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Intractable and rare diseases research in Asia

Peipei Song, Jianjun Gao, Yoshinori Inagaki, Norihiro Kokudo, Wei Tang™

Department of Surgery, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan.

Summary

Intractable and rare diseases are an important public health issue and a challenge to
medical care. In recent years, much progress has been made in the United States (US),
the European Union (EU), and some parts of Asia including Japan, South Korea, and
Taiwan, involving specific legislation to encourage discovery and development of orphan
drugs, patients' advocacy organizations to provide vast information on intractable and
rare diseases and improve patients' access to healthcare, special research programs to
strengthen basic and applied research on intractable and rare diseases, and so on. While
China is also actively promoting regulation of intractable and rare diseases, but still
lags far behind the US, EU, Japan, and other countries and regions with orphan drug
legislation. Based on systematic analysis of the current status and future perspectives
for intractable and rare diseases in Asia, we recommend that three important aspects
of support from government, patients' advocacy organizations and rare disease registry
networks, special research programs and global information exchange platform, should
be given great attention in promoting the development of intractable and rare diseases

research in Asian countries.

Keywords: Orphan diseases, orphan drugs, legislation, regulation

1. Introduction

Rare diseases are rare and often debilitating or
even life-threatening diseases or conditions with a
prevalence of less than 0.65%o-1%o, as defined by
the World Health Organization (WHO). Intractable
diseases mainly refer to rare diseases that have
resulted mostly from unidentifiable causes and/or lack
of clearly established or curable treatments. Intractable
and rare diseases are an important public health issue
and a challenge to medical care. In recent years, much
progress has been made especially in the United States
(US) and the European Union (EU), involving specific
legislation to encourage discovery and development
of orphan drugs, patients' advocacy organizations
to provide vast information on intractable and rare
diseases and improve patients' access to healthcare,
special research programs to strengthen basic and
applied research on intractable and rare diseases,

*Address correspondence to:

Dr. Wei Tang, Department of Surgery, Graduate School
of Medicine, The University of Tokyo, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113-8655, Japan.

E-mail: tang-sur@h.u-tokyo.ac.jp

and so on. In Asia, Japan, South Korea, and Taiwan
have established systematic economic and regulatory
incentives to encourage development of drugs for
intractable and rare diseases. China is also actively
promoting regulation of intractable and rare diseases,
but it has not been included in the national health
system and special legislation on orphan drugs has
not been established until now. We did a systematic
analysis on current status and future perspectives for
intractable and rare diseases in Asia (/), which showed
that three important aspects should be given great
attention in promoting development of intractable and
rare diseases research in Asian countries (Figure 1).

2. The support from government

The first aspect is support from government. It should
include not only specific legislation to encourage
manufacturers to develop orphan drugs, but also a
sound supply mechanism and reimbursement system
to ensure access to orphan drugs for patients with
intractable and rare diseases. In Western countries,
specific legislation on orphan drugs was first
established in the US in 1983, then Australia in
1997, and the EU in 1999. In Asian countries and
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Figure 1. Three important supports in improving intractable and rare diseases in Asia.

regions, similar laws have also been established in
Japan in 1993, Taiwan in 2000, and South Korea in
2003 (2-4). Incentives include financial subsidies,
market exclusivity, tax credits, fee waivers, fast
track approval, and protocol assistance, resulting in
substantial improvements in treatment of patients with
a range of intractable and rare diseases.

Furthermore, many measures for pricing and
reimbursement have been taken to ensure access to
orphan drugs for patients with intractable and rare
diseases. For example, in Japan, the Japanese National
Health Insurance (NHI) negotiates prices with
pharmaceutical companies once a drug is approved
for use, allowing a selling price of cost plus 10% for
orphan drugs; 56 of 130 designated diseases in Japan
are subject to reimbursement of medical expenses,
with 30% of expenses paid by insurance companies
and the rest paid by national and prefectures
governments (5). In Taiwan, 77 approved orphan
drugs and 40 special nutritional supplements can be
imported, and the reimbursement cap is 70% of actual
expenses but families that qualify for low-income
status can receive reimbursement for up to 100%
of drugs and nutritional supplements for patients
(6). While China is actively preparing to regulate
development of orphan drugs, but specific legislation
on orphan drugs has not been established, current
regulations only set forth general criteria to accelerate
registration and approval of orphan drugs, detailed
rules have not been implemented and incentives on
orphan drugs imports have not been proposed until
now. Moreover, although some regions, such as
Shanghai and Shandong, have started to put out a
trial use for reimbursement, the nationwide supply
mechanism and reimbursement system have not been
established, hampering access to orphan drugs for
patients with intractable and rare diseases.

3. Social support

The second aspect is social support from patients'
advocacy organizations and rare disease registry
networks. It could provide quality information and
a networking system to facilitate interaction among
patients, clinicians, researchers, the pharmaceutical
industry, and governmental bodies. Major patients'
advocacy organizations in Western countries, such
as the National Organization for Rare Disorders
(NORD) in the US and the European Organization for
Rare Diseases (EURORDIS) in Europe, can provide
vast information on intractable and rare diseases
and improve patients' access to healthcare. In Asia,
many patients' advocacy organizations have also been
established, such as the Japanese Intractable Disease
Information Center (http://www.nanbyou.or.jp),
the South Korean Organization for Rare Diseases
(http://www.kord.or.kr), the Taiwan Foundation for
Rare Disorders (TFRD) (http://www.tfrd.org.tw),
the Hemophilia Home of China (HHC) (http://www.
xueyou.org/china), and so on.

In recent years, progress has been made in
dissemination of knowledge and information
by established patients' advocacy organizations
worldwide, but clinical studies on orphan drugs
still encounter challenges due to the small size of
the trial population and the fact that patients are
often geographically dispersed. It is necessary to
establish a global system for patient registration in
order to promote epidemiological and basic research
and improve the clinical outcome for patients with
intractable and rare diseases (7). In Western countries,
some web-based resources have been established,
such as the Rare Diseases Clinical Research Network
(RDCRN) in the US and the Orphanet in Europe, with
the purpose of facilitating collaboration on clinical
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outcomes as well as sharing advanced experience to
minimize delays in access to orphan drugs for patients
with intractable and rare diseases. In Asian countries,
there are also many explorations on rare disease
registry networks, for example, in China, a patients'
advocacy organization of the China-Dolls Care and
Support Association started voluntary registration in
May 2010 and has registered 30 rare diseases with
3,000 cases, about 1,000 of which are osteogenesis
imperfecta (8). Moreover, a comprehensive online
database for registration of rare diseases cases has
been created in 2012 (http://www.chinards.com),
clinical data on around 50 types of rare diseases will
be registered (9).

4. Support from special research

The third aspect is support from special research
programs and the global information exchange
platform. Special research programs strengthening
basic and applied research on intractable and rare
diseases would benefit patients with better diagnosis
and more treatment choices. In Western countries,
many special research centers or projects have been
established to support research on rare diseases and
development of orphan drugs, such as the Office
of Rare Diseases Research (ORDR) in the US, and
the Rare Disease Task Force (RDTF) in the EU. In
Asian countries, the Specified Disease Treatment
Research Program was established in Japan in 1972
with the support of the Ministry of Health, Labor, and
Welfare, and 130 diseases have been the subject of
special research programs and research grants from
government sources expanded to 10 billion yen in
2010 ({0). In South Korea, the Research Center for
Rare Diseases (RCRD) was established in 2008 with
the support of the Ministry of Family Affairs, Health
and Welfare. The Center oversees 3 collaborative
research projects, 9 single-center research projects,
and 7 clinical research networks in order to provide a
foundation for research on rare diseases and orphan
drugs. While in China, research support comes
mainly from the National Natural Science Foundation
of China (NSFC). Data showed that 366 projects
(involving 32 rare diseases) were funded by the
NSFC from 1999 to 2007 with total funding of 89.358
million RMB and annual funding of about 10 million
RMB, compared to just 1/10th of similar funding in
the US ({1).

Furthermore, the acquisition and diffusion of
scientific knowledge and research results is the
vital basis for identification of diseases, and most
importantly, for research into new diagnostic and
therapeutic procedures. So it is urgently needed to
establish the global information exchange platform
to promote information exchange among researchers
active in the field of rare diseases and various difficult

and complicated diseases research in the world. It is
interestingly noted that there is a positive relationship
between the number of published papers on a
particular rare disease and the likelihood of initiation
of rare diseases and orphan drugs development
programs (/2), but in contrast, few professional
journals covering the topic of intractable and rare
diseases have been established worldwide. In this
context, the unique international professional journal
in Asia — Intractable & Rare Diseases Research
(http://'www.irdrjournal.com), was launched in 2012,
with the purpose of cultivating a global medical and
drug information network on intractable and rare
disease research, especially developing an Asian
information exchange platform, to improve the quality
of life for patients with intractable and rare diseases.

5. Conclusion

In conclusion, intractable and rare diseases are an
important public health issue and a challenge to
medical care. In recent years, much progress has been
made in some parts of Asia, including Japan, South
Korea, and Taiwan, in promoting the development
of intractable and rare diseases research as well as
improving the healthcare quality for patients with
those diseases. China is also actively promoting the
regulation of intractable and rare diseases, but still
lags far behind the US, EU, Japan, and other countries
and regions with orphan drug legislation. Three
important aspects of the support from government,
patients' advocacy organizations and rare disease
registry networks, special research programs and
global information exchange platform, should be
given great attention in promoting the development of
intractable and rare diseases research, especially for
China and other countries in Asia.
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Influence of hapten density on immunogenicity for anti-ciprofloxacin
antibody production in mice

Kun Hu', Xuanyun Huang’, Yousheng Jiang', Jungiang Qiu', Wei Fang', Xianle Yang"*

' Shanghai Ocean University, Shanghai, China,
* East China Sea Fishery Research Institute, Chinese Academy of Fishery Sciences, Shanghai, China.

Summary

To generate antibodies against small molecules, it is necessary to couple them as haptens
to large carriers such as proteins. However, the immunogenicity of the conjugates
usually has no linear correlation with the hapten-protein ratio, which may lead to large
variations in the character of the desired antibodies. In the present study, ciprofloxacin
(CPFX) was coupled to bovine serum albumin (BSA) in five different proportions using
a modified carbodiimide method. The conjugates were characterized qualitatively by
spectrophotometric absorption and electrophoresis methods. Mass spectrometry and the
trinitrobenzene sulfonic acid method were adopted to assay the density of conjugates
quantitatively. As a result, CPFX-BSA conjugates with various hapten densities (21-30
molecules per carrier protein) were obtained. After immunization in mice, ELISA tests
showed that the antisera titer increased gradually with the increase of hapten density.
The antibody obtained from the mice showed high sensitivity toward CPFX. These results
revealed the relationship between hapten density and immunogenicity as well as an

optimized conjugation approach for immunization purposes.

Keywords: Hapten density, conjugation, immunogenicity, ciprofloxacin

1. Introduction

A small hapten (molecular weight < 1,000) is usually
not immunogenic by itself (/,2). It is well-known
that immunogenicity can be acquired when a hapten
is coupled with a macromolecule carrier, such as a
protein, peptide or synthetic amino acid (3). A hapten
is generally coupled to a carrier protein through the
g-amino group. The carrier protein can increase both
the strength and specificity of the antibody response
efficiently. The coupling ratio of the hapten-protein
is usually important for the properties of the antibody
induced by the modified hapten. In most cases,
increasing of the coupling ratio can enhance the strength
and specificity of the immune responses (4). On the
other hand, the higher coupling ratio may decrease

*Address correspondence to:

Dr. Xianle Yang, Shanghai Ocean University, 999
Hucheng-huan Road, Lingang New City, Shanghai
201306, China.

E-mail: xlyang@shou.edu.cn

the activity of antibodies. The possible relationship
between the immunogenicity and the hapten-protein
ratio may cause large variations in the character of the
desired antibodies. Screening an optimal hapten density
for the conjugation is significant to improve the binding
efficiency of hapten-protein conjugation (5).
Ciprofloxacin (CPFX) is an antibacterial agent
applied as a veterinary medicine. The CPFX residues
in consumed animal tissues raise potential risks for
development of drug-resistance and chronic adverse
effects in public health (6). The maximum residue
limits (MRLs) of CPFX in food stuffs of animal origin
were established by the European Union (7). Antibody-
antigen reactions were extensively used to detect and
quantify the CPFX residue in biological fluids. Such
immunoassays were developed for determination of
protein antigens as well as small molecule haptens. The
central problem of fast detection by immunoassays was
the availability of a specific antibody with high titer.
Although there are reports about CPFX conjugation
(1,8), the varying hapten density leads to the unstable
character of the antibodies to a great extent. Hence,
the optimized coupling ratio of CPFX-bovine serum

www.biosciencetrends.com
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albumin (BSA) has still not been attained. In our
previous studies, a monoclonal antibody (mAb)
against small hapten-CPFX with high affinity and
specificity was produced and was used for rapid CPFX
immunoassays in food stuff of animal origin (9).
Furthermore, with the CPFX-specific mAbs, an indirect
competitive enzyme-linked immunosorbent assay
(ELISA) was developed for the sensitive and specific
detection of CPFX residues in fishery products (10).

In this study, CPFX as a hapten was covalently
attached to BSA by a modified carbodiimide method
using 1-ethl-3-carbodiimide methiodide (EDC) (/,8).
To generate the anti-CPFX antibody, the hapten density
was optimized to improve the binding efficiency.
It could be a benefit to the approach for preparing
antibodies with good titre and sensitivity, which was
significant for the CPFX immunoassay.

2. Materials and Methods
2.1. Chemicals and animals

CPFX (content > 98.5%) was purchased from
Zhejiang Guobang Pharmaceutical Co., Ltd.
(Shangyu, Zhejiang, China). BSA was obtained from
Dingguo Biotechnology Co., Ltd. (Beijing, China).
Trinitrobenzene sulfonic acid (TNBS) was from Sigma-
Aldrich (St Louis, MO, USA). EDC (purity > 99.3%)
was obtained from Yanchang Confident Biochemical
Technology Co., Ltd. (Shanghai, China). Chemical
reagents such as NaCl and K,HPO, were from Guoyao
Chemical Reagent Co., Ltd. (Shanghai, China). All the
chemical reagents and solutions used in this paper were
analytical grade. The buffer was prepared with double
distilled water.

Individual Balb/c mice were purchased from the
Second Military Medical University (Shanghai, China).
All mice were housed under controlled conditions
and received food and water ad libitum. All animal
experiments were performed in accordance with the
guidelines of Regulation on Animal Experimentation
and were approved by State Scientific and
Technological Commission, State Council, China.

2.2. Coupling of the CPFX hapten and carrier protein

The conjugates of BSA and CPFX were synthesized by
a modified carbodiimide method using EDC (/7). The
conjugation reaction was performed with five different
molecular ratios of BSA and CPFX (1:160, 1:320,
1:480, 1:640, and 1:800). CPFX was mixed with BSA (2
mg/mL) and EDC (60 mg/mL) while the reaction was
carried out in phosphate buffer solution (pH 5.0) and
incubated at 28°C for 2 h. The mixture was dialyzed
against the same buffer for 2 days and then freeze-
dried. The CPFX-BSA conjugates C1, C2, C3, C4, and
C5 (see Table 1 for the molecular ratios) obtained were

stored at —20°C until use.
2.3. Spectrophotometric analysis

The numbers of free Lys residue g-amino groups in
BSA conjugates were determined by the TNBS method
(12). Conjugate samples (0.2 mg each) were dissolved
in 1 mL of 0.1 M sodium carbonate solution and then
0.5 mL of 0.01% TNBS solution was added. After
incubation for 2 h at 37°C, 0.5 mL of 10% sodium
dodecyl sulfate (SDS) solution and 0.25 mL of 1 M
hydrochloric acid solution were added to terminate the
reaction. The absorbance was measured at 335 nm. The
number of amino groups left on the BSA molecule after
the coupling reaction was determined by the difference
of optical density (OD) values between the control
group and the coupling group.

CPFX-BSA conjugates (C1-C5) were scanned
from 250 nm to 350 nm using a Spectronic UV-Vis
Spectrophotometer (Thermo Fisher Scientific Inc.,
Madison, WI, USA). The resolution length range and
scanning speed were 1 nm and 1 nm/sec, respectively.

2.4. Gel electrophoresis analysis

Apparent molecular size of CPFX-BSA conjugates
was analyzed by SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) using a PowerPac 300
type electrophoresis apparatus (Bio-Rad Laboratories,
Hercules, CA, USA). The conjugates (C1-C5) were
dissolved in sample buffer (10 mM Tris, | mM EDTA,
2.5% SDS, and 5% mercaptoethanol, pH 8.0) with a final
concentration of 1 mg/mL. After heating at 100°C for
5 min, 10 pL of each sample was loaded. The samples
were separated at 80 V in the stacking gel and 100 V in
a 12% separating gel. The protein samples were stained
for 4 h using the Coomassie Brilliant Blue staining
method and then de-stained by de-staining solution
until the background was transparent.

2.5. Mass spectrometry analysis

The Agilent 1100 hp LCQ DECA Liquid Chromatography
Mass Spectrum (Agilent Technologies, Santa Clara, CA,
USA) was used to determine the molecular weights
of the conjugates. The conjugates were dissolved in
methanol and 10 pL of each was collected for injection.
The chromatographic conditions were as follows. For
gradient elution, ratios of mobile phases A and B (phase
A, 20 mM sodium acetate + 0.018% triecthylamine
+ 0.3% tetrahydrofuran, pH 7.2; phases B, 100 mM
sodium acetate/acetonitrile/methyl alcohol (20:40:40,
v/vlv, pH 7.2)) were 95:5 (v/v) during 0-5 min and
gradually changed to 5:95 (v/v) during 5-17 min. The
chromatography was performed at 25°C with a flow
rate of 0.2 mL/min using a Zorbax 300SB-C18 column
(Agilent Technologies). The workstation was operated in
positive-ion linear mode with the following parameters:
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Table 1. Determination of hapten density of CPFX-BSA conjugates by chemical TNBS method and mass spectrometry

analysis
Chemical TNBS method Mass spectrometry analysis
. BSA-CPFX mole rati !
Conjugates . . mo ef ratios Observed amount of Calculated amount of Observed molecular Mass variation AM/Mh .
in the reaction mixture . . (hapten density)
amino group consumed amino group consumed mass (Da) (AM)
(%) (moles/BSA molecule)
Control 1:0 0 0(0) 66,210 0 0(0)
Cl1 1:160 36.2 21.7 22)° 73,015 6,805 20.6 (21)°
C2 1:320 41.5 24.9 (25) 74,202 7,992 24.1(25)
C3 1:480 41.5 24.9 (25) 74,622 8,412 25.4 (26)
Cc4 1:640 47.1 28.2 (28) 75,216 9,006 27.2(28)
Cs5 1:300 49.9 29.9 (30) 76,100 9,890 29.9 (30)

* Mh indicates molecular weight of CPFX hapten, Mh = 331.1; * Values in parentheses indicate deduced moles of CPFX binding on each BSA

molecule.

20 kV accelerating voltages, 100 nsec extraction delay,
and 500 m/z low mass gate (/3). The molecular weight
of the sample was analyzed with Data Explore™
software (Applied Biosystems, Carlsbad, CA, USA).

2.6. Immunization

The female 4 weeks old Balb/c mice were kept in
the sterile room with feeding every day. CPFX-BSA
conjugates (150 pg each) and Freund's complete
adjuvants were mixed in the ratio of 1:1 to immunize
the Balb/c mice. The antigen sample with adjuvant was
intraperitoneally injected into the mice and boosted
after two weeks. One week later, the mice were
immunized again in the same way without adjuvant.
After 10 days, a part of the blood sample was collected
to determine the antisera titer by ELISA, and then 150
pg each of CPFX-BSA conjugate was injected into the
mice by tail intravenous injection. Three days later, the
blood sample of the mice was collected and kept at 4°C
overnight. The sample was centrifuged at 7,000 rpm for
10 min. The supernatant was collected to determine the
titer and lyophilized.

2.7. ELISA

A hundred pL of CPFX-conjugated ovalbumin,
which was prepared in our laboratory (/0), with a
concentration of 400 ng/mL was added into wells of an
ELISA plate (Dingguo Biotechnology Co., Ltd.) and
incubated at 37°C for 1 h. After coating, the wells were
washed 3 times (3 min each) with phosphate buffer
containing 0.5% Tween-20 (washing solution). The
wells were blocked with 200 pL 5% milk and stored at
4°C overnight. Two additional wells were filled with
100 puL buffer to serve as a control for nonspecific
binding. After blocking, 100 pL of immunized mice
sera (antisera) were added to the wells and incubated
for 1 h at 37°C. After rinsing with washing solution,
100 pL of goat anti-mouse IgG conjugated with
horseradish peroxidase (HRP) (1:6,000) was added
and incubated for 0.5 h at 37°C. After washing 3 times,
color development was initiated by adding 100 puL of

3,3".5,5'-tetramethylbenzidine (TMB)/H,0, and, 10
min later, stopped by adding 50 pL of 2 M H,SO,. The
absorbance was determined at 450 nm with a BioTek
EL311 micro-plate reader (BioTek, Winooski, VT,
USA).

