compensation of the duration of a drug patent, and
enhancement of the protection of drug test data. A point
worth noting is that the government also implemented
a National Major Scientific and Technological Special
Project for "Significant New Drugs Development"
in 2008 (/2). All of these reforms have eliminated
policy obstacles and accelerated the speed of research
on and development of innovative drugs. In the eyes
of pharmaceutical companies, innovative drugs and
technologies have become a hot spot for capital
investment in China. Pharmaceutical companies such as
Chipscreen Biosciences, BeiGene, and Innovent have
announced obtaining a large amount of financing to
provide capital investment for novel drug development.
In addition, a large number of native and returning
Chinese professionals have become a reliable human
resource for drug development. Thus, there are
unprecedented opportunities in China for innovative
drug development thanks to the promotion of policies,
capital, and qualified personnel. In the future, drug
development in China is poised to shift from generic,
"me too" or "me better" drugs to "first-in-class" or "best-
in-class" drugs.
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