2.8. Detection of the sensitivity of antisera by indirect
competitive ELISA

The procedure of indirect competitive ELISA was
similar to the ELISA process with some modifications.
After blocking, 50 uL of suitably diluted antisera
was added to each well and 50 puL samples of various
concentrations of CPFX solution (2, 4, 6, 8, and 10
ng/mL) were added. The subsequent steps were the
same as described above.

3. Results and Discussion

CPFX-BSA conjugates with various hapten densities
were synthesized as described in Materials and
Methods. In UV scanning spectra (250-350 nm),
the maximum absorption peaks of BSA, CPFX, and
CPFX-BSA conjugates were at 280, 270, and 275 nm,
respectively, and the higher binding molar ratios of the
carrier hapten-protein (C1-C5) correlated with stronger
UV absorbance (data not shown). SDS-PAGE analysis
of the conjugates (C1-C5) revealed that the molecular
weights of the conjugates were larger than that of BSA
(data not shown). These results suggest the success of
the coupling reaction between CPFX and BSA.

The amount of free amino acid residues on the
BSA molecule before and after coupling reaction was
determined using the TNBS method and the amount
of CPFX binding to the carrier BSA was calculated.
With mass spectrometry analysis, the density of the
hapten bound to the carrier protein was also determined
by comparing the variations of molecular weight. As
shown in Table 1, hapten densities of the conjugates
increased gradually with increase of the hapten-protein
molar ratios.

Next, mice were immunized with the conjugates
CI1-C5 and the antisera titer was determined by ELISA
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as described in Materials and Methods. As shown in
Figure 1A, the titer rose according to the increase of the
ratio between carrier protein and hapten and reached
5.76 x 10’ at the ratio of 1:800 (C5). In contrast, the
antisera titer with different hapten density did not show
a significant difference (data not shown). The sensitivity
of the antibody produced by the coupling reaction
was determined by the ELISA method. The standard
dilution curve analysis of the antibody prepared by the
conjugate C5 exhibited good sensitivity up to a level of
ng/mL (Figure 1B). By indirect competitive ELISA, the
IC,, value was 10.7 ng/mL (data not shown).

To acquire immunogenicity, the hapten needs to
be coupled with a macromolecule (such as a carrier
protein) and become a complete antigen. Generally,
small molecules can covalently bind to a carrier
protein. Different coupling methods are chosen and
designed based on the different functional groups of the
hapten. By the traditional EDC method, the conjugation
efficiency for CPFX is not high enough as expected and
the max value of hapten densities can reach 16 (/). In
the traditional method, NHS is used as the activating
group and can promote the carboxyl group to couple
with the amino group (/,8), while the modified one
without NHS can lead to a higher coupling efficiency.
Unlike other fluoroquinolones, CPFX is abundant
in amino and carboxyl groups. To couple CPFX,
NHS may not be necessary for this reaction. In this
method, the extra hapten and EDC were removed
by extensive dialysis to ensure the accuracy of the
following analysis. BSA is widely used as a carrier
protein, because it contains various amino residues
on the surface. Compared to tyrosine, tryptophan and
imidazole residues, the lysine residue epsilon amino
group allows CPFX hapten to couple much more easily

>

2 = N W & 00 @ ~N ® O
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Sera dilution (x10°)
I I 1
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C2 C3 C4 C5
CPFX-BSA conjugates

B 1.8

by a covalent bond (/).

The production of the conjugates can be confirmed
by SDS-PAGE. The greater amount of protein molecule
bound by the hapten and the larger molecular weight
of the conjugate correspond with the shorter migration
distance. Electrophoresis analysis can analyze the
process of conjugate coupling. Compared with the
molecular weight of BSA (66 kDa) (/4), the differences
between different conjugates are very slight (3 kDa)
(data not shown). As a result, the differences between
the migration distances of the conjugates (C1-C5) were
not significant. The hapten density of the conjugates
can be calculated more precisely by comparing the
molecular weight variations of the conjugates with
mass spectrometry. There are 59 lysine residues in
the BSA molecule (/4), in which 26 residues exist on
the surface (5). The results show that the number of
CPFX molecules did not increase linearly with the
increase of the reaction ratio between CPFX and BSA;
however, the number of CPFX bound to each BSA
molecule can reach as high as 30 (Table 1). It can be
explained that the BSA molecule exists in an isomeric
structure with high helicity in the environment at pH
5.0 (15). This structure contains a part of lysine, which
normally exists in the inner part of the protein, exposed
on the surface of the carrier protein molecule. Another
explanation could be that the hapten can couple with
other amino residues besides lysine.

The maximum absorption wavelength in
the spectrogram can be used as the basis for the
characteristic group analysis of the conjugates.
Compared to the characteristic absorption peaks of the
carrier protein and hapten, the ones of the conjugates
(C1-C5) were shifted (data not shown). The results,
which indicate the presence of distinctive groups in the
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Figure 1. Qualitative analysis of the antibodies generated by various CPFX-BSA conjugates. (A) Titers of antiserum against
CPFX obtained from mice immunized with CPFX-BSA conjugates with various hapten densities. Mice were immunized with C1,
C2, C3, C4, and C5 having average hapten densities of 21, 25, 26, 28, and 30, respectively. (B) Standard dilution curve analysis

of antibody generated by the conjugate C5.
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conjugates, could confirm the specific binding of BSA
and CPFX. The UV spectra of the conjugates suggested
that the increase of the hapten-protein ratio caused the
absorbance of the conjugate to increase gradually. This
also validated the conclusion that the hapten density
increased with the increase of hapten-protein ratio.

The amount of hapten bound to the carrier protein
is an important factor which affects the quantity and
quality of the antibody produced by the conjugate.
However, the titer and affinity of the antibody did not
increase linearly with the increase of the amount of
the hapten bound to carrier protein (/). Generally, the
binding affinity was optimal when 15 to 30 hapten
molecules had bound to the surface of the carrier protein
(5). The greater amount of hapten bound to the carrier
protein, the higher, stronger and more specific antibody
titer was produced by their conjugates. However, the
immune reaction induced by the conjugate bound with
less hapten was slow while the antibody produced by
it had a higher affinity. The acquirement of optimal
hapten density was important for the conjugate in
the preparation of antibody. In addition, the antisera
displayed better sensitivity than previously published
(2). These findings could contribute to improving
immunoassay methods.

In conclusion, the protein-hapten mole ratio could
increase the hapten density of conjugates, which has a
great influence on the immunogenicity of CPFX. An
optimum molar ratio of CPFX-BSA conjugates could
induce antibodies with good sensitivity, which was
suitable to be applied for immunization purposes.
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Summary

Snoring can impair lifestyle and cause late cardiopulmonary complications. Early
detection of snoring and timely intervention during adolescence can avoid complications.
A single center prospective cross-sectional study was conducted in 548 undergraduate
17-25 years old undergraduate medical students of CSM Medical University, Lucknow,
who were interviewed on the basis of the modified Berlin Questionnaire along with their
room-partners describing their snoring habits. Ninety-seven (17.7%) subjects were found
to be snorers. Risk factors viz. day time sleepiness (European Stroke Scale (ESS) scores),
smoking habits, alcohol intake, neck size and BMI were observed. The proportion of males,
smokers, BMI, neck size and ESS scores were significantly (p < 0.001) higher in snorers
than non snorers. Logistic regression found sex (OR =5.73, 95% CI = 2.11-15.61), smoking
(OR = 2.20, 95% CI = 0.97-5.62), BMI (OR = 3.16, 95% CI = 1.09-7.36) and neck size (OR
= 2.03, 95% CI = 0.79-6.35) as significant (p < 0.01) independent risk factors for snoring.
A clinically significant form of Sleep Disordered Breathing (Habitual snoring, ESS score >
11 and BMI > 25 kg/m®) was suspected in 4 (0.7%) students. The findings of this study may
also be validated in the general population. The study concluded that male undergraduate

medical students are at a high risk for developing snoring habits.

Keywords: Snoring, medical students, sleep disordered breathing, independent risk factors

1. Introduction

Snoring is a very common yet under recognized
phenomenon in late adolescence. In recent years,
snoring has been identified as not merely a nuisance
factor for the co-sleeper but significantly associated
with cardiopulmonary diseases. Epidemiologic
investigation of snoring patterns has been hampered
by difficulties in obtaining valid data from an adequate
population based sample. Different sleep studies have
reported a varied prevalence of snoring and related
disorders among children and young adults (/-3).
The variations arise due to laboratory constraints,
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E-mail: rprasadkgmc@gmail.com

different diagnostic criteria and association of other
commonly found causative conditions, such as tonsillar
hypertrophy, asthma, hypertension, gastro-esophageal
reflux disorder and structural abnormalities in this age
group (4,5).

Snoring may be only a symptom of a broad
spectrum of obstructive respiratory abnormalities,
clinically identified as Sleep Disordered Breathing
(SDB) (/). SDB presents as partial respiratory tract
obstruction as in Upper Airway Resistance Syndrome
(UARS) or as complete obstruction resulting in
Obstructive Sleep Apnea (OSA) with manifestations
like snoring, episodes of hypopnea or apnea according
to the extent and duration of obstruction (6). There
are specific factors responsible for each of the clinical
features of SDB which are not fully understood. Studies
have indicated that habitual snoring is associated
with hypertension, cardio-vascular disease and
excessive daytime sleepiness (EDS) (7). Recurrent
episodes of nocturnal asphyxia and arousal from sleep
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induce secondary physiological responses that may
eventually produce cardiovascular, hemodynamic and
neuropsychiatric manifestations (8). The behavioral
problems may include excessive daytime sleepiness,
aggressiveness, inattention, headache, poor memory
and difficulty in socialization (9). Many underlying
causes of SDB among adults such as obesity, start
progressing during late adolescence. The effect of
raised testosterone at puberty, which increases mass
of pharyngeal muscles, cannot also be neglected.
Therefore, there is an opportunity for intervention in
development of SDB and related complications in the
late adolescent age group.

Medical students typically start their education
during late adolescence. There is sudden change from
their active school life to a sedentary lifestyle. These
students are exposed to risk factors of snoring like
smoking and alcohol intake. Snoring might be the
earliest manifestation of SDB in these students. There is
a paucity of literature evaluating snoring habits among
college students especially among medical students.
Thus, in the present study, we have attempted to
determine the pattern of snoring among the population
of undergraduate medical students using a standardized
questionnaire survey (/0,12-19) and correlating the
associated risk factors with snoring.

2. Materials and Methods
2.1. Study population

A single-center cross-sectional study was carried out in
a sample of medical students of both genders ranging
in age from 17 to 25 years between November 2010
and February 2011. Out of the 600 healthy individuals
approached who qualified for the inclusion/exclusion
criteria, 548 gave their consent and were included in the
study. As inclusion criteria, we excluded subjects having
systemic diseases like connective tissue disorders,
chronic liver diseases, asthma, pulmonary tuberculosis,
chronic pharyngitis, tonsillitis, immunosuppressive
diseases, malignancies and heart diseases (except
hypertension and vascular diseases).

2.2. Procedure

The subjects were interviewed on the basis of a
predesigned standardized Berlin questionnaire
(10,12-19) with some relevant modifications to elicit
information from the subjects themselves and from
their partners about the occurrence of snoring, cessation
of breathing during sleep, tiredness, sleepiness
while driving or any past history of hypertension.
Often, people are unaware of their snoring habits
themselves. Therefore, we used the standardized Berlin
questionnaire which is designed to interview the room
partners of the subjects. Sixty-five (11.86%) subjects

whose partners were unavailable during the interview
were contacted by telephone. The daytime sleepiness
was also assessed using the Epworth Sleepiness
Scale (ESS) (/7). Some questions were also asked
to evaluate possible risk factors for obstructive sleep
apnea like smoking, alcoholism and use of sedatives
or tranquillizers. Smoking status was defined if they
smoked > 100 cigarettes in their lifetime and were still
smoking or had given up less than one year ago (20)
and alcoholism as daily intake of alcohol during the
last one month. After getting a detailed clinical history,
a relevant physical examination including height,
weight, neck size and blood pressure was done. The
neck size was measured at the level of cricoid cartilage.
Blood pressure measurement was recorded in mm of
Hg in a sitting and standing position after at least ten
minutes of rest. Another recording was done after ten
minutes along with any previous history of any anti-
hypertensive medication in case the first recording was
found to be abnormal. This was done in order to reduce
the probability of a false risk group categorization.

2.3. Statistical analysis

Data were summarized as mean + S.D. Groups were
compared by independent Student's ¢ test while
discrete variables were compared by Fisher's exact
test. Unadjusted binary logistic regression analysis
was used to assess the effect of each independent
predicator variable on snoring. The significant predictor
variables were further analyzed by multivariate logistic
regression analysis to assess the independent risk factor
of snoring. Each regression model was adjusted for
alcohol and hypertension. A p < 0.05 was considered
statistically significant. MINITAB (Windows version
13.0) was used for analysis.

3. Results
3.1. Basic characteristics
3.1.1. Subjects

There were a total of 548 subjects. Of the total, 392
were males (71.53%) and 156 females (28.47%). The
demographic profile of the study population has been
described in Table 1.

3.1.2. Snoring habits

There were 97 (17.70%) snorers and 451 (82.29%)
non-snorers in the study group. Among the snorers, as
provided in Table 2, 16 (16.49%) snored louder than
talking while 81 (83.50%) were non-loud snorers. The
snoring frequency was more than 3-4 times per week
in 19 (19.58%) subjects and less than 1-2 times per
week in 78 (80.41%) subjects. Snoring of 39 (40.20%)
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Table 1. Basic characteristics of subjects

Basic characteristics n (%)
Mean Age (in years) 21.73 £ 1.81
Sex

Male 392 (71.53%)

Female 156 (28.47%)
Mean neck size (in inch) 13.90 +1.23
Mean BMI (in kg/m?) 21.95+2.52
Mean ESS score 6.92+3.11
Mean nocturnal sleeping hours 7.37+1.10
Smoker 18 (3.28%)
Alcoholic 33 (6.02%)

Neck size was measured at the level of cricoid cartilage. BMI: Body
Mass Index.

Table 2. Snoring habits of subjects

Snoring habits n (%)

Snoring loudness
Loud (more than talking)
Non-loud (not more than talking)
Snoring frequency
>3-4 times/week
< 1-2 times/week
Breathing quality
Bothersome
Non-bothersome
Breathing pauses

16 (16.49%)
81 (83.50%)

19 (19.58%)
78 (80.41%)

39 (40.20%)
58 (59.79%)

> 3-4 times/week 5(5.15%)
< 1-2 times/week 18 (18.56%)
Never or almost never 39 (40.20%)

Not cared 35 (36.08%)

students bothered their partners while that of 58 (59.79%)
did not. More than 3-4 breathing pauses during sleep
were reported in 5 (5.15%) students, less than 1-2 times
per week in 18 (18.56%), never or almost never in 39
(40.20%) while 35 (36.08%) students did not care to
notice. In the overall population, there were 2.92% loud
snorers, 3.47% habitual snorers, 7.12% bothered their
partners and 0.91% had more than 3-4 breathing pauses
per week during their sleep.

On comparing the risk factors between non-snorers
and snorers (Table 3), the proportion of males, smokers,
mean neck size, BMI and European Stroke Scale
(ESS) scores in snorers was found significantly (p <
0.001) higher as compared to non-snores. However, the
proportions (Y/N) of alcohol and hypertension did not
differ (p > 0.05) between the two groups, i.e., was found
to be statistically the same.

3.1.3. Daytime sleepiness

Mean ESS score of the study population was 6.92 +
3.11. Out of the 548 subjects, 44 (8.10%) reported
morning tiredness more than 3-4 times per week,
172 (31.39%) had less than 1-2 times per week and
332 (60.58%) had never or almost never. Wake time
tiredness was experienced more than 3-4 times per
week by 89 (16.24%) subjects, less than 1-2 times per

Table 3. Basic characteristics of snorers versus non-
snorers

Characteristic Non-snorers (n =451)  Snorers (n=97)

Sex

Males 300 (66.52%) 92 (94.85%)

Females 151 (33.48%) 5(5.15%)
Mean neck size (in inch) 13.82+1.17 14.69 + 1.40
Mean BMI (in kg/m®) 21.69 +2.38 23.44 +2.56
Mean ESS score 6.78 £2.90 7.71 £3.70
Smoking 6 (1.33%) 12 (12.37%)
Hypertensive 5(1.11%) 3(3.09%)
Alcoholism 26 (5.76%) 7 (7.22%)

BMI: Body Mass Index.

week by 153 (27.92%) subjects and never or almost
never by 306 (55.84%) subjects. Drowsiness behind
wheel more than 3-4 times per week was reported by
14 (2.55%) subjects, less than 1-2 times per week by
18 (3.28%) subjects, never or almost never by 230
(41.97%) subjects while 286 (52.19%) subjects did not
drive.

3.1.4. Blood pressure and BMI

Of all subjects, 8 (1.46%) were hypertensive, 173
(31.57%) were pre-hypertensive and 367 (66.97%)
were found to be normotensive as per the INC7 criteria
(21). Sixty-four (11.67%) subjects were considered as
obese according to the Asian classification of WHO
(22).

3.2. Identification of risk factors

The effect of sex, smoking, BMI, neck size and ESS
scores on snoring was evaluated by using logistic
regression analysis and is summarized in Table 4.
Logistic regression analysis (unadjusted) found a
significant (p < 0.05 or p < 0.001) effect of sex,
smoking, BMI, neck size and ESS scores on snoring.
On evaluating the effect of all significant variables
on snoring together (adjusted), all variables showed a
significant effect on snoring except ESS scores. In other
words, among observed risk factors, sex, smoking, BMI
and neck size were independent risk factors for snoring.

4. Discussion

We took undergraduate medical students as the sample
population to estimate the prevalence and pattern
of snoring among apparently healthy adolescent
individuals. There is strong evidence of various
pathophysiologies which suggest that sleep disturbed
breathing starts manifesting during late adolescence.
Hormonal changes, changes in neuromuscular tone and
development of obesity are some of the contributions
to this phenomenon. Obesity is proposed as an
underlying cause as it is correlated with increased neck
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Table 4. Unadjusted and adjusted identification of risk factors for snoring by logistic regression analysis

Predictor variables Unadjusted Adjusted

b p value OR (95% CI) b p value OR (95% CI)
Sex (M) 2.16 p<0.001 8.68 (3.44 t0 21.87) 1.75 p<0.001 5.73 (2.11 to 15.61)
Smoking (Y) 214 p<0.001  3.12(1.04t07.34) 159 p<0.005  220(0.97t05.62)
BMI 2.27 p<0.001 431 (1.19t0 10.44) 0.19 p<0.001  3.16 (1.09 to 7.36)
Neck size 0.55 p<0.001  273(1.42t09.10) 0.23 p<0.007  2.03(0.79t06.35)
ESS 0.09 p<0.011 1.10 (1.02 to 1.18) 0.07 p <0.054 1.08 (1.00 to 1.16)

circumference and internal compression of pharynx
by superficially located fat (23). Many cohort studies
have revealed smoking and alcohol consumption
as independent risk factors for SDB (24). Habits of
smoking and alcohol intake also commonly develop
during adolescence.

Our results showed a 17.7% prevalence of snoring
among the subjects. This is slightly lower than the
prevalence reported by western studies (25.7%
and 28.7% by David et al. (25) and Angeles et al.
(26), respectively). In another study, Balakrishnan
et al. reported a lesser prevalence of 13.8% among
adolescents (27). Overall, different studies state the
prevalence of snoring in younger children in the range
of 10-15% and 4-29% in adults (28,29). Similarly,
in our earlier study we had found a 28.3% snoring
prevalence among adults (30). We can decipher that
prevalence of snoring increases from childhood
to the adult age group with a steep rise during late
adolescence. The fact that most of the independent risk
factors like obesity, smoking and alcohol consumption
are modifiable indicates the need to utilize the
opportunity for intervention during adolescence.
It should also be understood that the prevalence of
snoring does not necessarily indicate the development
of obstructive complications but these findings do
highlight the need for awareness about possible
complications.

Furthermore, habitual snoring even in the absence
of SDB has been shown to be associated with EDS that
adversely affects the performance and learning abilities
of children (3/). We found habitual snoring among
3.5% subjects which is comparable to 6% shown by
Johnson and Roth (32). EDS was found among 63
(11.5%) subjects while in a study by Mahmoud et al.,
EDS among adolescents was reported from 26.7% to
43% (33). Strikingly, 12 (63.2%) of the 19 habitual
snorers in our study group had EDS. Habitual snorers
have symptoms such as falling asleep while watching
television or in public places in both genders (34). Shin
et al. have also showed that habitual snoring correlates
with an increasing degree of daytime sleepiness (7).
This is thought to be related to sleep fragmentation as a
result of partial upper airway obstruction during sleep,
not necessarily with the presence of frank hypopnea
or apnea (35). However, other factors like sleep
deprivation due to demanding study or work schedules,

together with irregular sleeping patterns common in this
age group, may influence the results.

Among the 97 (17.7%) snorers in our study, there
were 92 males and only 5 females. The gender drift
could be due to the smaller female sample size but
it may also be attributed to a hormonal influence on
respiratory control and fat distribution. Male gender,
large neck size, high BMI and smoking were identified
as independent risk factors for snoring. Male gender
and high BMI have also been proved as risk factors
for snoring by other studies like by Bidad et al. (2)
and David et al. (25). Similar to David et al., alcohol
consumption was not found to be associated with
snoring in our study (25).

If we analyze to find the prevalence of clinically
significant SDB, i.e., suspicious for developing
complications, defined as snoring at least 3-4 times per
week, having excessive daytime sleepiness (ESS score
> 11) and obesity (BMI > 25 kg/m’), it was found in 4
(0.7%) subjects. Recently Amra et al. (36) and Johnson
(32) have reported an SDB prevalence of 4.9% and 6%
among adolescents in their respective studies. Though
a clinically significant form of SDB was found to be
comparatively lower than that of other studies, still its
possibility cannot be underestimated.

Our cross-sectional study may have the limitation
of sampling bias. However, the strength of associations
found in our study show that the extent of effects of
sampling error on results was minimized to a very
low level. There is a possibility of under diagnosis of
snoring when a standard full night polysomnography
test is not administered. On the other hand, it may be
better to assess snoring pattern over a period of time by
subjective means rather than evaluating this symptom
during a single night test. Uncertainties regarding the
other causative factors were reduced by using extensive
exclusion criteria. We attempted to remove the self-
reporting bias by interviewing with their room partners.
Nevertheless, the effect of unknown confounding
factors cannot be excluded completely.

We conclude that the prevalence of snoring is high
among the male population of late adolescent age group
and is comparable to adults. The habit of snoring is
frequently ignored as many people, including medical
students, are unaware of the possible complications.
Spreading information on snoring is necessary to
encourage self-reporting. Also, it is important to
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understand the pattern of snoring in addition to the
causal associations, so as to identify the individuals at
clinically significant risk for developing complications.
The Berlin questionnaire is an effective and inexpensive
modality for screening clinically significant snoring.
Inclusion of more physical activities in the medical
curriculum and avoidance of smoking should be
promoted. Various treatment modalities like continuous
positive airway pressure (CPAP), mandibular splints
and other surgical interventions are available. Further,
there is a need to study the impact of early diagnosis
and intervention on the progression of snoring habits
and associated co-morbidities.
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Summary

The aim of the study was to investigate the effect of C-X-C chemokine receptor type 4
(CXCR4) inhibitor AMD3100 on the osteogenic differentiation of pre-osteoblastic cell line
MC3T3-El. In this study we found that blocking SDF-1/CXCR4 signaling with AMD3100
strongly suppressed osteogenic differentiation in MC3T3-E1 cells, as evidenced by an early
decrease in the activity of alkaline phosphatase (ALP), and down-regulation of mRNA
expression of the osteogenic master regulator Runx2, ALP, osteocalcin, and progressive
ankylosis genes. Moreover, we found that the regulatory effect of AMD3100 might be
mediated via intracellular STAT3 activation. However, AMD3100 exerted no significant
effect on generation of matrix mineralization at the terminal stage of osteogenic induction.
In conclusion, our results demonstrated an inhibitory role of AMD3100 in osteogenic
differentiation of MC3T3-E1 cells, especially in the early stage, which provides novel
insights into the effect of CXCR4 antagonists on modulation of osteogenesis.

Keywords: SDF-1/CXCR4 signaling, AMD3100, MC3T3-El, osteogenic differentiation, signal

transducer and activator of transcription 3

1. Introduction

Stromal-derived factor 1 (SDF-1, also known as
CXCL12) was initially identified as a bone marrow
stromal cell-derived factor, which specially binds
to a G-protein-coupled receptor, C-X-C chemokine
receptor type 4 (CXCR4) (/,2). The SDF-1/CXCR4
signaling pathway has been found to be important for
the process of cellular inflammatory, immune response,
blood homeostasis et al. (3,4). AMD3100 (plerixafor),
a CXCR4 antagonist, which can inhibit binding of
SDF-1 to CXCR4 and subsequent signal transduction,
has been used as an effective hematopoietic stem cell
mobilization agent in patients with non-Hodgkin's
lymphoma (NHL) and multiple myeloma (MM)
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(5-8). It has been proposed that AMD3100 may also
play an important role in treatment of many other
SDF-1/CXCR4-regulated pathological processes such
as cancer, human immunodeficiency virus infection,
rheumatoid arthritis, atherosclerosis, and asthma (9-73).

Recent studies have suggested the SDF-1/CXCR4
pathway is involved in bone remodeling and osteoblast
differentiation (/4-16). Kitaori et al. (17) found
that SDF-1/CXCR4 signaling has a critical role in
recruitment of mesenchymal stem cells (MSC) to the
fracture site during skeletal repair in vivo. Zhu et al. (15)
and Hosogane ef al. (16) showed that SDF-1/CXCR4
participated in the process of bone morphogenetic
protein 2 (BMP-2)-induced osteogenic differentiation
of primary MSCs or MSC cells lines in vivo. Therefore,
special attention has been given to learn about the
efficacy or toxicity of AMD3100 on osteogenesis.

Until now, only a few studies have demonstrated the
effect of AMD3100 on osteogenesis of MSC at the early
stage. The modulation of AMD3100 on differentiation
of preosteoblasts, especially on mineralization has not
been investigated. Therefore, in this study, we utilized
the murine pre-osteoblastic cell line MC3T3-El to
observe the effect of CXCR4 inhibitor AMD3100 on
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activity of alkaline phosphatase (ALP; an early marker
of osteogenesis), expression of osteogenic factors,
and mineralization (/8). Furthermore, the possible
mechanism of AMD3100 on ALP regulation by the
transcription factor — signal transducer and activator of
transcription 3 (STAT3) was also investigated.

2. Materials and Methods
2.1. Chemicals and antibodies

Dexamethasone, L-ascorbic acid, B-glycerophosphate,
and the CXCR4 antagonist AMD3100 were all
obtained from Sigma (St. Louis, MO, USA). All
cell culture media and supplements were from
Gibco (Carlsbad, CA, USA). Reagents for reverse
transcription and those for real-time PCR reactions
were from Toyobo (Shanghai, China). Anti-STAT3
and anti-phospho-STAT3 (Tyr705) rabbit monoclonal
antibodies were purchased from Cell Signaling
Technology (Danvers, MA, USA). Secondary goat
anti-rabbit IgG was obtained from Santa Cruz (Santa
Cruz, CA, USA). Enhanced chemiluminescence (ECL)
detection reagent was purchased from Millipore
(Billerica, MA, USA).

2.2. Cells and osteogenic induction

MC3T3-El cells were acquired from the Cell Bank
of Type Culture Collection of Chinese Academy
of Sciences (Shanghai, China). For osteogenic
induction, MC3T3-El cells were plated at a density
of 1 x 10* cells/cm’ in 24-well plates and maintained
in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10% fetal bovine serum (FBS)
and 1% penicillin-streptomycin at 37°C under 5%
(v/v) CO, in a humidified atmosphere. Osteoblast
differentiation was induced by addition of 10 nM
dexamethasone, 50 pg/mL L-ascorbic acid and 10 mM
B-glycerophosphate as described previously (/9). To
block SDF-1/CXCR4 signaling in MC3T3-E1 cells,
cells were incubated with the CXCR4 antagonist
AMD3100 respectively at concentrations of 50, 100,
200, and 400 pM.

2.3. ALP activity

ALP activity was measured at 3, 6, and 9 days of
osteogenic induction as described previously with
minor modifications (20). Briefly, MC3T3-E1 cells
were washed with one volume of phosphate-buffered
saline (PBS) (pH 7.4) and lysed with addition of 100
pL/well of 25 mM Tris-HCI (pH 7.4) and 0.5% Triton
X-100. Fifty microliter of cell lysate was incubated
with 100 pL p-nitrophenyl phosphate at 37°C for 20
min. The reaction was stopped by addition of 50 puL
NaOH (3 M) and absorbance was measured at 405 nm.

2.4. Mineralization analysis

Mineralization analysis was performed at 14 and 21
days of osteogenic induction as described previously
(21). MC3T3-El cells were washed with PBS and
fixed with 4% paraformaldehyde. Then the cells were
washed with PBS and stained with 0.5% (w/v) alizarin
red S solution for 1 h. After washing with PBS, the
stained cultures were photographed. Then the cells
were incubated with 10% (w/v) cetylpyridium chloride
at 37°C for 1 h, optical density of the supernatant was
measured at 562 nm.

2.5. Quantitative real-time polymerase chain reaction
(RT-gPCR)

RT-qPCR was used to measure expression of osteogenic
markers including ALP, progressive ankylosis (Ank),
runt-related gene 2 (Runx2), and osteocalcin (OCN)
genes at 6 and 9 days of osteogenic induction. Total
RNA was extracted from cells using Trizol reagent.
One microgram of total RNA from each sample was
reverse-transcribed, and levels of target gene expression
were quantified in real-time PCR detection system
with a LightCycler 480 thermocycler (Roche Applied
Science, Mannheim, Germany). Relative expression
of target genes was calculated based on ACT values,
which are differences in the number of threshold cycles
between the target gene and the housekeeping gene
glyceraldehyde 3-phosphate dehydrogenase (GAPDH).
The primer sequences of target genes that were
analyzed in this study are listed in Table 1.

2.6. Western-blot

For Western-blot analysis, MC3T3-El cells at 3, 6, 9,
and 14 days of osteogenic induction were collected,
and then whole cell lysate was obtained and the amount
of total cellular protein was determined using the
Bradford assay (/5,22). Equal loading of 30 ug aliquots
of total protein from each sample were fractionated
on 12% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), and the following

Table 1. Quantitative real-time PCR primer sequences

Target genes Primer sequences

ALP Forward: 5-“TGGCTCTGCCTTTATTCCCTAGT-3'
Reverse: 5'-AAATAAGGTGCTTTGGGAATCTGT-3'

Ank Forward: 5'-ATGAGTCAGCCACCGAG-3'
Reverse: 5-GGAGGAAAGAGACGACAGTT-3'

Runx2 Forward: 5'-GCCGGGAATGATGAGAACTA-3'
Reverse: 5-GGTGAAACTCTTGCCTCGTC-3'

OCN Forward: 5'-GCCATCACCCTGTCTCCTAA-3'
Reverse: 5'-GCTGTGGAGAAGACACACGA-3'

GAPDH Forward: 5'-CATCCCAGAGCTGAACG-3'

Reverse: 5'-CTGGTCCTCAGTGTAGCC-3'
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antibodies were incubated: anti-STAT3 (1:2,000),
anti-phospho-STAT3 (Tyr705) (1:2,000), and anti-
B-actin (1:1,000). Primary antibodies were detected
with goat anti-rabbit IgG conjugated to horseradish
peroxidase. Blots were developed with enhanced
chemiluminescence (ECL) and exposed to X-ray film.

2.7. Statistics

Measurements in each experiment were run in triplicate.
For quantitative data, results are reported as the mean
+ S.D. To determine the differences between groups,
one-way analysis of variance (ANOVA) was carried out
using SPSS software (version 17.0), with significance
accepted at p < 0.05.

3. Results

3.1. CXCR4 inhibitor AMD3100 suppressed ALP activity
during the early stage of osteogenic differentiation in
MC3T3-EI cells

As seen in Figure 1, with osteoblast induction, ALP
activity increased and achieved a peak at 6 days, and
decreased slightly at 9 days, which is consistent with
the previous studies (/6). When treated with CXCR4
antagonist AMD3100, ALP activity significantly
decreased at 3, 6, and 9 days (48%, 49%, and 53%
decreases at 50 uM AMD3100, respectively, and
29%, 56%, and 73% decreases at 100 uM AMD3100,
respectively) (Figure 1). Furthermore, detection of
ALP activity in MC3T3-E1 cells at 6 days also showed
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Figure 1. AMD3100 suppressed ALP activity during the
early stage of osteogenic differentiation in MC3T3-E1
cells. MC3T3-E1 cells were treated with DMEM (open
columns), osteogenic medium (shaded columns) and
osteogenic medium supplemented with AMD3100 (horizontal
and closed columns for 50 uM and 100 pM, respectively) and
assessed for ALP activity at 3, 6, and 9 days (mean = S.D.,
n=13). * p <0.05, vs. negative control group; * p < 0.05, vs.
osteogenic induction group.

that treatment with CXCR4 antagonist AMD3100
decreased osteogenic media-induced ALP activity in
a concentration-dependent manner (49%, 56%, 67%,
and 77% decreases with 50, 100, 200, and 400 uM
of AMD3100, respectively) (data not shown). Taken
together, these data suggest that CXCR4 inhibitor
AMD3100 significantly inhibited ALP activity
during the early stage of osteogenic differentiation in
MC3T3-El cells.

3.2. CXCR4 inhibitor AMD3100 had no effect on matrix
mineralization in MC3T3-E1 cells

To evaluate calcium deposition in matrix, alizarin
red staining was performed and quantified by a
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Figure 2. Effect of AMD3100 on matrix mineralization
of MC3T3-E1 cells. (A) Typical observations for
mineralization. Cells were cultured with DMEM, osteogenic
medium and osteogenic medium supplemented with various
concentrations of AMD3100 for 14 days (upper) and 21 days
(lower). The resulting mineralization was assessed by Alzarin
red S staining. (B) Quantitation of mineralization. Alzarin
red S was solubilized in cell cultures of every group using
cetylpyridinium chloride and quantified at 562 nm. Upper
panel, 14 days; lower panel, 21 days. Data were mean + S.D.,
n=3.*p<0.05, vs. negative control group.
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colorimetric analysis based on solubilizing the red
matrix precipitate with cetylpyridinium chloride at
14 and 21 days of osteoblast differentiation. Obvious
matrix mineralization could be observed at 14 days
of induction (upper panels in Figure 2A), and became
extensive at 21 days as seen in Figure 2 (lower panels
in Figure 2A). However, cetylpyridinium chloride
analysis failed to detect minor increases or decreases
in mineralization by treatment with AMD3100 at 50
and 100 uM (upper and lower panels in Figure 2B,
respectively). These data suggest that CXCR4 inhibitor
AMD3100 seemed to have no significant effect on

Relative expression of mRNA

Days

Figure 3. Effect of AMD3100 on osteoblast-specific
marker genes expression in MC3T3-E1 cells. Cells were
cultured with DMEM (open columns), osteogenic medium
(shaded columns) and osteogenic medium supplemented
with AMD3100 (400 pM) (closed columns) for 14 days,
and then were harvested at 6 and 9 days during osteogenic
differentiation for quantitative gene expression analysis of
ALP (A), Ank (B), Runx2 (C), and OCN (D). Data were
normalized to GAPDH expression and presented as fold
difference relative to control cells cultured with DMEM (mean
+£8.D.,n=3).*p<0.05, vs. negative control group; * p < 0.05,
vs. osteogenic induction group.

generation of matrix mineralization at the terminal
stage of osteogenic induction in MC3T3-El1 cells.

3.3. Effect of CXCR4 inhibitor AMD3100 on osteoblast-
specific marker genes expression in MC3T3-EI cells

The mRNA levels of four osteoblast-specific markers
affected by CXCR4 inhibitor AMD3100 were
determined by quantitative real time PCR analysis. As
seen in Figure 3, compared with the osteogenic group,
CXCR4 inhibitor AMD3100 (400 uM) suppressed the
expression of both the early osteoblast differentiation
markers (ALP and Runx2) and the late differentiation
markers (Ank and OCN) at 6 and 9 days. Each
difference reached a level of significance except for
mRNA expression of Runx2 at 9 days.

3.4. Effect of CXCR4 inhibitor AMD3100 on STAT3 in
MC3T3-EI cells

To further understand mechanisms underlying the
effect of AMD3100 on osteoblast differentiation,
we examined the activation of STAT3 proteins in
MC3T3-El cells treated with AMD3100 at 3 and 6 days
of osteogenic induction. As seen in Figure 4, Western-
blot results showed that osteogenic media stimulation
increased the phosphorylation of STAT3 protein at 6
days compared with the control group, and treatment
with CXCR4 antagonist AMD3100 almost abolished
osteogenic media-induced STAT3 phosphorylation
(Figure 4).

4. Discussion

In this study, we demonstrated that blocking the
SDF-1/CXCR4 pathway could regulate osteogenic
differentiation of pre-osteoblastic MC3T3-E1 cells. Our
results demonstrate that CXCR4 inhibitor AMD3100
significantly inhibited the ALP activity during the
carly stage of osteogenic differentiation in MC3T3-El
cells, but it seems to have no significant effect on
generation of matrix mineralization at the terminal
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Figure 4. Blocking of SDF-1 signaling inhibited
STAT3 expression during the early stage of osteogenic
differentiation in MC3T3-E1 cells. Cells were treated
with DMEM, osteogenic medium and osteogenic medium
supplemented with AMD3100 (400 uM) for 6 days, and then
levels of STAT3 and phospho-STAT3 were determined by
Western-blot analysis.
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stage of osteogenic induction in MC3T3-E1 cells.
Meanwhile, ALP, Runx2, Ank, and OCN osteoblast-
specific marker genes mRNA expression induced by the
osteogenic media were decreased in MC3T3-El cells
after treatment with AMD3100. Our results also show
that the effect of AMD3100 on ALP might be mediated
via inhibiting intracellular STAT3 activation at the early
stage of osteogenic differentiation in MC3T3-E1 cells.

The high expression of SDF-1 by MSCs and
osteoprogenitors indicates the intimacy between SDF-1
signaling and initiation of osteogenesis (23). High
levels of SDF-1 have been detected in MSCs at the
carly stage of differentiation induced by dexamethasone
or BMP2, while SDF-1's expression declines with cell
maturation (24). Concomitantly, many studies revealed
that abundant SDF-1 existing in osteoprecursors play
an important role during postnatal bone development
and bone regeneration (25,26). In this context,
our detection that blocking of the SDF-1/CXCR4
signal axis inhibited osteogenic media-induced ALP
activity and mRNA expression further suggested the
involvement of SDF-1 signaling at the early stage of
osteogenic fate determination of MC3T3-E1 cells, since
ALP is expressed by MC3T3-E1 cells at the early phase
of differentiation when committing to an osteogenic
pathway. The result that CXCR4 inhibitor AMD3100
had no effect on matrix mineralization at the terminal
stage of osteogenic differentiation in MC3T3-E1 cells
may further prove the early role of SDF-1 signaling
from another perspective.

The transcriptional regulation of osteoblast genes,
such as ALP and OCN, takes place at their promoter
regions via interaction with crucial transcription factors,
such as Runx2, which is expressed at the earliest stage
of osteogenic differentiation (27). In this context, our
detection that blocking of SDF-1/CXCR4 signaling
inhibited osteoinduced Runx2 expression further
suggested the involvement of SDF-1/CXCR4 signaling
in the osteogenic differentiation of MC3T3-E1 cells.
Furthermore, our detection also showed that blocking
SDF-1 signaling reduced expression of both the early
osteoblast differentiation marker (ALP) and the late
differentiation markers (Ank and OCN).

The finding of SDF-1 regulation of osteogenic
differentiation led us to examine potential crosstalk
between SDF-1 signaling and the osteogenic
pathway in the context of promoting osteogenesis.
The intracellular STAT3 pathway is the major sub
pathway engaged in SDF-1 signaling, and studies
have shown that STAT3 may play an important role in
osteogenic differentiation (28,29). Moreover, Itoh et
al. (30) detected that the interleukin-6 family-mediated
STAT3 activation plays a critical role in osteoblast
differentiation and bone formation. Our results that
blocking of the SDF-1/CXCR4 axis inhibited the
phosphorylation of STAT3 suggested involvement of
STAT3 in mediating the SDF-1 effect on osteogenic

differentiation in MC3T3-E1 cells. But, because of
diverse species and cell types, the detailed mechanism
involved in the STAT3 signaling-mediated osteogenesis
still remains unknown (317,32). Mikami et al. (31)
detected that a STAT3 siRNA suppressed the synergistic
effect of BMP-2 and dexamethasone on ALP levels in
mouse C3H10T1/2 pluripotent stem cells; but Levy et
al. (32) indicated that eradication of STAT signaling
considerably enhanced BMP-induced osteogenic
differentiation of hMSCs, suggesting distinct roles
of SDF-1 during different stages of differentiation in
various cell types in response to different stimulants.
Studies have shown that activation of the STAT3
pathway was rapid and transient (32). Similarly, our
results show that blocking of SDF-1/CXCR4 signaling
only had an effect on phosphorylation of STAT3 at the
early stage of osteogenic differentiation in MC3T3-E1
cells. Furthermore, STAT3 and Runx2 are two of the
major transcription factors that play essential roles
in osteogenesis, they interact with each other in the
nucleus, and Runx2 is a master regulator at the early
phase of osteogenic differentiation; this interaction
might affect osteogenic regulation (33-35). Further
studies are needed to explain whether the interplay of
STAT3 and Runx2 are involved in STAT3 signaling at
the early stage of osteogenic differentiation.

In conclusion, our results indicate that blocking
the SDF-1/CXCR4 pathway by AMD3100 exerts an
inhibitory effect on the early osteogenic differentiation
of MC3T3-E1 cells via the STAT3 pathway, but has
no effect on generation of matrix mineralization at the
terminal stage of osteogenic induction. These findings
provide novel insights into the mechanisms underlying
SDF-1/CXCR4 pathway inhibitors on osteogenic
differentiation, which is helpful for re-evaluating their
efficacy or toxicity on osteogenesis in the future.
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Summary

Epithelial cell injury under hyperinflammatory conditions is critical in the development
of septic acute lung injury (ALI). The aim of the present study is to analyze the cytotoxic
effects of a mixture of proinflammatory cytokines in the human alveolar epithelial cell
line A549. The cytotoxicity of proinflammatory cytokines were assessed in A549 cells
by measuring lactate dehydrogenase released into the culture medium and by crystal
violet staining of surviving cells. Activation of the caspase-dependent apoptotic pathway
was evaluated by monitoring cleavage of cytokeratin 18 by caspases using enzyme-liked
immunosorbent assay (ELISA). To estimate the cytotoxic signaling pathways responsible
for epithelial injury, agents with antiinflammatory or antioxidative properties were
extensively screened for cytoprotective effects in the inflammation-associated epithelial
injury model. The present study revealed that inflammatory cytokines exerted cytotoxicity
in A549 cells. A mixture of interleukin-1beta (IL-1p), tumor necrosis factor-alpha
(TNF-0) and interferon-gamma (IFN-y), designated as cytomix, augmented cytotoxicity
compared with each individual cytokine. Treatment with glucocorticoid (dexamethasone),
tetracycline-derived antiinflammatory antibiotics (minocycline or doxycycline),
angiotensin II receptor blockers (losartan or telmisartan), or antioxidants (dimethyl
sulfoxide, catalase) attenuated cytomix-induced cytotoxicity, including caspase activation.
These results implied that inflammatory cytokines alone could cause alveolar epithelial
injury in the pathophysiology of septic ALI. Caspase-dependent apoptosis was speculated
to be one mechanism responsible for the cytokine-induced cytotoxicity. Agents with
antiinflammatory or antioxidative properties such as glucocorticoid, tetracycline-derived
antibiotics, angiotensin II receptor blockers, or direct antioxidants showed substantial
effect in attenuating cytokine-induced cytotoxicity and may be candidates for treatment
options.

Keywords: Acute lung injury, sepsis, proinflammatory cytokine, epithelial cell injury, apoptosis

1. Introduction

Despite the broad repertoire of potent antibiotics and
progress in intensive patient care, sepsis remains a life-
threatening condition (/). Multiple organ dysfunctions
are responsible for the high mortality rate of septic
patients. Pulmonary, renal, cardiovascular and
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Faculty of medicine, The University of Tokyo, Hongo
7-3-1, Bunkyo-ku, Tokyo 113-8655, Japan.

E-mail: kchang-tky@umin.ac.jp

coagulation systems are susceptible to acute injury
during septic sequelae and therefore resolution of
vital organ dysfunctions is pivotal in management
of patients with sepsis (2). Acute lung injury (ALI)
and its more severe form, acute respiratory distress
syndrome (ARDS), are characterized by hypoxemia
and diffuse bilateral infiltrates in the lung (3). Although
protective ventilatory strategies have been reported
to improve patient survival (4), core information
leading to decisive therapeutic intervention is still
lacking. The pathophysiological basis of ALI consists
of excessive and protracted alveolar inflammation
accompanied by alveolar epithelial injury, including
epithelial cell death (5-7). Thus, it is critical to clarify
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how the hyperinflammatory condition damages alveolar
epithelial cells and to explore what pharmacological
agents have potential to protect lung tissue.

In this study, we evaluated the cytotoxicity induced
by a mixture of proinflammatory cytokines (IL-1p/
TNF-a/IFN-y), which have been suggested to play major
roles in sepsis or ALI (5,8-13), in the human alveolar
epithelial cell line A549. Then, to clarify the cytotoxic
signaling pathways responsible for alveolar epithelial
cell injury, various agents with antiinflammatory or
antioxidative properties were screened for cytoprotective
effects in an in vitro acute lung injury model (9,7/4-17).

2. Materials and Methods
2.1. Cell culture and reagents

Human lung carcinoma type II epithelium-like A549
cells, purchased from Riken BioResource Center
Cell Bank (Tsukuba, Ibaraki, Japan), were grown in
Dulbecco's Modified Eagle's Medium (DMEM; Sigma,
St. Louis, MO, USA) with 10% heat-inactivated fetal
bovine serum (FBS), 100 U/mL penicillin, 100 mg/mL
streptomycin in 10 cm dishes at 37°C in a humidified
atmosphere of 5% CO,.

Reagents were purchased commercially as follows;
human IL-1fB, human high-mobility group box 1
(Humanzyme, Chicago, IL, USA); human TNF-a,
human interleukin-6 (IL-6) (Prospec, Rehovot, Israel),
human IFN-y (Peprotech, Rocky Hill, NJ, USA);
dexamethasone, minocycline, doxycycline, human Fas
ligand (Enzo, Plymouth Meeting, PA, USA); losartan,
telmisartan (LKT Laboratories, St. Paul, MN, USA);
dimethyl sulfoxide (DMSO), catalase-polyethylene
glycol (PEG), crystal violet (Sigma, St. Louis, MO,
USA).

2.2. Drug treatment

A549 cells were seeded in 24-well tissue culture plates
at 5 x 10" cells/well overnight. After cell attachment,
the content of FBS in medium was decreased to 2%
by medium change. Cells were pretreated for 1 h with
agents which were expected to confer cytoprotection
and then stimulated with proinflammatory cytokines.
To recapitulate the severe inflammatory condition
in vitro experiments, stimulation of cultured cells
by combination of proinflammatory cytokines, such
as IL-1B/TNF-o/IFN-y (designated as cytomix for
convenience) was employed (/5-17). The concentration
of these cytokines was mainly 10 ng/mL in the present
study. This value was adopted with reference to other
reports (/5-17) and to our preliminary experiments.
In fact, at this concentration, either IL-13 or TNF-a
exerted substantial cytotoxicity in A549 cells. Control
(ctrl) cells were treated with the corresponding vehicle
alone. The concentration of vehicle DMSO or ethanol in

the medium was kept < 0.2% to minimize the effect of
solvents.

2.3. Cytotoxicity of cytokines against A549 cells

The cytotoxicity of cytokines against A549 cells was
evaluated after 24 h-60 h of cytokine stimulation
depending on the purpose of the experiments. Cell
morphologies were observed and photographed
under a light microscope. Cytotoxicity was evaluated
quantitatively by monitoring lactate dehydrogenase
(LDH) concentration in culture medium and by
crystal violet staining (/8,7/9). LDH is abundant in
the cytoplasm and is released into the culture medium
accompanying damage of the cell membrane. Crystal
violet solution can promptly fix and stain living cells on
culture plates. Thus, LDH concentration reflects the total
amount of damaged cells, while crystal violet staining
reflects the total amount of surviving cells.

2.3.1. LDH determination

LDH concentration in culture medium was determined
using a Cytotoxicity Detection Kit Plus (Roche Applied
Science, Mannheim, Germany) according to the
manufacturer's instructions. The samples were measured
spectrophotometrically at a wavelength of 490 nm (with
a reference wavelength of 620 nm). After subtracting the
background control value (medium only), each sample
value was represented in relation to the untreated control
value.

2.3.2. Crystal violet staining

After aspiration of culture medium, surviving cells
were fixed and stained with 0.5% crystal violet in
95% ethanol for 5 min and then washed with tap water
several times. After photographs were taken, 1% sodium
dodecylsulfate (SDS) solution was added to each well to
clute the blue dye and the absorbance at 595 nm of the
eluted samples was measured spectrophotometrically for
quantitative evaluation. The values of samples stimulated
with cytomix in the presence of pretreatment drugs were
calibrated relative to that of the corresponding control
with pretreatment drug only.

2.3.3. Evaluation of caspase activity

To explore the contribution of apoptosis to the cytokine-
induced cytotoxicity of A549 cells, caspase activity
was investigated. To this purpose, the levels of soluble
caspase-cleaved cytokeratin 18 fragments were
measured by M30 cytodeath ELISA (Peviva, Bromma,
Sweden) according to the manufacturer's instructions.
The M30 antibody recognizes a neo-epitope (Asp396)
exposed after cleavage of cytokeratin 18 by effector
caspase (caspase 3, 6, and 7) in human, monkey, and
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bovine epithelial cells (20,217). After subtracting the
background control value (empty blank), each sample
value was represented in relation to the untreated control
value.

2.4. Statistical analysis

Experiments were carried out in triplicate and repeated at
least three times. Data are expressed as means + standard
error of mean (S.E.M.). Statistical significance of
differences between means was determined with either
by Student's ¢ test or by analysis of variance followed
by post hoc Tukey test for multiple comparisons. All
statistical procedures were performed using Excel 2004
(Microsoft, USA) with the add-in software Statmate™
2008 (ATMS, Japan). In all analyses, p < 0.05 was taken
to indicate statistical significance.

3. Results

3.1. Mixture of proinflammatory cytokines exerted
cytotoxicity synergistically in A549 cells

The cytotoxic effects of proinflammatory cytokines

control

-~

»n

Celldamage: LDH (folds of ctrl)

o

control 0.3xCM 1xCM 3xCM 10xCM 30xCM

CM (10ng/mL)

were investigated in A549 cells. Cytomix (a mixture
of IL-1B/TNF-o/IFN-y) induced cell death, a decrease
in cell number, and morphological changes in A549
cells in a dose dependent manner (Figures 1A and
1B). The cytotoxicity became prominent 48 hours
after cytomix challenge (Figure 1C). IL-1 decreased
cell survival (Figures 2A and 2B) and significantly
induced cell damage (Figure 2C). TNF-a showed
similar cytotoxicity, although to a lesser extent than
IL-1p at the same concentration. IFN-y alone failed
to show cytotoxicity at this concentration. However,
adding IFN-y to IL-1B/TNF-a significantly augmented
the cytotoxicity compared to IL-1B/TNF-a alone. This
cytotoxic synergism was thought to reflect the clinical
observations in sepsis where multiple cytokines are
responsible for biological toxic effects in cooperation
(22).

To estimate the role of apoptosis in cytokine-induced
cytotoxicity, the activity of caspases was evaluated by
measurement of cleaved cytokeratin 18 released into the
culture medium. Cytokeratin 18 is a cytoskeleton protein
distributed in the cytoplasm of human epithelial cells. It
is a substrate of activated effector caspases (caspase 3,
6, 7), and the amount of cleaved form in culture medium
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Figure 1. Cytomix induced cell death in A549 cells in a dose-dependent manner. (A) Light microscopic images of A549
cells stimulated with cytomix (CM: a mixture of IL-1B/TNF-o/IFN-y) for 48 h. Dose dependent decrease in cell number and
changes in morphology were observed. The original magnification of the images was 100%. (B) A549 cells were stimulated with
cytomix at various concentrations. 1x CM stands for 1 ng/mL each of IL-1p, TNF-a, and IFN-y. Cell damage was evaluated
by monitoring the concentration of LDH in culture medium at 48 hours after cytomix challenge. Cytomix induced cell damage
in a dose dependent manner in A549 cells. (C) A549 cells were stimulated with 10x CM. Cell damage was evaluated by LDH
measurement at the indicated times after cytomix challenge. The cytotoxicity induced by cytomix became remarkable 48 h after
cytomix challenge. Control cells were treated with the corresponding vehicle alone. Bar graph shows means = S.EM. * p < 0.01
vs. the corresponding control, “ p < 0.01 vs. 24 h, ¥ p < 0.01 vs. 32 h.
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Figure 2. Mixture of proinflammatory cytokines exerted synergistic cytotoxicity in A549 cells. A549 cells were stimulated
with proinflammatory cytokines, alone or in combination as indicated, for 48 h. The concentration of each cytokine was 10
ng/ml. The combination of IL-1B/TNF-o/IFN-y was the most potent in terms of cytotoxicity. Bar graph shows means + S.E.M.
Control (ctrl) cells were treated with the corresponding vehicle alone. (A) Photographs showing crystal violet staining of residual
cells in culture plates. (B) Quantltatlve analysis of crystal violet (CV) staining was performed as described in "Materials and

Methods". * p < 0. 05 vs. ctrl, *
in culture medium. * p < 0.01 vs. control, ¥ p <0.01 vs. IL1,”

vs. IL1," p <0.05 vs. IL1/TNF.

is thought to reflect the extent of apoptotic cell death,
as explained in the "Materials and Methods". Similar
to LDH (Figure 2C), the amount of cleaved cytokeratin
18 was increased significantly by IL-1 or TNF-a but
not by IFN-y alone (Figure 2D). In addition, cytomix
showed the most prominent increase in level of cleaved
cytokeratin 18.

In addition to IFN-y, to explore a more appropriate
combination of inflammatory mediators, cytotoxicity
of other inflammatory mediators, such as Fas ligand,
IL-6, or high-mobility group box 1 (HMGBI1), was
also investigated because these mediators have been
reported to play significant roles in sepsis (/4,21,23).
With contrast to IFN-y, however, Fas ligand, IL-6, or
HMGBI failed to show cytotoxicity in A549 cells,
either alone or in combination with IL-13/TNFy, up to
100 ng/mL (Figure S1) (http://www.biosciencetrends.
com/getabstract.php?id=532).

3.2. Pharmacological attenuation of cytomix-induced
cytotoxicity in A549 cells

Next, to search for cytoprotective agents that can
suppress the cytotoxicity induced by cytomix, various

p <0.05 Vs IL1/TNF. (C) Cell damage was evaluated by monitoring the concentration of LDH
p <0.05 vs. ILI/TNF. (D) Caspase activation was est1mated by the
concentration of cleaved cytokeratin 18 in culture medium using an M30 cytodeath ELISA kit. * p < 0.01 vs. control,

Yp<0.01

agents with antiinflammatory or antioxidative properties
were extensively screened using LDH measurements.
Preliminary experiments revealed that treatment
with glucocorticoid (dexamethasone), tetracycline-
derived antiinflammatory antibiotics (minocycline or
doxycycline), angiotensin II receptor blockers (losartan
or telmisartan), or antioxidants (dimethyl sulfoxide,
catalase) attenuated cytomix-induced cytotoxicity in
a dose dependent manner (data not shown and Table
S1 (http://www.biosciencetrends.com/getabstract.
php?id=532)). On the other hand, pharmacological
agents, which failed to attenuate cytokine-induced
cytotoxicity in A549 cells, are listed in Table S2 (http.//
www.biosciencetrends.com/getabstract.php?id=532).

Dexamethasone is one of the most widely used
drugs for various inflammatory diseases. For ALI it has
been repeatedly reappraised (24,25) although its clinical
validity has not been established. Dexamethasone
improved cell survival after cytomix stimulation in
A549 cells (Figure 3A). Dexamethasone also markedly
attenuated LDH leakage (Figure 3B) and cleavage
of cytokeratin 18 (Figure 3C) induced by cytomix
stimulation.

Tetracycline-derived antibiotics, such as minocycline
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Figure 3. Dexamethasone attenuated cytomix-induced
cytotoxicity in A549 cells. A549 was pretreated with
dexamethasone (Dex: 1 uM) 1 h before cytomix (CM:
a mixture of IL-1B/TNF-0/IFN-y) stimulation. Forty eight
hours after cytomix stimulation, cytotoxicity was evaluated
as described in Materials and Methods. Control cells were
treated with the corresponding vehicle alone. Bar graph shows
means = S.E.M. (A) Dexamethasone significantly recovered
cell number in A549 cells stimulated with cytomix in crystal
violet staining. (B and C) LDH and cleaved cytokeratin 18
in culture medium were also determined. Dexamethasone
significantly decreased LDH (B) and cleaved cytokeratin 18
levels (C) in A549 cells stimulated with cytomix.

or doxycycline, are known to have pleiotropic effects
other than inhibiting growth of microorganisms,
including antiinflammatory and cytoprotective
properties (/7,26,27). Minocycline or doxycycline was
shown to attenuate the cytotoxicity induced by cytomix
in A549 cells similar to dexamethasone (Figure 4) .
Angiotensin II receptor blockade has been shown to
confer cytoprotection in cardiovascular tissues subjected
to inflammation or ischemia/reperfusion injury (28,29).

—_
B =2 [ o
o o o o

ha
(=]

Survival:CV (% of corresponding ctrl)

#
I #
mino doxy
+CM +CM

o

A
CM |

5'B

*

N w ~
;
3+

-y

Cell damage:LDH (folds of ctrl)

of

control minc doxy CM  mino doxy
+CM  +CM

*

-
=]

C

=]

Ceaved CK18:M30 (folds of ctrl)
**

control mino doxy CM mino  doxy

+CM  +CM

Figure 4. Tetracycline-derived antibiotics (minocycline
and doxycycline) attenuated cytomix-induced cytotoxicity
in A549 cells. A549 was pretreated with minocycline (mino:
100 pg/mL) or doxycyclie (doxy: 100 pg/mL) 1 h before
cytomix (CM: a mixture of IL-1B/TNF-0/IFN-y) stimulation.
Forty eight hours after cytomix stimulation, cytotoxicity was
evaluated as described in Materials and Methods. Control
(ctrl) cells were treated with the corresponding vehicle alone.
Bar graph shows means = S.EM. * p < 0.01 vs. control; * p
< 0.01 vs. CM. (A) Minocycline or doxycycline significantly
recovered cell number in A549 cells stimulated with cytomix
in crystal violet staining. (B and C) LDH and cleaved
cytokeratin 18 in culture medium were also determined.
Minocycline or doxycycline significantly decreased LDH (B)
and cleaved cytokeratin 18 levels (C) in A549 cells stimulated
with cytomix.

Some reports have argued that it is also a promising
candidate for alleviating the pathophysiology of ALI
(30,31). Losartan, the first angiotensin II receptor
blocker (ARB) clinically applied, improved cell survival
after cytomix stimulation in A549 cells (Figure 5A).
In addition, it attenuated LDH leakage and cleavage
of cytokeratin 18 induced by cytomix stimulation
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Figure 5. Losartan attenuated cytomix-induced
cytotoxicity in A549 cells. A549 was pretreated with losartan
(Los: 0.5 mM) 1 h before cytomix (CM: a mixture of IL-
1B/TNF-o/IFN-y) stimulation. Forty eight hours after cytomix
stimulation, cytotoxicity was evaluated as described in
"Materials and Methods". Control cells were treated with the
corresponding vehicle alone. Bar graph shows means + S.E.M.
(A) Losartan significantly recovered cell number in A549
cells stimulated with cytomix in crystal violet staining. (B and
C) LDH and cleaved cytokeratin 18 in culture medium were
also determined. Losartan significantly decreased LDH (B)
and cleaved cytokeratin 18 levels (C) in A549 cells stimulated
with cytomix.

(Figures 5B and 5C). Telmisartan, another established
ARB, showed similar cytoprotective effects in cytomix-
stimulated A549 cells (data not shown).

Oxidative stress is potentially cytotoxic and has
been implicated in the mechanisms of various diseases,
including acute disease such as systemic inflammation

or ischemia-reperfusion injury (32,33). There are
a number of antioxidants with respective spectrum
for neutralizing reactive oxygen species. DMSO,
an important polar aprotic solvent, has antioxidant
properties such as reducing lipid peroxidation (34).
Catalase is a common enzyme found in nearly all
living organisms that are exposed to oxygen, where it
catalyzes the decomposition of hydrogen peroxide to
water and oxygen (35). These antioxidants attenuated
the cytotoxicity induced by cytomix in A549 cells,
in terms of cell survival, cell damage, or cleavage of
cytokeratin 18 (Figure 6).

3.3. Dexamethasone or losartan still exerted
cytoprotection with delayed treatment after challenge of
cytomix in A549 cells

Cytoprotcetive effects of dexamethasone or losartan
were tested as therapeutic agents, meaning that drug
administration began after cytomix challenge in A549
cells. Dexamethasone (Figures 7A and 7B) or losartan
(Figures 7C and 7D) still conferred cytoprotection
significantly with delayed administration up to 12
hours after cytomix challenge, although the degree of
cytoprotection decreased compared to pretreatment.

4. Discussion

The main findings of the present study can be
summarized as follows:

1. A mixture of proinflammatory cytokines (IL-1f/
TNF-a/IFN-y) exerted synergistic cytotoxic effects in
the human alveolar epithelial cell line A549.

2. Cytokine-induced cytotoxicity was mediated
at least partially by the caspase-dependent apoptotic
signaling pathway.

3. Antiinflammatory agents, such as glucocorticoid
(dexamethasone), tetracycline-derived antibiotics
(minocycline, doxycycline), angiotensin Il receptor
blockers (losartan, telmisartan), or antioxidants (DMSO,
catalase) showed prominent cytoprotective effects
against the cytotoxicity induced by proinflammatory
cytokines.

4. Dexamethasone or losartan still exerted
cytoprotection following late treatment after challenge
of cytomix in A549 cells.

IL-1B and TNF-a are postulated to be the two
main proinflammatory cytokines involved in systemic
inflammation (7, /7). Either of these cytokines alone
can induce clinical manifestations, such as hypotension,
high fever, chills, and organ dysfunction, representative
of sepsis (22). In the present study, these cytokines
showed cytotoxicity in A549 cells. Although IFN-y has
not yet been regarded as essential in pathophysiology
of sepsis like IL-1p3 or TNF-a, this study clearly
showed that it enhanced the cytotoxicity of IL-1p and
TNF-a. In fact, the importance of IFN-y in the native

www.biosciencetrends.com



BioScience Trends. 2012, 6(2):70-80. 76

DMSO Catalase
E 100 - A E100 . D
g 2
T g0 T go
& p<0.01 5 P <0.01
g 60 g 60 |
o o
2 i
S 40 o 40
= =
> =
O 20 © 20 |
3 2
g o 2 0
2] CM DMSO+CM @ CM CM+catalase
' B __P=<001 I E P <0.01

.

Cell damage: LDH(folds of ctrl)

1 1

o

DMSO+CM

control DMSO CM
~10
£ C P<0.05
5
08
=4
=
o6
o)
=
8,0
x
[&]
®
22
(1]
s, 1l
o, |
control DMSO CM DMSO+CM

[} w S

Cell damage: LDH (folds of ctrl)

10

o

control catalase CM  catalase+CM
I F
=) P <0.01
8 _rr ~VVL
s
w 6
=]
el
[=]
[s]
=4
5
=
[}
g2
=
[0}
o
° j ]
0
control catalase CM  catalase+CM

Figure 6. Antioxidants (DMSO or catalase) attenuated cytomix-induced cytotoxicity in A549 cells. A549 was pretreated with
dimethyl sulfoxide (1% DMSO, A-C) or catalase conjugtated to polyethylene glycol (1,000 unit/mL, D-F) 1 h before cytomix (CM:
a mixture of IL-1p/TNF-a/IFN-y) stimulation. Forty eight hours after cytomix stimulation, cytotoxity was evaluated as described
in "Materials and Methods". Control (ctrl) cells were treated with the corresponding vehicle alone. Bar graph shows means + S.E.M.
DMSO (A) or catalase (D) significantly recovered cell number in A549 cells stimulated with cytomix in crystal violet staining.
LDH and cleaved cytokeratin 18 in culture medium were also determined. DMSO (B and C) or catalse (E and F) significantly
decreased LDH and cleaved cytokeratin 18 levels in A549 cells stimulated with cytomix.

immune system has recently attracted a great deal of
attention (36). For example, IFN-y promotes innate
immune response by activating macrophage, which
plays major roles in eliminating infectious pathogens.
IFN-y enhances immune cell responsiveness to other
inflammatory stimuli, such as toll-like receptor ligands
and TNF. This phenomenon, termed as "priming",
greatly augments toll-like receptor-induced expression
of inflammatory mediators and immune effectors
including multiple cytokines and chemokines, and
profoundly affects biological outcomes of inflammation.

In a murine model of sepsis induced by cecal ligation
and puncture (CLP), late administration of anti-IFN-y
antibody enhanced survival (37). In fact, high levels
of IFN-y has been demonstrated in some populations
with clinical systemic inflammation, especially in
virus-associated ALI such as SARS (severe acute
respiratory syndrome) (8,/0). Multiple inflammatory
mediators have been proved in the bloodstream and
bronchoalveolar lavage fluid of patients with septic
ALI (1/0-13). The observation that a mediator such
as IFN-y, which has minimal direct toxicity against
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Figure 7. Dexamethasone or losartan still exerted cytoprotection with delayed treatment after cytomix challenge in A549
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the degree of cytoprotection decreased significantly compared to pretreatment (— 1 h). Control (ctrl) cells were treated with the
corresponding vehicle alone. Bar graph shows means = S.E.M. * p < 0.01 vs. CM; ¥ p <0.01 vs. pretreatment (—1 h).

parenchymal cells, can exert synergistic cytotoxicity in
combination with other mediators implies the complex
pathophysiology of sepsis and suggests one reason for
the failure of antiinflammatory strategies targeting a
single mediator such as IL-1p or TNF-a (38).
Neutrophil recruitment and epithelial injury
play pivotal roles in the development of ALI
(5-7,21). A number of inflammatory mediators,
such as proinflammatory cytokines, lipid mediators,
complements, reactive oxygen species or neutrophil-
derived ptoteases such as elastase (39), are postulated to
be responsible for loss of epithelial integrity. However,
there is little doubt that proinflammatory cytokines
make a substantial contribution in initiating the
pathological process of septic ALI. Thus, elucidation of
the direct link between proinflammatory cytokines and
epithelial injury, focusing on molecular mechanisms,
is indispensable to understand the progression of

septic ALI. The present study confirmed that human
alveolar epithelial cells were damaged after challenge
by proinflammatory cytokines. Cell death evoked by
cytokine challenge was remarkable, and the increase
in level of cleaved cytokeratin 18 strongly suggested
the substantial involvement of caspase-dependent
apoptosis. These results are compatible with other
reports arguing that apoptosis pathways are activated in
septic ALI experimentally or clinically (5-7,11,40,41).
As it has been established that hyperinflammatory
status is the major pathophysiology of septic ALI,
modifying inflammation should be highlighted as one
of the central strategies for alleviating septic ALI.
Although protective ventilatory strategies have been
shown to lessen mortality in ALI patients (4), the way
of directly downregulating inflammation itself has not
been fully examined. In addition, there is increasing
evidence that oxidative stress as well as nitrosative
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stress prevails at sites of inflammation as adaptive
responses of the host, such as antimicrobial strategies
or stress-evoked signal transduction (32,33). As
excessive oxidative stress in turn causes tissue damage
of host cells, alleviation of oxidative stress can be a
promising alternative to controlling inflammation-
associated injury in septic ALI (42,43). In the present
study, we screened agents with antiinflammatory or
antioxidative properties for cytoprotective effects in the
in vitro model mimicking alveolar hyperinflammation.
We have demonstrated that antiinflammatory agents
dexamethasone, tetracycline-derived antibiotics,
or ARBs attenuated cytokine-induced cytotoxicity
including caspase activation in A549 cells. In addition,
antioxidants such as DMSO or catalase similarly
attenuated cytokine-induced cytotoxicity. These
agents have been referred to as cytoprotective in
inflammation-associated conditions (24-35), although
clinical validity has not been fully defined, especially
in septic ALI. Further investigations are underway to
clarify the mechanism of pharmacological attenuation
of cytokine-induced cytotoxicity. It is widely accepted
that inflammatory stimuli activate NF-kappaB pathway
and MAP kinase pathway (44). Simultaneously,
oxidative stress contributes to epithelial injury because
catalase was effective in attenuating inflammation-
associated cell death in the present results. Thus, we
are now focusing on NF-kappaB pathways, MAP
kinase pathways and sources of oxidative stress (such
as mitochondria, NADPH oxidase, xanthine oxidase,
inducible nitric oxide synthase, or arachidonic acid
cascade), as cytotoxic signal pathways evoked by
inflammatory stimuli (Figure 8).

The present study has some limitations. First, A549
is a cancer cell line and its intrinsic cell death pathways
may differ from those of physiological human alveolar
epithelial cells. Second, cytotoxic mediators employed
here were IL-1B/TNF-a/IFN-y and it is not clear
whether this combination is optimal in simulating in
vivo hyperinflammatory status. Third, the methods used
to detect cell death in our experiments were limited.
For example, the apoptotic component was estimated
based on the level of cleaved cytokeratin 18 and was
not confirmed directly by morphological evidence of
apoptosis.

However, it is important to check the signaling
pathway using human cells as well as using in vivo
animal models. It is practically impossible to include
all of inflammatory mediators as stimulants. The
combination of IL-1B/TNF-a/IFN-y has often been
adopted to set up hyperinflammation in vitro and
accepted in many medical journals (/5-17,45-48). In
the present study it exerted sufficient cytotoxicity with
clinical relevance as discussed earlier. It is reported
that in clinical septic patients, numerous cytokines,
irrespective pro-, or anti-inflammatory, appear in an
overlapping manner as long as inflammatory process

Proinflammatory cytokines

l

Cytokine receptor

) h

MAP kinases Nf-kappaB Oxidative stress

|

AP-1

/

Inflammation-evoked gene products

Cellular dysfunction

\ (including cell death) /

Figure 8. Proposed signaling pathways through which
proinflammatory cytokines induce cytotoxicity in alveolar
epithelial cells. Putative intracellular signaling components
responsible for proinflammatory cytokine-induced cellular
dysfunction are shown. It is postulated that cytoprotective
agents will interfere in somewhere in the above-mentioned

signaling pathways (see "Discussion"). MAP kinase: mitogen
activated protein kinase; AP-1: activating protein-1.

continues (49). Thus, we postulate that IL-13/TNF-o/
IFN-y is a minimum and appropriate mixture to
simulate the status of clinical cytokine storm in in
vitro system. Lastly, direct confirmation of apoptosis
was not the main objective of this study. Apoptosis is
now regarded as just one form of cell death patterns
in the recent framework explaining the physiological
cell death mechanism (6). Thus, evaluation of overall
cytotoxicity is more important when differential
demonstration of other cell death patterns, such as
autophagy, necroptosis, or caspase-independent other
programmed cell death, has not been well established
yet.

In conclusion, inflammatory cytokines showed
synergistic cytotoxic effects on A549 cells. Caspase-
dependent apoptosis was speculated to be one
mechanism responsible for the cytokine-induced
cytotoxicity. Agents with antiinflammatory or
antioxidative properties such as glucocorticoid,
tetracycline-derived antibiotics, angiotensin II receptor
blockers, or antioxidants showed substantial effect
in attenuating cytokine-induced cytotoxicity. Further
investigations to clarify the mechanisms of their
beneficial effects will contribute to exploring new
treatment options for ALI.
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Summary

Human serum albumin (HSA) is used as an important plasma volume expander in clinical
practice. In the present study, HSA was N-terminally PEGylated and a PEGylated HSA
(PEG-HSA) carrying one chain of PEG (20 kDa) per HSA molecule was obtained. The
purity, secondary structure and hydrodynamic radius of the modified protein were
characterized using sodium dodecyl sulfate polyacrylamide gel electrophoresis, circular
dichroism measurements, and dynamic light scattering, respectively. The pharmacokinetics
in normal mice and vascular permeability of the PEG-HSA in a lipopolysaccharide-
induced acute lung injury mice model were evaluated. The results showed that the
biological half-life of the modified HSA was approximately 2.2 times of that of native HSA,
and PEG-HSA had a lower vascular permeability which suggested that PEGylation of
HSA could reduce extravasation into interstitial space. It can be inferred that due to the
prolonged half-life time and enhanced vascular retention, the molecularly homogeneous
PEG-HSA may be a superior candidate as a plasma volume expander in treating capillary
permeability increase related illness.

Keywords: Human serum albumin, N-terminal PEGylation, vascular permeability,
pharmacokinetics

1. Introduction

Human serum albumin (HSA) is the major protein
component of human plasma with a plasma content of
42 + 3.5 g/L. It consists of a single non-glycosylated
polypeptide chain of 585 amino acids forming a heart-
shaped molecule with molecular weight of 66.5 kDa
(1). HSA is responsible for 80% of the colloid osmotic
pressure of plasma (25-33 mmHg). Because of this,
its main clinical use is in maintaining colloid osmotic
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E-mail: fswang@sdu.edu.cn

pressure and increasing circulating plasma volume.
HSA is widely used to treat hypovolemia caused by
traumatic shock, massive hemorrhage, burns, cirrhosis
with ascites and hypoalbuminemia, with a usual dosage
of 10 g/dose or more (2).

In spite of the many theoretical benefits of albumin
infusion in critically ill patients, the clinical use of
albumin is still controversial. It is reported that the
loss rate of albumin to tissue spaces rose by more than
300% in patients with septic shock and the average
increase occurring within 7 h of cardiac surgery was
100% (3,4). The transcapillary escape rate in cachectic
cancer patients was twice that of healthy individuals
(5). Increased vascular permeability is an important
cause of the hypoalbuminemia commonly seen in
acute and chronic disease (6). Under these conditions,
correction of low plasma volume therefore becomes
essential. However, the plasma expanding effect
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of HSA is transient due to a continuous leakage of
macromolecules into the interstitial space (7), such poor
intravascular retention does not only lead to interstitial
edema but also demands frequent HSA infusion to
maintain the desired blood concentration (8).

In addition, commercial production of HSA is
primarily based on fractionation of plasma obtained
from blood donors, which is limited in supply but has
high clinical demand globally. Many efforts have been
made to develop a substitute for plasma-derived HSA
(pdHSA) by means of gene manipulation techniques
(2,9). However, due to the high dosage of HSA in
clinical applications, there is still an unsettled problem
concerning the establishment of techniques for high
purity, low cost, industrial, large-scale production
of recombinant HSA (rHSA). Therefore, at present,
plasma is still the most important source of HSA as a
plasma volume expander.

In the present study, we hypothesized whether
an albumin alternative agent with properties of good
intravascular retention and a long life time could be
developed to solve the problems of interstitial edema
and frequent infusion. Increasing the molecular weight
of HSA may be a very good potential approach to
make a modified HSA as a superior volume expander.
We conjugated HSA with polyethylene glycol (PEG)
in a site-specific manner by taking advantage of the
differences between the pKa values of the a-amino
group of the N-terminal amino acid residue and the
g-amino groups of the Lys residues in the protein
backbone. This N-terminal PEGylation could generate a
chemically well-defined and molecularly homogeneous
modified HSA product. The secondary structure and
hydrodynamic radius was characterized. In addition, a
pharmacokinetics study of native HSA and PEGylated
HSA (PEG-HSA) was conducted using an iodine-125
(1) isotope tracing technique in mice, and vascular
permeability was evaluated in a murine model of
lipopolysaccharide (LPS)-induced lung injury.

2. Materials and Methods
2.1. Materials

Propionaldehyde-derivatized 20 kDa linear
monofunctional PEG (mPEG) was purchased from
Beijing Kaizheng Biotech Development Co., Ltd.,
Beijing, China. HSA was kindly provided by Shandong
Taibang Biologic Products Co., Ltd., Taian, China.
"I was purchased from the China Institute of Atomic
Energy, Beijing, China. DEAE Sepharose Fast Flow
was purchased from GE Healthcare Bio-Sciences,
Piscataway, NJ, USA. LPS from Escherichia coli 055:B5
was a product of Sigma-Aldrich, St Louis, MO, USA.
Other reagents and chemicals were of commercially
available analytical grade. Circular dichroism
(CD) spectra were measured using a Chirascan

spectropolarimeter, Applied Photophysics, Surrey,
UK. Dynamic light scattering (DLS) measurements
were performed on a DAWN®” HELEOS™ multi-angle
laser light scattering photometer, Wyatt Technology,
Santa Barbara, CA, USA. Histology examination was
conducted with an inverted fluorescence microscope
(Olympus, Tokyo, Japan).

2.2. Animals

Four to five week-old male Kunming mice weighing
18-20 g used in the experiments were supplied by the
experimental animal center of Shandong University.
The animals were housed in animal facilities accredited
by the Shandong Council on Animal Care and treated
in accordance with approved protocols. Animals were
maintained in a specific pathogen-free environment that
was temperature-controlled (23 + 2°C) and humidity-
controlled (60 = 10%), under a 12:12 h light/dark cycle.

2.3. Preparation of 20 kDa mPEG-propionaldehyde-
modified HSA

The reaction was carried out with stirring at 4°C for 36
h using 25 mg freeze-dried HSA at a 5 mg/mL protein
concentration in 10 mM sodium phosphate buffer, pH
6.0, containing 20 mM sodium cyanoborohydride. The
PEG-propionalde derivative (Mw = 20 kDa, 23 mg)
was added to give a 3:1 molar ratio of PEG/protein.

The reaction mixture was stopped by diluting the
mixture with 10 volumes of buffer A (10 mM phosphate
buffer, pH 6.5) and applied to a DEAE Sepharose
FF column (2.6 cm x 20 cm) which was initially
equilibrated with buffer A. The column was washed
with buffer A to remove unconjugated PEG and then,
bound proteins were eluted with an ascending linear
gradient up to 40% buffer B (10 mM phosphate buffer,
pH 6.5 containing 1 M NacCl) over 5 column volumes.
The elution was monitored at 280 nm. The fraction
containing mono-PEGylated HSA was collected and
desalted by ultrafiltration employing a membrane with
a 30 kDa cut-off. Protein concentration was determined
using a bicinchoninic acid (BCA) assay kit (Solarbio,
Beijing, China) according to the manufacturer's
instructions.

2.4. Purity identification of PEGylated HSA using sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE)

Reaction mixtures and fractions from the DEAE column
were analyzed by SDS-PAGE. Samples in loading buffer
were incubated at 100°C for 5 min, and loaded on a 10%
polyacrylamide Tris-glycine gel according to Laemmli
(10). Electrophoresis was programmed using a two-step
mode applying constant voltages of 80 V in the stacking
gel and 130 V in the separation gel. After approximately
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2 h, gels were stained with Coomassie Brilliant Blue
R-250 overnight and destained afterwards. Gel images
were scanned immediately after the destaining steps on
a gel imaging system.

2.5. Secondary structure analysis by far-UV CD
measurement

CD analysis was used to examine the secondary
structural conformation of HSA and PEG-HSA. CD
measurements were taken on an Applied Photophysics
Chirascan spectropolarimeter using a 1 mm circular
quartz cell at room temperature. The spectra were
recorded in the far UV (190~260 nm) using 5 uM HSA
solution or an equimolar quantity of PEGylated HSA
in 50 mM phosphate buffer, pH 7.4 (8). The bandwidth
was 1 nm and time-per-point was 1 sec.

2.6. Hydrodynamic radius determination by DLS

DLS was used to characterize the hydrodynamic radius
(R,) of HSA and PEG-HSA molecules. A linearly
polarized gallium arsenide (GaAs) laser operating at
658 nm was used to illuminate the sample which was
maintained at 25°C. Observations were made at a
scattering angle of 99°. Scattering intensity data were
processed using the instrumental software to obtain the
R, and size distribution of each sample. All calculations
were based on the Stokes-Einstein equation: R, =
kpT/67n,D where R, is the hydrodynamic radius, 4 is
Boltzmann's constant, T is the absolute temperature,
n, 1s the solvent viscosity, and D is the translational
diffusion coefficient (/7). The protein samples were
prepared by dissolution of an appropriated amount of
freeze-dried powder in saline and filtered through a 0.22
pum filter (Millipore, Billerica, MA, USA).

2.7. Pharmacokinetic study

HSA and PEG-HSA were iodinated with Na'*’I using
iodogen (1,3,4,6-tetrachloro-3a,6a-diphenylglycoluri)
methods as described previously (/2). '*I-labeled
HSA and PEG-HSA solutions were administered as
a single i.v. bolus injection in saline via the tail vein
of Kunming mice. Blood samples (100 puL) were
collected at 5, 20, and 45 min and at 1, 4, 8, 12,
24, 36, 48, 60, 72, 84, and 96 h post injection and
plasma was harvested by centrifugation. '*I-HSA or
'"I-PEG-HSA associated radioactivity in the plasma
samples was determined after precipitation with
10% trichloroacetic acid (TCA) (/3). The resultant
TCA precipitates were counted for radioactivity
using a Packard Cobra II Auto-Gamma Counter to
determine the '*’I radioactivity associated with HSA.
Pharmacokinetic parameters were evaluated using
practical pharmacokinetic program version 97 (supplied
by Chinese Pharmacological Society).

2.8. Pulmonary microvascular permeability in the LPS-
induced capillary leak model

The vascular permeability of HSA and PEG-HSA
was evaluated using LPS-induced capillary leak as a
model system. Pulmonary capillary leak was induced
by intranasal (i.n.) administration of 10 pg LPS in
50 pL saline, and 50 pL of saline solution alone was
administrated to Kunming mice as a control (/4). HSA
and PEGylated HSA were labeled with fluorescein
isothiocyanate (FITC) as described by Monsigny
et al. (15). Mice were randomly allocated to three
experimental groups: control group (saline + FITC-
HSA), HSA-treated model group (LPS + FITC-HSA),
and PEG-HSA-treated model group (LPS + FITC-
PEG-HSA). FITC-labeled protein (0.42 mg/kg) were
administered intravenously (i.v.) via a tail vein 20 min
after the injection of LPS or saline. At 4 h post LPS
administration, mice were anesthetized, and the thorax
was opened, left atrium incised, and the lung was
perfused in situ with isotonic saline via the pulmonary
artery. Then the flushed pulmonary tissue was removed
and fixed in 10% formalin for fluorescence micrograph
studies. The fluorescence intensities of mice lung frozen
sections were examined with an inverted fluorescence
microscope using 40% objectives.

2.9. Statistical analysis

All data are expressed as mean = S.D., except where
otherwise noted. The data were statistically analyzed
using student's #-test. Statistic analysis was performed
using 3P97 (Chinese Academy of Sciences Mathematics
Research Institute).

3. Results

3.1. Preparation of 20 kDa mPEG-propionaldehyde-
modified HSA

The PEG-HSA conjugate was prepared by reductive
alkylation between propionaldehyde derivatives of a
20 kDa mPEG molecule and the free a-amino group of
the N-terminal amino acid residue of HSA. By taking
advantage of the differences between the pKa values of
the a-amino group of the N-terminal amino acid residue
and the e-amino groups of the Lys residues in the
protein backbone (/6), the mPEG propionaldehyde was
expected to be selectively conjugated to the N-terminal
a-amino group of HSA and a homogeneous conjugate
would be obtained. Figure 1 shows the results of SDS-
PAGE analysis and DEAE Sepharose FF column
chromatography for the products of the PEGylation
reaction. SDS-PAGE analysis of native HSA and
conjugation reaction mixture (lanes 2 and 3, respectively,
in Figure 1A) showed that, compared with the lane of
native HSA (Mw = 66.5 kDa) and the protein molecular
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Figure 1. Purification of the PEGylated HSA. (A) SDS-PAGE analysis of column fractions. Gel was stained with Coomassie
Brilliant Blue R-250. Lane 1, markers; lane 2, native HSA; lane 3, PEGylation reaction mixture; lane 4, peak 1 eluted from DEAE
Sepharose FF column. Five micrograms of protein was applied in each lane. (B) Elution profile for DEAE Sepharose FF column
chromatography of the HSA PEGylation reaction mixture. Solid line, absorbance at 280 nm; dashed line, NaCl concentration (M).

weight markers, a new protein band with an apparent
molecular weight of about 100 kDa was observed in
the reaction mixture lane. According to the molecular
weight of the new protein, it could be inferred that only
one PEG chain was attached onto each HSA molecule,
and thus the mono-PEGylated HSA was predominantly
produced by using mPEG-propionaldehyde. The
modification rate was up to 35% as estimated by optical
density scanning of the electrophoretic bands.

The PEGylated HSA was purified from non-
PEGylated protein and unreacted PEG by ion exchange
chromatography using a DEAE Sepharose FF column.
As shown in Figure 1B, two major peaks were obtained
with NaCl linear gradient elution. SDS-PAGE of the
fractions showed a band with an apparent molecular
weight of 90 kDa eluted at 0.18 M NaCl was PEG-HSA
(lane 4 in Figure 1A, peak 1 in Figure 1B), whereas the
unmodified PEG was eluted at 0.3 M NaCl (peak 2 in
Figure 1B). The yield of the purified mono-PEGylated
HSA was about 32%.

3.2. Secondary structure analysis by far-UV CD
measurement

To obtain information of the secondary structure changes
of PEG-HSA, CD measurements of HSA and PEG-HSA
were performed in the far-UV region (Figure 2). The
far-UV CD spectrum of the PEGylated HSA showed the
same shape as that of native HSA. The result indicated
that the PEG-HSA structure was almost identical to that
of native HSA and PEGylation did not cause significant
alteration of the secondary structure of HSA.

3.3. Hydrodynamic radius determination by DLS

The distribution of the hydrodynamic radius of HSA
and PEG-HSA in saline obtained by DLS is shown

Circular Dichroism (mdeg)

A | | i i i |
0019[] 200 210 220 230 240 250 260

Wavelength (nm)

Figure 2. CD profiles of native HSA and PEG-HSA. CD
spectra were recorded at room temperature with a 0.1 cm light
path cuvette. All samples were dissolved in 50 mM phosphate
buffer, pH 7.4. Red line, HSA; blue line, PEG-HSA.

in Figure 3. The protein concentration determined by
BCA assay was 0.01 mg/mL. The hydrodynamic radius
(R,) distribution of PEG-HSA was more heterogeneous
than that of native HSA due to polydispersity of the
conjugated mPEG molecules. The calculated R, of
PEG-HSA was 50.7 nm, which was increased about 6.5
times as compared to that of the HSA molecule (R, =
7.8 nm).

3.4. Pharmacokinetic study

PEGylation of therapeutic peptides and proteins is a
useful method for prolonging their circulation time
in blood (/7). The pharmacokinetics study of native
HSA and PEG-HSA conjugate was conducted by
the I isotope tracing method. Blood levels of the

proteins were measured from 5 min to 96 h post
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Figure 3. Hydrodynamic radius distribution of HSA and
PEG-HSA. Hydrodynamic radius was determined by DLS at
a concentration of 0.01 mg/mL of HSA (A) or PEG-HSA (B)
in saline at 25°C.

injection. The plasma radiolabeled HSA and PEG-HSA
concentration versus time profiles following a single
i.v. bolus injection in mice is shown in Figure 4, and
the pharmacokinetic parameters for these two proteins
using a two-compartment model are listed in Table 1. It
can be seen in Figure 4, that the plasma concentrations
of native HSA and PEG-HSA showed an exponential
declining pattern after i.v. administration. The
elimination of PEG-HSA was slower than that of native
HSA. The half-life of the PEG-HSA (22.5 + 1.7 h) was
increased about 2.2 times, as compared to that of native
HSA (10.3 £ 0.4 h). On the other hand, the '“I-PEG-
HSA showed a two-thirds decrease in clearance (CL),
and a marked increase in the area under the plasma
concentration-time curve (AUC) was observed. These
results suggest that PEG-HSA has longer retention in
blood circulation.

3.5. Pulmonary microvascular permeability in LPS-
induced capillary leak model

Endotoxin, the bacterial LPS released from the bacterial
cell wall, is considered to be an important eliciting
factor in the development of acute lung injury (/8). The
increment of endothelial permeability is an indicator
of lung injury in murine models (/9). In this study,
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Figure 4. Plasma level of radiolabeled proteins after a
single intravenous administration of '“I-HSA or "*I-PEG-
HSA to normal mice. Closed symbol, '’I-HSA; open
symbol, '“I-PEG-HSA. Data is expressed as a percentage of
injected dose per milliliter plasma (%ID/mL) and each point
represents the mean = S.D. (n = 3).

Table 1. Pharmacokinetic parameters estimated by two-
compartmental model analysis following a single i.v. bolus
injection of '’I-HSA or '’I-PEG-HSA to mice.

Paramaters HSA PEG-HSA
AUC,., (ug-h/mL) 2.79+0.09 10.95 + 1.06™
t)0q (D) 0.17 +0.08 0.82 +0.65
ty5 (h) 10.3+0.4 225+1.7"
CL (mL/h) 0.39+0.03 0.13£0.01""
MRT (h) 22.6+0.8 425+3.4"
Vdss (mL) 5.62+0.12 4.08 +0.44"

Data are expressed as mean = S.D. (n = 3).* p < 0.05, ** p < 0.01,
1. PEG-HSA vs. '“I-HSA.Abbreviations: HSA, human serum
albumin; PEG-HSA, PEGylated HSA; AUC, area under the curve;
CL, clearance; MRT, mean residence time; Vdss, steady state volume

of distribution.

vascular permeability of native and PEGylated HSA
was evaluated using a LPS-induced acute lung injury
model. The extravasation of FITC-labeled protein into
pulmonary tissue was used as an index of vascular
permeability. As shown in Figure 5, under a fluorescent
microscope, an increase in fluorescence intensity was
observed in the HSA-treated model group compared
with the control group, which meant the modeling
succeeded. Meanwhile, a lower vascular permeability
of FITC-PEG-HSA was observed compared to FITC-
HSA. These results suggested that the PEGylation of
HSA could reduce extravasation into lung parenchyma.

4. Discussion

HSA has been widely used for the treatment of
shocks, burns, trauma, and various critical illnesses
that result in albumin loss, but previous studies have
produced conflicting results regarding the safety and
efficacy of the use of albumin in critical illness with
increased capillary permeability (20,21). Under such
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Control group

HSA group

PEG-HSA group

Figure S. Typical fluorescence micrographs of pulmonary
tissues at 4 h after LPS intranasal administration in
acute lung injury mice. Vascular permeability of HSA and
PEG-HSA was evaluated using a LPS-induced capillary
leak model. Top, control group; middle, HSA-treated group;
bottom, PEG-HSA-treated group. Bars, 10 pm.

conditions, the HSA infused as a plasma expander
may be transported to tissue and bring on further
edema. In this study, we modified HSA in a site-
specific manner by covalent conjugation of commercial
propionaldehyde-derivatized 20 kDa mPEG to the HSA
molecule N-terminus. The structurally uniform PEG-
HSA was easy to obtain and the preparation method
was reproducible. As can be inferred from CD spectra,
the structural characteristics of the PEGylated HSA
are almost identical to that of native HSA (Figure 2),
which indicated that PEGylation did not influence the
secondary structure of HSA.

PEG conjugation is regarded as a valuable technique

in applied biotechnology that makes protein drugs more
water-soluble, non-aggregating, non-immunogenic
and more stable to proteolytic digestion (22). PEG-
propionaldehyde with a large molecular weight of 20
kDa was selected in order to endow the protein with
a marked masking effect and a larger hydrodynamic
radius. As each ethylene oxide unit of PEG binds 2-3
water molecules by hydrogen bonds, the PEG molecule
acts as if it were five to ten times larger than a protein
of comparable molecular weight (23). In our study, the
hydrodynamic radius of PEG-HSA was increased by
over 6.5 times, although the molecular weight of PEG-
HSA was just 1.3 times that of native HSA (Figure
3, Table 1). The conjugation of HSA with the 20 kDa
mPEG endows the HSA molecule with a great hydrated
volume.

The pharmacokinetic analysis of PEG-HSA
indicated that the PEGylated HSA showed a longer
intravascular residence time (Figure 4). It has been
reported that the mechanism of HSA breakdown
involves endocytotic uptake into vesicles, which could
fuse with lysosomes in endothelial cells (24). This
process involves binding to the scavenger receptors
(gp18 and gp30) on the endothelial surface membrane
(25). Hence, it is likely that the degradation reduction
effect of chemical modification of proteins is due to
the masking effect of PEG attached to the surface of
the HSA molecule, which can prevent recognition of
the scavenger receptors, reticuloendothelial system and
proteolytic enzymes.

Under normal physiological conditions, the HSA
molecule distributes between the intravascular and
extravascular compartments. Each day, 120~145 g of
HSA is lost into the extravascular space and most of
this is recovered back into the circulation by lymphatic
drainage (26). Critical illness, such as sepsis, shock and
major injury, breaks the distribution balance of HSA
between the two compartments. The altered distribution
is related to an increase in capillary leakage. In this
situation, using exogenous albumin to increase the
plasma albumin concentration seems beneficial, but
it is argued that the infused albumin was inefficient
in reducing liquid shift and may contribute to delayed
pulmonary edema (27). In this study, we expected
that increasing the molecular size of albumin by PEG
modification could reduce the flow of albumin across
capillary membranes under conditions with increased
capillary leakage. LPS-induced acute lung injury
was used to compare the pulmonary microvascular
permeability properties of HSA and PEG-HSA. In
this model, inflammatory cascade reactions induce
increased microvascular permeability and capillary
leakage, especially in pulmonary tissue (23). We
observed a significant lower vascular permeability of
the PEG-HSA at 4 h after injection (Figure 5), which
indicated that increasing the molecular size of albumin
by PEG modification could reduce transcapillary loss
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of albumin molecules. Based on the hydrodynamic
radius determination and pulmonary microvascular
permeability measurement, it can be inferred that
increasing the molecular weight of HSA by PEGylation
may contribute to improvement of intravascular
retention, and prevent intravascular fluid loss and
interstitial liquid accumulation.

The results of the pharmacokinetic study and
pulmonary microvascular permeability of N-terminal
PEGylated HSA in this study are very similar to those
of Cys34-specific PEGylated HSA as we described
previously (29). The molecular weights of PEG
reagents applied to these two conjugations targeting
different modification sites were both 20 kDa. Many
studies have shown that the in vivo behavior and
biological properties of drug-PEG conjugates were
markedly dependent on the molecular weight of the
PEG conjugated (30,37). This information provides a
reasonable explanation for our results. However, the
PEGylation on the two modification sites (N-terminal
amino group and sulfydryl group at Cys34) may have
different influences on the drug binding functions of
HSA, and this work is being carried out in our lab.

In conclusion, the present study offers a simple,
reliable method to reduce vascular permeability and
improve half-life in circulation of infused HSA, and
consequently promotes intravascular retention and
decreases administration frequency. Our main task
in the future is investigation of pharmacodynamics
of PEGylated HSA, optimization of modification
strategies and in vivo safety evaluation of different
modified products.
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Summary

Lysimachia christinae Hance (Primulaceae) is a medicinal plant. The present study
was undertaken to investigate protection of L. christinae against acute alcohol-induced
liver injury in mice, the related mechanism of oxidative stress and its hepatoprotective
chemical compound for the first time. Mice were orally administered alcohol at 6 g/kg 2
h after a 75% ethanol extract of L. christinae (ET) (100, 200, 400 mg/kg), quercetin (2,
4, 8 mg/kg) isolated from L. christinae, or bifendate (150 mg/kg) for seven consecutive
days by intragastric administration (i.g.) except the normal group. Serum and liver tissue
samples were collected 6 h after alcohol administration and the amount of quercetin in
ET was analyzed by high-performance liquid chromatography (HPLC) with a diode
array detector (DAD). The results showed that alcohol-induced elevated serum alanine
transferase (ALT) and aspartate transaminase (AST) activities were significantly reduced
by ET (200, 400 mg/kg), quercetin (4, 8 mg/kg) and bifendate (150 mg/kg), respectively.
Further analysis demonstrated that lipid peroxidation (LPO) levels significantly decreased,
while glutathione amounts, glutathione-s transferase (GST), glutathione peroxidase (GPx),
superoxide dismutase (SOD) and catalase (CAT) activities all increased in livers of ET-,
quercetin-, and bifendate-treated mice. Besides, amount of quercetin in ET was 1.03%.
Taken together, our results indicate that L. christinae can protect against acute alcohol-
induced liver injury in mice, the potential mechanism can be related to inhibiting liver
oxidative stress injury, and its main hepatoprotective compound is quercetin, for the first
time.

Keywords: Ethanol extract, quercetin, hepatoprotective compound, oxidative stress

1. Introduction

Alcohol abuse is one of the main causes of liver disease
worldwide and has become a social problem (/). Due
to the increased frequency of drinking, incidence of
alcoholic liver disease has increased in China, becoming
another important risk factor for morbility and mortality
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Dr. Jun-Ming Wang, School of Pharmacy, Henan
University of Traditional Chinese Medicine, No. 1
Jinshui Road, Zhengzhou 450008, China.

E-mail: mjw98 2010@163.com

in addition to viral hepatitis (2). However, there is no
satisfactory therapy for alcoholic liver disease at present
except for the combination of abstinence from alcohol
and supportive care (3).

There is increasing evidence that oxidative stress
plays a vital role in pathogenesis of alcoholic liver
disease (4-7). During alcohol-induced oxidative stress,
reactive oxygen species (ROS) are produced and it
is extremely reactive. Such ROS may modify and
inactivate lipids, proteins, DNA, and RNA, and thus
induce cell dysfunction. To inhibit ROS-induced cell
injury, the antioxidant system has been generated in
the body. The system includes low-molecular-mass
antioxidants such as glutathione, alpha-tocopherol,
ascorbic acid and the main antioxidant enzymes such
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as, superoxide dismutase (SOD) and catalase (CAT)
(8). Generally cellular antioxidants maintain a point of
balance between oxidants and antioxidants, and thus
prevent the organism from injury induced by ROS.

Lysimachia christinae Hance (Primulaceae),
commonly known as "Jinqiancao", is distributed
worldwide in temperate climates and is widely found in
China (9,10). It is one of the herbs commonly used in
traditional Chinese medicine for treatment of hepatitis
virus, cholecystitis and cholagogic efficiency (/7,12).
A recent study has demonstrated that the water extract
of L. christinae exhibits a marked anticholecystitis and
cholagogic activity in animals (/3). However, as for its
hepatoprotective effect, there is no experimental report
up until now. Furthermore, whether the potentially
protective effect underlying L. christinae against
alcohol-induced liver injury is related to the liver
antioxidant system has not been known.

The present study was designed to observe the
protective effect of L. christinae against acute alcohol-
induced liver injury, the related mechanism on oxidative
stress, and further explore its hepatoprotective chemical
compound, for the first time.

2. Materials and Methods
2.1. Animals

Kunming (KM) male mice (18-22 g) were purchased
from the Experimental Animal Center of Hebei
Province (Hebei, China). Animals were given rodent
laboratory chow and water ad /ibitum, and maintained
under controlled conditions with a temperature of 22 +
1°C, relative humidity 60 £ 10% and a 12/12 h light/
dark cycle (lights on at 7 am). All procedures were
in strict accordance with china's legislation on using
and caring for laboratory animals and with guidelines
established by institute for experimental animals of
Henan University of Traditional Chinese Medicine and
were approved by the university committee for animal
experiments.

2.2. Reagents

Bifendate (powdered pill suspended in 0.5% CMC-
Na) was purchased from Zhejiang Medicine Co.,
Ltd., Xinchang Pharmaceutical Factory (Xinchang,
China). Bradford protein assay kit was purchased from
Sangon Biotech Co., Ltd. (Shanghai, China). Reduced
glutathione (GSH), oxidized glutathione (GSSG), and
NADPH were purchased from Roche Diagnostics
GmbH (Mannheim, German).

2.3. Plant material and preparation of samples

L. christinae whole herbs were collected in Henan
province and authenticated by Dr. Xiaolong Xie

(Pharmacognosy Department, Henan University of
Traditional Chinese Medicine, Zhengzhou, China). A
voucher specimen (JQC110207) was deposited in the
herbarium of School of Pharmacy, Henan University of
Traditional Chinese Medicine.

The dried herbs were crushed and preparation of the
75% ethanol extract of L. christinae (ET) and quercetin
are described as follows.

L. christinae powders (about 1 kg) were soaked
in 75% ethanol (w/v = 1:10) and incubated at
room temperature for 120 min. The mixture was
extracted three consecutive times at 85 + 5°C with a
rotary evaporator 180 min at a time. The combined
extraction was centrifuged at 800x g for 10 min, and
the supernatant was transferred to a glass container
by decanting and concentrated under vacuum with a
rotary evaporator under reduced pressure at 45 + 5°C to
about 86 g extracts. The yield of ET was 8.6% from L.
christinae raw medicinal materials.

Quercetin was isolated from L. christinae herbs
according to previous literature (/4). After purification
using a silica gel column and gel chromatography, the
purity of quercetin was more than 98% as determined
by high performance liquid chromatography (HPLC)
with diode array detector (DAD).

2.4. Treatment protocol

Male mice were divided into several groups of 10
mice each. Mice of treated groups were administered
orally with 6 g/kg alcohol 2 h after treatment with ET
(100, 200, 400 mg/kg), quercetin (2, 4, 8 mg/kg), or
the positive drug bifendate (150 mg/kg) everyday for
seven consecutive days by intragastric administration
(i.g.) except mice in the normal (non-alcohol treated)
group. Mice in the normal and control (alcohol alone)
groups both received daily oral administration (p.o.)
of 0.5% CMC-Na (0.2 mL/10 g). Peripheral blood
samples of groups were collected 6 h after alcohol
administration for determination of serum biomarkers
for the protective effect against acute alcohol-induced
liver injury, and liver tissues for assay mechanism.

2.5. Assay for detecting serum biomarkers for liver
injury

The blood samples were obtained from mice of all
groups (10 mice per group) for the determination
of serum biomarkers for liver injury. The serum
alanine amino transferase (ALT) and aspartate amino
transferase (AST) were assayed according to the
reported methods (75).

2.6. Assay for detecting liver lipoid peroxide (LPO) level

Liver tissues were homogenized in cold phosphoric acid
(PBS). LPO was determined by the previous reported
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method (/6). Malondialdehyde (MDA) was formed
as an end product of LPO and served as an index of
the intensity of LPO. MDA reacts with total bile acids
(TBA) to generate a pink colored product, which has
an absorbance at 532 nm. The standard curve for MDA
was constructed over the concentration range of 0-40
pM. The level of lipid peroxides was expressed as
micromoles of MDA per milligram of protein based on
tissue protein concentration measured by the Bradford
protein assay kit.

2.7. Assay for detecting liver glutathione amounts

Glutathione amount was measured immediately as
described in the previous study (/7). The reaction
mixture contained samples, 150 pL of a working solution
(0.53 U/mL of glutathione reductase, 40.7 pug/mL of
DTNB, 1 mM EDTA in 100 mM sodium phosphate
buffer, pH 7.0) and 50 pL of 0.16 mg/mL NADPH
solution. The change in absorbance was determined
at 412 nm against the reagent blank after standing at
room temperature for 30 min and glutathione amounts
were determined in comparison with a standard curve.
The glutathione amounts of mice livers were calculated
based on tissue protein concentration measured by the
Bradford protein assay Kkit.

2.8. Enzymatic assays

Tissues were homogenized in cold PBS, and centrifuged
at 5,000 x g for 5 min and the supernatant was
transferred to new tubes for assay. The liver tissue
activities of SOD, CAT, GPx, and GST were determined
by previous literature method (/8-217), respectively,
and the results were calculated based on tissue protein
concentrations measured by the Bradford protein assay
kit.

2.9. Assay for detecting the amount of quercetin in ET

Amount of quercetin in ET was measured by HPLC-
DAD. The chromatography conditions were used as
follows.

Analysis was performed on a Prominence HPLC
instrument (Angilent 1200 series) equipped with
quaternary pump, DAD, on-line degasser, autosampler,
and a column heater compartment. The sample was
separated on a Welch Materials XDB-C18 column
(4.6 x 200 mm, 5 pm). The mobile phase consisted of
methanol and water containing 0.4% (v/v) phosphoric
acid with isocratic elution (v/v = 52:48). The flow rate
was 0.8 mL/min, and column temperature was set at
25°C. The DAD detector was monitored in the range
200-400 nm, and the on-line UV spectra were recorded
at 360 nm.

To obtain a calibration curve of quercetin, purified
quercetin (6.13 mg, weighed accurately) was dissolved

in 80% methanol in a 10 mL low actinic volumetric
flask. This solution was diluted with 80% methanol to
obtain standard solutions for the calibration curve in
a range of 1.838-29.408 pg/mL on the column, and a
10 uL aliquot was injected. ET was dissolved in 80%
methanol and an aliquot (10 pL) was injected into the
above HPLC-DAD system. The amount of quercetin
in ET was calculated using the calibration curve of
quercetin.

2.10. Statistical analysis

Data is presented as mean =+ standard error of mean
(S.E.M.). The differences among experimental groups
were compared by one-way ANOVA (analysis of
variance) followed by Student Newman Keuls (SNK)
(p <0.05) using the SPSS (Statistics Package for Social
Science) program Version 11.5.

3. Results

3.1. Effects of ET and quercetin on serum biomarkers
Jfor alcohol-induced liver injury

Serum ALT and AST activities are liver injury
biomarkers and their significant elevation often reflects
liver injury (/5). In the present study, ALT and AST were
both found to be elevated significantly in mice treated
with alcohol alone (Figures 1A and 1B), demonstrating
that acute alcohol-induced liver injury was copied
successfully in this study. After ig treatment with ET
(200, 400 mg/kg), quercetin (4, 8 mg/kg) and bifendate
(150 mg/kg), respectively, for seven consecutive days,
such an excessive increase was significantly inhibited
(Figures 1B and 1C). These results demonstrate that ET,
quercetin isolated from L. christinae and bifendate all
protect against acute alcohol-induced liver injury.

3.2. Effects of ET and quercetin on liver LPO level

MDA is one of the main end products of LPO (/6). As
shown in Figure 2A, MDA amounts increased in livers
of mice treated with alcohol alone while ET (200, 400
mg/kg), quercetin (4, 8 mg/kg) and bifendate (150 mg/
kg) all inhibited such an excessive increase (Figure 2A),
which demonstrated that ET, quercetin, and bifendate
could protect against alcohol-induced LPO injury in
mice.

3.3. Effects of ET and quercetin on liver glutathione
amounts

Glutathione is an antioxidant which helps protect
cells against ROS such as free radicals and peroxides
(17). Its excessive exhaustion can induce oxidative
stress injury. In the present study, glutathione amounts
decreased conspicuously (p < 0.05) in alcohol-treated
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mice liver, while ET (200, 400 mg/kg), quercetin (4,
8 mg/kg) and bifendate (150 mg/kg) all significantly
prevented such a decrease (Figure 2B). The results
suggested that ET, quercetin, and bifendate can
protect against alcohol destroying the balance between
cellular oxidants and antioxidants through inhibiting
exhaustion of glutathione amounts and thus can likely
protect against liver oxidative stress injury.

3.4. Effects of ET and quercetin on liver glutathione-
related enzymes activities

GST and GPx are both intracellular glutathione-related
enzymes, working with glutathione in participation
in the process of oxidative stress injury (20,217). Our
results showed that alcohol decreased the activities
of GST and GPx in mice livers while ET (200, 400
mg/kg), quercetin (8 mg/kg) and bifendate (150 mg/
kg) all inhibited such an obvious decease (Figures
3A and 3B), demonstrating that the glutathione-
related enzymes could participate in the protection of
ET, quercetin, and bifendate against alcohol-induced
oxidative stress injury. Our results further confirmed
the balance between cellular oxidants and antioxidants
was destroyed by alcohol, while ET, quercetin and
bifendate could prevent such damage of this balance.

3.5. Effects of ET and quercetin on liver main
antioxidant enzyme activities

SOD and CAT are both intracellular main antioxidant

enzymes, participating in the process of oxidative
stress (/8,19). Our results showed that alcohol
decreased the activities of SOD and CAT in livers of
mice while ET (200, 400 mg/kg), quercetin (8 mg/
kg) and bifendate (150 mg/kg) all inhibited such an
obvious decease (Figures 4A and 4B). These results
indicate that the main antioxidant enzymes might
play a key role in the protection of ET, quercetin, and
bifendate against the oxidative stress injury induced
by alcohol.

3.6. Analysis of whether quercetin is the main
hepatoprotective compound in ET

The amount of quercetin in ET was 1.03% as shown
by HPLC-DAD analysis. The chemical structure of
quercetin is shown in Figure 5A. The standard curve
equation of quercetin was y = 14.634y — 0.3958
(y: Area; y: concentration of quercetin, pg/mL)
and the correlation coefficient was R> = 1. HPLC
chromatograms of quercetin and ET are shown in
Figures 5B and 5C, respectively.

Further to confirm that quercetin was the main
hepatoprotective compound in ET, we converted the
hepatoprotective doses of ET into quercetin, and then
compared these converted doses with actual ones of
quercetin. According to the above amount of quercetin
in ET, the effective doses of ET, 200 and 400 mg/kg,
are equivalent to the ones of quercetion, 2.06 and
4.12 mg/kg (4 mg/kg as the actually effective dose of
quercetin from this study).
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4. Discussion

ALT and AST are reliable biomarkers for liver function
(15). It has been confirmed that AST can be found in
liver, cardiac muscle, skeletal muscle, kidney, brain,
pancreas, lung, leukocytes, and erythrocytes, whereas
ALT is mainly present in liver (22). Significantly
elevated levels of serum enzymes such as ALT and AST
indicate increased permeability and damage and/or
necrosis of hepatocytes (23). The results of the present
study demonstrate that acute alcohol administration
caused liver injury as evidenced by the elevation of
serum ALT and AST levels, reflected early biochemical
changes in alcoholic liver disease. ET (200, 400 mg/
kg), or quercetin (4, 8 mg/kg) pretreatments offered
significant protection against acute alcohol-intoxicated
mice by attenuating ALT and AST elevation.

The role of oxidative stress in the development
of alcoholic liver disease has been investigated since
the early 1960s by Diluzio and Hartman (24,235),
who observed that alcohol administration promoted
oxidative breakdown of cell membranes. Studies using
the intragastric feeding model have demonstrated
that alcohol-induced liver injury was associated
with increased LPO, formation of lipid radicals, and
decrease of hepatic antioxidant defense, providing the
most convincing evidence about the pathogenic role
of oxidative stress (26-29). Among them, LPO is a
free radical-related process (30). One of the main end
products of LPO is MDA, which is characterized by
cross-linking cellular macromolecules such as protein
or DNA and induces widespread cellular damage (31).
The results in Figure 2A showed that ET and quercetin
isolated from L. christinae significantly inhibited
alcohol-induced excessive amounts of MDA, indicating
that ET and quercetin can prevent alcohol-induced LPO
injury in liver.

SOD and CAT are believed to play key roles in
the enzymatic defense of cells against oxidative stress
injury. Because peroxisomes have an abundance of
proteins, where oxidative stress always happens,
CAT is a classical oxidative biomarker. SOD is a
metalloenzyme that can convert O,, produced during
oxidative stress, to hydrogen peroxide (/8). CAT
mainly exists in peroxisomes of all aerobic cells
and serves to protect the cells against damage from
hydrogen peroxide by catalyzing it into molecular
oxygen and water without producing toxic free
radicals (/9). Our results showed that ET and quercetin
significantly reversed SOD and CAT activities reduced
by alcohol, suggesting that they could prevent alcohol-
induced oxidative stress injury, while SOD and CAT
participated in the protective effect of ET and quercetin
against alcohol-induced liver oxidative injury.

Glutathione plays an important role in protecting
hepatocytes against exogenous toxins, and there are
lots of reports that depletion of cellular glutathione is

related to oxidative damage (32,33). Our results showed
that ET and quercetin isolated from L. christinae
significantly inhibited the alcohol-induced excessive
exhaustion of glutathione amounts, suggesting that
glutathione participated in the protective effect of ET
and quercetin against alcohol-induced liver oxidative
injury.

GST and GPx are both glutathione-related enzymes.
Of them, the cytosolic GSTs exist in almost all aerobic
species. It can catalyze the conjugation of electrophilic
compounds produced during oxidative stress with
glutathione (27). GPx catalyzes hydrogen peroxide
decomposition to the stable form of hydroxides,
specifically using reduced glutathione as the electron
provider (20). In the present study, ET and quercetin
significantly elevated the alcohol-induced decrease of
GST and GPx activities in livers of mice, which further
confirmed that liver glutathione-related enzymes were
involved in the protective effects of ET and quercetin
isolated from L. christinae against alcohol-induced liver
oxidative injury.

Flavonoids have been reported to have many
bioactivities including antioxidant (34), anti-
inflammatory (35), antitumor (36) and so on. The main
chemical components in L. christinae are flavonoids
(37). As for the flavonoids in L. christinae, quercetin
is relatively abundant (37) and has been found to
have antioxidant activity in the previous study (38).
However, it was still not clear until now that quercetin
is the main hepatoprotective chemical compound of L.
christinae. In the present study, we found that quercetin
could protect against acute alcohol-induced liver injury
isolated from L. christinae (as was shown in Figure
1B). Further, to determine whether quercetin was the
main bioactive ingredient in ET, we converted the
hepatoprotective doses of ET into quercetin based on
the results of HPLC-DAD analysis. The result indicated
that the converted amounts of quercetin were equivalent
to the actual ones present in ET, suggesting that
quercetin could be the main potential hepatoprotective
compound from L. christinae.

In conclusion, the present study shows that ET and
quercetin isolated from L. christinae can protect against
alcohol-induced liver injury in mice and the underlying
mechanisms may be related to inhibiting liver oxidative
stress injury. We have also confirmed that quercetin is
the major hepatoprotective component of L. christinae
for the first time. Further studies are in progress in our
laboratory to explore the protection of L. christinae
against carbon tetrachloride- or drug-induced liver
injury.

Acknowledgements
This work was financially supported by Doctoral

Research Fund of Henan Chinese Medicine
(BSJJ2010-22) and National Natural Science

www.biosciencetrends.com



BioScience Trends. 2012, 6(2):89-97. 96

Foundation of China (30772794).

References

10.

11.

12.

13.

14.

15.

16.

Mandayam S, Jamal MM, Morgan TR. Epidemiology
of alcoholic liver disease. Semin Liver Dis. 2004;
24:217-232.

Li YM. The epidemiology and natural history of
alcoholic liver disease. Zhonghua Gan Zang Bing Za
Zhi. 2010; 18:171-172. (in Chinese)

Frazier TH, Stocker AM, Kershner NA, Marsano LS,
McClain CJ. Treatment of alcoholic liver disease. Therap
Adv Gastroenterol. 2011; 4:63-81.

Adewusi EA, Afolayan AJ. Effect of Pelargonium
reniforme roots on alcohol-induced liver damage and
oxidative stress. Pharm Biol. 2010; 48:980-987.

Faremi TY, Suru SM, Fafunso MA, Obioha UE.
Hepatoprotective potentials of Phyllanthusamarus
against ethanol-induced oxidative stress in rats. Food
Chem Toxicol. 2008; 46:2658-2664.

Rukkumani R, Aruna K, Varma PS, Rajasekaran KN,
Menon VP. Comparative effects of curcumin and an
analog of curcumin on alcohol and PUFA induced
oxidative stress. J Pharm Pharm Sci. 2004; 7:274-283.
Samuhasaneeto S, Thong-Ngam D, Kulaputana O,
Suyasunanont D, Klaikeaw N. Curcumin decreased
oxidative stress, inhibited NF-kappa B activation, and
improved liver pathology in ethanol-induced liver injury
in rats. J Biomed Biotechnol. 2009; 2009:981963.

van der Vliet A, O'Neill CA, Cross CE, Koostra JM,
Volz WG, Halliwell B, Louie S. Determination of low-
molecular-mass antioxidant concentrations in human
respiratory tract lining fluids. Am J Physiol. 1999;
276:289-296.

Houghton PJ, Hylands PJ, Mensah AY, Hensel A,
Deters AM. In vitro tests and ethnopharmacological
investigations: Wound healing as an example. J
Ethnopharmacol. 2005; 100:100-107.

Verpoorte R, Choi YH, Kim HK. Ethnopharmacology
and systems biology: A perfect holistic match. J
Ethnopharmacol. 2005; 100:53-56.

Zhou SY, Yao DF, Xu CF, Huang LQ, Zhang SP.
Suppressive effect of Phyllanthus urinaria L. and
Lysimachia christinae Hance on hepatitis B surface
antigen. Pract J Integr Tradit West Med. 1995; 8:760-761.
Yeh TH, Krauland L, Singh V, Zou B, Devaraj P, Stolz
DB, Franks J, Monga SP, Sasatomi E, Behari J. Liver-
specific B-catenin knockout mice have bile canalicular
abnormalities, bile secretory defect, and intrahepatic
cholestasis. Hepatology. 2010; 52:1410-1419.

Yang X, Wang BC, Zhang X, Liu WQ, Qian JZ, Li W,
Deng J, Singh GK, Su H. Evaluation of Lysimachia
christinae Hance extracts as anticholecystitis and
cholagogic agents in animals. J Ethnopharmacol. 2011;
137:57-63.

Shen LD, Yao FR. Studies on the chemical constituents
of the herb Lysimachia christinae Hance. Zhong Yao
Tong Bao. 1988; 13:31-34, 63. (in Chinese)

Kamei T, Asano K, Nakamura S. Determination of serum
glutamate oxaloacetate transaminase and glutamate
pyruvate transaminase by using L-glutamate oxidase.
Chem Pharm Bull. 1986; 34:409-412.

Hogberg J, Larson RE, Kristoferson A, Orrenius
S. NADPH-dependent reductase solubilized from

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

microsomes by peroxidation and its activity. Biochem
Biophys Res Commun. 1974; 56:836-842.

Oh IS, Kim TW, Ahn JH, Keum JW, Choi CY, Kim
DM. Use of I-buthionine sulfoximine for the efficient
expression of disulfide-containing proteins in cell-free
extracts of Escberibia coli. Biotechnol Bioprocess Eng.
2007; 12:574-578.

Marklund SL, Marklund G. Involvement of the
superoxide anion radical in the autoxidation of pyrogallol
and a convenient assay for superoxide dismutase. Eur J
Biochem. 1974; 47:469-474.

Aebi H. Catalse in vitro. Methods enzymol. 1984;
105:121-126.

Rotruck JT, Pope AL, Ganther HE, Swanson AB,
Hafeman DG, Hoekstra WG. Selenium: Biochemical
role as a component of glutathione peroxidase. Science.
1973; 179:588-590.

Habig WH, Jakoby WB. Assay for differentiation of
glutathione S-transferases. Methods Enzymol. 1981;
77:398-405.

Rej R. Aspartate aminotransferase activity and
isoenzymes proportions in human liver tissue. Clin
Chem. 1978; 24:1971-1979.

Goldberg DM, Watts C. Serum enzyme changes
as evidence of liver reaction to oral alcohol.
Gastroenterology. 1965; 49:256-261.

Diluzio NR. Prevention of the acute ethanol-induced
fatty liver by the simultaneous administration of
antioxidants. Life Sci. 1964; 3:113-118.

Diluzio NR, Hartman AD. Role of lipid peroxidation in
the pathogenesis of the ethanol-induced fatty liver. Fed
Proc. 1967; 26:1436-1442.

Rouach H, Fataccioli V, Gentil M, French SW, Morimoto
M, Nordmann R. Effect of chronic ethanol feeding on
lipid peroxidation and protein oxidation in relation to
liver pathology. Hepatology. 1997; 25:351-355.

French SW, Wong K, Jui L, Albano E, Hagbjork
AL, Ingelman-Sundberg M. Effect of ethanol on
cytochrome P450 2E1 (CYP2E1), lipid peroxidation,
and serum protein adduct formation in relation to liver
pathologypathogenesis. Exp Mol Pathol. 1993; 58:61-75.
Polavarapu R, Spitz DR, Sim JE, Follansbee MH,
Oberley LW, Rahemtulla A, Nanji AA. Increased
lipid peroxidation and impaired antioxidant enzyme
function is associated with pathological liver injury in
experimental alcoholic liver disease in rats fed diets high
in corn oil and fish oil. Hepatology. 1998; 27:1317-1323.
Nanji AA, Zhao S, Sadrzadeh SM, Dannenberg AJ,
Tahan SR, Waxman DJ. Markedly enhanced cytochrome
P450 2E1 induction and lipid peroxidation is associated
with severe liver injury in fish oil-ethanol-fed rats.
Alcohol Clin Exp Res. 1994; 18:1280-1285.

Romero FJ, Bosch-Morell F, Romero MJ, Jarefio
EJ, Romero B, Marin N, Roma J. Lipid peroxidation
products and antioxidants in human disease. Environ
Health Perspect. 1998; 106:1229-1234.

Hassan L, Bueno P, Ferron-Celma I, Ramia JM, Garrote
D, Muffak K, Garcia-Navarro A, Mansilla A, Villar JM,
Ferron JA. Time course of antioxidant enzyme activities
in liver transplant recipients. Transplant Proc. 2005;
37:3932-3935.

Carbonell LF, Nadal JA, Llanos MC, Hernandez I, Nava
E, Diaz J. Depletion of liver glutathione potentiates the
oxidative stress and decreases nitric oxide synthesis
in a rat endotoxin shock model. Crit Care Med. 2000;

www.biosciencetrends.com



97

BioScience Trends. 2012, 6(2):89-97.

33.

34.

35.

36.

28:2002-2006.

Han D, Hanawa N, Saberi B, Kaplowitz N. Mechanisms
of liver injury. III. Role of glutathione redox status in
liver injury. Am J Physiol Gastrointest Liver Physiol.
2006; 291:G1-G7.

Beker BY, Bakir T, Sonmezoglu I, Imer F, Apak R.
Antioxidant protective effect of flavonoids on linoleic
acid peroxidation induced by copper(Il)/ascorbic acid
system. Chem Phys Lipids. 2011; 164:732-739.
Funakoshi-Tago M, Nakamura K, Tago K, Mashino T,
Kasahara T. Anti-inflammatory activity of structurally
related flavonoids, apigenin, luteolin and fisetin. Int
Immunopharmacol. 2011; 11:1150-1159.

Sun M, Han J, Duan J, Cui Y, Wang T, Zhang W, Liu

37.

38.

W, Hong J, Yao M, Xiong S, Yan X. Novel antitumor
activities of Kushen flavonoids in vitro and in vivo.
Phytother Res. 2007; 21:269-277.

Wang YJ, Sun QS. Chemical constituents of Lysimachia
christinae Hance. Chinese ] Med Chem. 2005;
15:357-359. (in Chinese)

Amengual-Cladera E, Nadal-Casellas A, Gémez-Pérez Y,
Gomila I, Prieto RM, Proenza AM, Llado 1. Phytotherapy
in a rat model of hyperoxaluria: The antioxidant effects
of quercetin involve serum paraoxonase 1 activation.
Exp Biol Med (Maywood). 2011; 236:1133-1138.

(Received January 30, 2012; Revised April 8, 2012;
Accepted April 12, 2012)

www.biosciencetrends.com



BioScience Trends. 2012, 6(2):98-102. 98

Case Report

DOI: 10.5582/bst.2012.v6.2.98

Intrahepatic cholangiocarcinoma with intrahepatic biliary lithiasis
arising 47 years after the excision of a congenital biliary dilatation:
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Summary

We report a case of intrahepatic cholangiocarcinoma with biliary lithiasis arising 47 years
after surgery for a congenital biliary dilatation (CBD). A 62-year-old woman was admitted
for the investigation of a liver tumor. She had undergone a choledochoduodenostomy
at the age of 15 years for CBD and resection of an extrahepatic bile duct with
choledochojejunostomy because of cholangitis at the age of 55 years. An enhanced
computed tomography (CT) revealed a liver tumor 50 mm in diameter in the S6 region
with surrounding lymph node swelling and intrahepatic metastatic lesions in the S8 region.
A drip infusion cholangiographic CT showed biliary lithiases in the left liver. An extended
right hepatectomy and lymph node dissection was considered but was abandoned because
of suspicions of liver functional insufficiency as a result of biliary lithiasis. She underwent
biliary lithotomy through a percutaneous transhepatic cholangioscopy and subsequent

systemic chemotherapy.

Keywords: Intrahepatic cholangiocarcinoma, biliary lithiasis, congenital biliary dilatation

1. Introduction

A significant association between congenital biliary
dilatation (CBD) and hepatobiliary malignancies is
well known (7). According to the literature, 2.5%-28%
of CBD cases are associated with malignant biliary
tract tumors at the initial presentation (2). The cause
of this carcinogenesis is presumed to be the reflux
of pancreatic juice into the bile duct caused by an
anomalous junction of the pancreatobiliary duct.
Therefore, for the treatment of CBD, the recommended
standard surgical method is the excision of the entire
extrahepatic bile duct with a bilioenterostomy to
stop the reflux of pancreatic juice, in what is called
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Dr. Norihiro Kokudo, Hepato-Biliary-Pancreatic
Surgery Division, Department of Surgery, Graduate
School of Medicine, The University of Tokyo, 7-3-1
Hongo, Bunkyo-ku, Tokyo 113-8655, Japan.

E-mail: KOKUDO-2SU@h.u-tokyo.ac.jp

a "separation-operation". Some patients have been
reported to develop intrahepatic cholangiocarcinoma
(ICC) at a long interval after treatment as seen in
several case reports. Some of these patients have
undergone a reoperation to remove the ICC. Ono
et al. (3) investigated the long-term outcomes and
late complications after hepaticojejunostomy for a
choledochal cyst. In that retrospective study, 56 patients
with a choledochal cyst were followed up for more than
10 years after surgery, and two patients (3.6%) and one
patient (1.8%) developed ICC and multiple intrahepatic
bile duct stones, respectively. However, there have been
no reports of ICC with intrahepatic biliary lithiasis in
the opposite lobe of the liver arising after the excision
of CBD.

2. Case report

A 62-year-old woman was referred to our hospital for
the investigation of a large tumor in her liver, detected
using computed tomography (CT), after she visited a
local hospital complaining of general fatigue, a low-
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grade fever, and back pain. A physical examination
performed upon admission disclosed neither jaundice
nor a palpable abdominal tumor. When she was 15 years
old, she underwent an anastomosis between a dilated
common bile duct and the duodenum for CBD, which
was classified as type 1 according to the classification
of Todani. However, the patient had continued to
suffer from intermittent cholangitis. Although imaging
examinations revealed no neoplastic lesions in the
biliary tract, her pathologic extrahepatic duct was
totally excised using a Roux-en-Y choledojejunostomy
and a cholecystectomy when she was 55 years old. The
excised gallbladder and extrahepatic bile duct showed
evidence of neither carcinoma nor pre-carcinogenic
findings. She had been well without any symptoms
since her last operation until she felt general fatigue
and back pain at the age of 62 years. A laboratory
test revealed liver dysfunction, and abdominal
ultrasonography and CT scanning showed an ill-defined
heterogeneous mass, measuring 50 mm, in the right
lateral sector.

The patient's laboratory data upon admission to our
hospital showed elevated alkaline phosphatise (1,560
IU/L), gamma glutamyl transpeptidase (303 IU/L),
and C-reactive protein (10.65 mg/dL), however, total
bilirubin was within the normal range (0.3 mg/dL).
Serum albumin was low (2.5 g/dL). As for tumor
markers, carcinoembryonic antigen was elevated (46.8
ng/mL) and carbohydrate antigen 19-9 was normal (1
U/mL). The indocyanine green (ICG) retention value at
15 min was 10.1%.

An abdominal enhanced CT examination performed
at our hospital revealed an ill-defined tumor, 5 cm in
diameter, originating from the right lateral sector of
the liver and extending to the porta hepatis (Figure
1). Bile duct dilatation of the right lateral caudate,
and left lateral branches was also apparent. Coronal
reconstruction of the CT examination data revealed
a pancreaticobiliary maljunction and dilatation in the
residual intrapancreatic bile duct (Figure 2).

Gadoxetic acid disodium-enhanced magnetic
resonance imaging (MRI) revealed an intrahepatic
metastatic lesion in segment 8 of Couinaud (Figure 3).

Drip infusion cholangiographic (DIC)-CT using
meglumine iotroxate revealed diffuse peripheral
dilatation of the intrahepatic bile duct in both hemilivers
with narrowing proximal portions. In the biliary tracts
of the right hepatic lobe, excretion of contrast-enhanced
media was not observed. Many intrahepatic biliary
stones in segment 2 and 3 were also observed (Figure 4).

The patient was diagnosed as having ICC in the
right liver with intrahepatic biliary lithiasis in the
left liver arising 47 years after an initial bilioenteric
anastomosis for CBD. An extended right hepatectomy
with regional lymph node dissection was initially
suggested. However, liver volumetry revealed that
the future remnant liver corresponded to 40% of the
total liver parenchyma, and we suspected that the
function of the future remnant left lateral section was
insufficient because it was impaired as a result of the
numerous intrahepatic biliary stones. Additionally, a
hepaticojejunostomy was thought to be inappropriate

Figure 2. Coronal view CT showed pancreaticobiliary
maljunction (white arrow) and dilatation in the residual
intrapancreatic bile duct (white arrowhead).

Figure 1. Enhanced abdominal CT showed a dense tumor,
5 cm in diameter, in the right lobe of the liver, extending
into the porta hepatis.

Figure 3. Gadoxetic acid-enhanced MRI showed that there
was an intrahepatic metastatic lesion in the right anterior
superior segment (white arrowhead).

www.biosciencetrends.com



BioScience Trends. 2012, 6(2):98-102. 100

Figure 4. DIC CT showed that intrahepatic bile ducts in
the anterosuperior segment of the right hepatic lobe were
dilated (white arrow) and several intrahepatic biliary
stones were present in the lateral segment of the left
hepatic lobe (white arrowhead).

until all the intrahepatic stones in the future liver
remnant, which were thought to be too numerous to
remove during surgery, could be removed.

The patient was referred to gastroenterologists to
undergo chemotherapy and lithotomy. Following an
initial percutaneous transhepatic biliary drainage, the
drainage tube was changed several times to a larger-
sized one. Then, several lithotomy sessions were
performed using a radiological procedure, although
several small intrahepatic stones persisted. In parallel
with the lithotomy procedures, systemic chemotherapy
was planned. The scheduled protocol was as follows:
therapy drip infusion of gemcitabine at a dose of
1,400 mg bi-weekly and oral intake of S-1 at a dose
of 100 mg/day for 14 days followed by a 14-day rest
interval. The systemic chemotherapy was started 12
days after the initial biliary drainage; however, the
scheduled therapy was frequently discontinued because
of episodes of acute cholangitis or tube dislocation,
and gemcitabine was only administered 4 times during
4 months after the initial biliary drainage. A CT scan
performed at 5 months after the initial biliary drainage
revealed tumor progression in terms of number and
size as well as multiple hepatic abscess foci. Although
antibiotics were administered, the inflammation did not
improve and the patient further developed pulmonary
embolization. She died 5 and a half months after the
initial biliary drainage, i.e., 7 months after the diagnosis
of the intrahepatic cholangiocarcinoma. An autopsy was
not performed because of the family's wishes.

3. Discussion

Irwin and Morison described the first reported
malignancy associated with CBD in 1944 (4). To date,
lengthy and repeated reflux episodes of pancreatic juice
into the bile duct via pancreaticobiliary maljunction

have been considered to play an important role
in the development of malignant transformations
(5). Mutations of K-ras and other genes have been
implicated, as well as the reflux of pancreatic juice
associated with pancreaticobiliary maljunction (6).
Therefore, once a diagnosis of CBD has been made,
early radical surgery is recommended. However,
a tendency toward carcinoma development or a
precancerous condition in the biliary tree induced
by exposure to carcinogens, such as reflux of small
intestinal juice, appears to remain after surgery,
especially when a pathologic duct is left untouched.
Indeed, Kobayashi et al. analyzed the relative risks
of biliary tract cancer before and after the excision of
a congenital choledochal cyst and concluded that the
relative risk in patients who underwent this operation
was still higher than that of the general population,
although it decreased by approximately 50% after
surgery (7). This result suggested that the epithelium of
the residual bile duct wall may have already progressed
to a precancerous stage at the time of surgery and that
genetic changes may have taken place or continued
during the postoperative period. Additionally, biliary-
enteric anastomosis is thought to be a possible risk
factor for the development of ICC after surgery for
benign diseases (8). Tocci et al. reported that the
incidence of ICC after hepaticojejunostomy was 1.9%,
with an interval of 11-18 years (9). Eleftheliadis et
al. examined the histological findings of bile duct
epithelium obtained by choledochoscopic biopsy from 9
patients at 1-12 years after a choledochoduodenostomy;
they detected hyperplasia, pseudopyloric gland
metaplasia, and intestinal metaplasia, features that
are frequently found in the epithelium adjacent to
gallbladder cancer and are regarded as the basis of
carcinogenesis (/0).

Uno et al. reported several patients with intrahepatic
cholelithiasis developing long after the primary
excision of the choledochal cysts (/7). Some authors
have reported a high mutagenic activity of stones
from patients with cystic conditions of the biliary
tract, a phenomenon that has not been observed
in the gallstones of patients without cystic biliary
disease (/2). Postoperative stenosis at the site of a
hepaticojejunostomy, congenital remnant stenosis,
and repeated cholangitis of the intrahepatic bile duct
seem to lead to bile stasis and intrahepatic lithiasis
and may be a high-risk factor for carcinogenesis. In
the present case, when the patient was diagnosed as
having ICC in the right lobe of the liver, multiple
intrahepatic bile stones were noted in the opposite lobe
of the liver. Thereafter, the patient was thought to be a
poor candidate for a radical hepatectomy because the
remnant liver volume would be too small, considering
the possible insufficient functional reserve of the future
liver remnant.

Our search of English and Japanese language
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Table 1. Reports of intrahepatic cholangiocarcinoma developing after surgery for congenital biliary dilatation

No. Age Gender Year after resection Site of cancer development Treatment Year Ref.
1 58 F 7 Left lobe Death before surgery 1972 (13)
2 38 F 17 ? Death before surgery 1982 14
3 33 M 20 Right lobe Unresected 1992 (15)
4 ? ? 2 Right lobe Resected 1994 (16)
5 29 M 3 Bilateral lobe Unresected 1996 17)
6 18 F 2.4 Left lobe Death before surgery 1999 (7)
7 52 F 10 Right lobe Resected 2000 18)
8 46 M 26 Left lobe Unresected 2004 (19)
9 44 M 34 Left lobe Resected 2007 2)

10 26 M 26 Left lobe Resected 2008 (20)

11 62 F 47 Right lobe Unresected 2010 Present case

literature found ten case reports describing ICC after
surgery for a congenital choledochal cyst (Table 1).
The 11 patients, including our own, consisted of 5 men,
5 women, and 1 unknown patient ranging in age from
18 to 62 years. The present case was the oldest of the
reported patients with ICC after the excision of CBD.
The median period between the primary operation
and the development of ICC was 14.0 years, ranging
from 2 to 47 years. The lesions were located in the left
hemiliver in 5 patients, the right hemiliver in 4 patients,
bilateral hemilivers in 1 patient, and 1 unknown. ICC
was resected successfully in only 4 of these patients.
Three died of the disease before hepatectomy. Although
Ono et al. previously reported one case of multiple
peripheral lithiases secondary to generation of ICC
(20), the current report is the first case of ICC with
intrahepatic biliary lithiasis in the opposite lobe arising
after the excision of CBD to our knowledge. In the
former case hemihepatectomy with re-reconstruction by
hepaticojejunostomy was successfully performed, while
in the present patient, the [CC was not resected because
of the appearance of hepatic insufficiency in the future
remnant liver volume and biliary lithiasis. As for the
difference of the carcinogenic mechanism between this
case and past-reported cases, high mutagenic activity of
stones could have been associated with the occurrence
of the ICC. The postoperative periodic enhanced CT
at her local hospital could never detect the intrahepatic
biliary lithiasis. Firstly the magnetic resonance
cholangiography (MRCP) and DIC CT at our institution
revealed numerous biliary lithiasis in the left liver. So it
can be said that we should take extra care not to narrow
the biliary-enteric anastmosis at the time of the excision
of CBD. In addition to the enhanced CT, we may have
to sometimes use MRCP or DIC CT to check for the
formation of biliary lithiasis.

There is no established effective chemotherapeutic
regimen for locally advanced ICC, and we believe
that aggressive surgical resection is essential for
improving the long-term survival in patients with ICC.
In conclusion, careful long-term periodic check-ups
should be encouraged for patients with CBD to ensure
the early detection of new lesions including malignancy

and lithiasis even after definitive surgery, since ICC is
characterized by few distinct clinical symptoms until
the disease has become severely advanced.
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Reports are not intended for publication of
incomplete or preliminary findings. Brief
Reports should not exceed 3,000 words in
length (excluding references) and should be
limited to a maximum of 4 figures and/or
tables and 30 references. A Brief Report
contains the same sections as an Original
Article, but the Results and Discussion
sections should be combined.

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

Policy Forum articles discuss research and
policy issues in areas related to life science
such as public health, the medical care
system, and social science and may address
governmental issues at district, national,
and international levels of discourse. Policy
Forum articles should not exceed 2,000
words in length (excluding references).

Case Reports should be detailed reports of
the symptoms, signs, diagnosis, treatment,
and follow-up of an individual patient. Case
reports may contain a demographic profile
of the patient but usually describe an unusual
or novel occurrence. Unreported or unusual

side effects or adverse interactions involving
medications will also be considered. Case
Reports should not exceed 3,000 words in
length (excluding references).

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

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

3. Editorial Policies

Ethics: BioScience Trends requires that
authors of reports of investigations in
humans or animals indicate that those studies
were formally approved by a relevant ethics
committee or review board.

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

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

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

Copyright: A signed JOURNAL
PUBLISHING AGREEMENT (JPA)
form must be provided by post, fax, or as
a scanned file before acceptance of the
article. Only forms with a hand-written
signature are accepted. This copyright will
ensure the widest possible dissemination of
information. A form facilitating transfer of
copyright can be downloaded by clicking the

appropriate link and can be returned to the
e-mail address or fax number noted on the
form (Please visit Download Centre). Please
note that your manuscript will not proceed
to the next step in publication until the JPA
Form is received. In addition, if excerpts
from other copyrighted works are included,
the author(s) must obtain written permission
from the copyright owners and credit the
source(s) in the article.

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

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

The Editing Support Organization can
provide English proofreading, Japanese-
English translation, and Chinese-English
translation services to authors who want
to publish in BioScience Trends and need
assistance before submitting a manuscript.
Authors can visit this organization directly
at http://www.iacmhr.com/iac-eso/support.
php?lang=en. IAC-ESO was established
to facilitate manuscript preparation by
researchers whose native language is not
English and to help edit works intended for
international academic journals.

4. Manuscript Preparation

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

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



interest exists for each author, please state
"There is no conflict of interest to disclose").
Please visit Download Centre and refer to
the title page of the manuscript sample.

Abstract: A one-paragraph abstract
consisting of no more than 250 words must
be included. The abstract should briefly state
the purpose of the study, methods, main
findings, and conclusions. Abbreviations
must be kept to a minimum and non-standard
abbreviations explained in brackets at first
mention. References should be avoided in
the abstract. Key words or phrases that do
not occur in the title should be included in
the Abstract page.

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

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

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

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

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

References: References should be numbered
in the order in which they appear in the
text. Citing of unpublished results, personal
communications, conference abstracts,
and theses in the reference list is not
recommended but these sources may be
mentioned in the text. In the reference list,
cite the names of all authors when there
are fifteen or fewer authors; if there are
sixteen or more authors, list the first three

followed by et al. Names of journals should
be abbreviated in the style used in PubMed.
Authors are responsible for the accuracy of
the references. Examples are given below:

Example 1 (Sample journal reference):
Inagaki Y, Tang W, Zhang L, Du GH, Xu
WF, Kokudo N. Novel aminopeptidase N
(APN/CD13) inhibitor 24F can suppress
invasion of hepatocellular carcinoma cells as
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4:56-60.
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more than 15 authors):

Darby S, Hill D, Auvinen A, et al. Radon in
homes and risk of lung cancer: Collaborative
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Shalev AY. Post-traumatic stress disorder:
diagnosis, history and life course. In: Post-
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Management and Treatment (Nutt DJ,
Davidson JR, Zohar J, eds.). Martin Dunitz,
London, UK, 2000; pp. 1-15.

Example 4 (Sample web page reference):
Ministry of Health, Labour and Welfare
of Japan. Dietary reference intakes
for Japanese. http://www.mhlw.go.jp/
houdou/2004/11/h1122-2a.html (accessed
June 14, 2010).

Tables: All tables should be prepared
in Microsoft Word or Excel and should
be arranged at the end of the manuscript
after the References section. Please note
that tables should not in image format.
All tables should have a concise title and
should be numbered consecutively with
Arabic numerals. If necessary, additional
information should be given below the table.

Figure Legend: The figure legend should
be typed on a separate page of the main
manuscript and should include a short title
and explanation. The legend should be
concise but comprehensive and should be
understood without referring to the text.
Symbols used in figures must be explained.

Figure Preparation: All figures should be
clear and cited in numerical order in the
text. Figures must fit a one- or two-column
format on the journal page: 8.3 cm (3.3
in.) wide for a single column, 17.3 cm (6.8
in.) wide for a double column; maximum
height: 24.0 cm (9.5 in.). Please make sure
that the symbols and numbers appeared in
the figures should be clear. Please make sure
that artwork files are in an acceptable format
(TIFF or JPEG) at minimum resolution (600
dpi for illustrations, graphs, and annotated
artwork, and 300 dpi for micrographs and
photographs). Please provide all figures as
separate files. Please note that low-resolution
images are one of the leading causes of
article resubmission and schedule delays. All
color figures will be reproduced in full color
in the online edition of the journal at no cost
to authors.

Units and Symbols: Units and symbols
conforming to the International System

of Units (SI) should be used for
physicochemical quantities. Solidus notation
(e.g. mg/kg, mg/mL, mol/mm’*/min) should
be used. Please refer to the SI Guide www.
bipm.org/en/si/ for standard units.

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

5. Submission Checklist

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

6. Online Submission

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

7. Accepted Manuscripts

Proofs: Galley proofs in PDF format will be
sent to the corresponding author via e-mail.
Corrections must be returned to the editor
(proof-editing@biosciencetrends.com)
within 3 working days.

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

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