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reactions that eventually might lead to develop an inflammatory response
dependent on NF-kB. Although involvement of SI00A12 and RAGE in some
autoimmune disease have proved, in chronic hepatitis B (CHB) infection
functions of the proteins are not clear thus far. Determining of expression of
S100A12 and RAGE in peripheral blood cells of the CHB patients was the aim
of the present study.

Materials and Methods: In the case-control study the mRNA levels of
S100A12 and RAGE genes of the sixty CHB patients and sixty healthy donors
were measured by real-time polymerase chain reaction method. The patients and
healthy donors were sex and age-matched.

Results: The findings demonstrated expression of SI00A12 and RAGE in the
CHB patients significantly decreased compared to the healthy donor group
(p=0.001). Expression levels of the genes were not altered among HBeAg-
positive and HBeAg-negative CHB patients. The HBV-DNA copy number/ml
did not affect the expression of SI00A12 and RAGE in the patients (p>0.05).
Conclusions: The results of the study suggested that down regulation of RAGE
and S100A12, because of their role in inducing inflammation, might have a
considerable role in chronicity of hepatitis B.
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Introduction

Despite efficient vaccine and potent antiviral
treatment, which have developed in the recent
years, chronic hepatitis B virus (HBV) infection
and liver-related diseases are still threatening
public health in many countries [1]. Chronic
hepatitis is characterized by persistence of HBV
virus particles in the body fluidics for more than
six months [2, 3]. In the chronic hepatitis B
(CHB) patients, chance of spontaneous HBsAg
clearance is only 1-2% per year [4]. This
devastating infection has affected about 3.6 % of
worldwide population. Persistent infection
increases the risk of developing cirrhosis and
hepatocellular carcinoma. With increasing of
age, the risk of developing the chronic infection
will be declined. Whereas 20-60% of infected
children under 6 years develop chronic infection,
in the adult the risk of chronicity is less than 5%.
According to the new investigations, prevalence
of chronic HBV infection is decreasing in many
countries. However, higher mortality and
morbidity of infected patients comparing to the
past is a big concern of health centers [3, 5].
Innate and adaptive immune responses are
recruited by HBV. Although adaptive immune
responses against the virus are well known,
many aspects of innate immunity behaviors in
the infection remain to be clear [6, 7].

In human, the S100 protein family consists of 21
subtypes that share structural similarities, but
they have divers functions [8]. The S100
subtypes, S100A8 (calgranulin A), S100A9
(calgranulin B) and S100A12 (calgranulin C) are
phagocyte specific. S100A12 is considered

as neutrophils activation marker [9, 10]. Once

secreted from activated phagocytes, ST00A8/A9
and S100A12 act as proinflammatory ligands
of Toll-like receptor-4 or receptor for advanced
glycation end products (RAGE). The
mechanisms of chemotactic activities related
to inflaimmation (S100A8/A9 and Al2),
neurotrophic activities (S100B), and angiogenic
effects (S100A4 and S100A13) as well as
the nature of high affinity surface receptors
remain largely unknown [8]. Based on other
studies, SI00A12 gene is regulated by other
inflammatory cytokines, including interleukin-
16. Although elevated levels of the inflammatory
protein are reported in some bacterial infectious
diseases, including acute otitis media in young
children, juvenile idiopathic arthritis, importance
of the protein in viral infection has not clear yet.

RAGE belongs to immunoglobulin superfamily
and express on wide variety of stressed cells.
This receptor is activated upon binding of
S100A12, S100A13, S100P, and S100B [9, 11-
13]. Activation of RAGE by binding S100
isoforms play crucial role in regulating cell
metabolism, inflammation responses, apoptosis,
proliferation and autophagy [14]. RAGE
expression was investigated by other studies in
thoracic aortic aneurysm, THP-1 macrophages
and other inflammatory situations [15, 16].
According to these finding RAGE plays an
inflammatory role. Blocking RAGE as effective
therapeutic potentials is under extensive
investigation especially in cardiovascular
diseases. Several studies have shown RAGE
induces inflammatory pathways by involving the

NF-xB and the Mitogen-activated protein kinase
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(MAPK) pathways. NF-xB and MAPK
signaling lead to the production a large
number of pro-inflammatory cytokines and
chemokines [17-19].

Because of the important role of SI00A12 and
RAGE in inducing inflammation as well as the
very limited information in the case of the
molecules in CHB infection [11, 20, 21], it may
be hypothesized that alteration in expression of
the proteins can affect the quality of the immune

response and play a role in chronic HBV infection.
Materials and methods

Human subjects

This study was approved by the Ethics
Committee of the Shahid Sadoughi university of
medical sciences in Yazd. All subjects provided
prior written informed consents. In the case-
control study, 60 chronic HBV patients and 60
healthy donors were selected from Rafsanjan
Blood Transfusion Organization, Iran. Chronic
infection was confirmed by enzyme-linked
immunosorbent assay (ELISA) test for hepatitis
B surface antigen (HBsAg), Hepatitis B ¢
antigen (HBeAg) and HBV-DNA polymerase
chain reaction (PCR). All the patients were

examined by a gastroenterologist, using the

Scheuer scoring system; nobody showed
fibrosis. The patients

did not show apparent auto-immune hepatitis,
primary biliary cirrhosis, alcoholic liver disease,
sclerosing cholangitis, Wilson’s disease,
cirrhosis, al-antitrypsin deficiency, current or
past history of alcohol abuse, and previous liver
transplantation or evidence of hepatocellular
carcinoma. None of the patients had received
antiviral therapy before taking part in the
study in order to avoid the possible effect of
therapy on the expression of S100A12, RAGE
and NF-xB. The positive sera for human
immunodeficiency virus type 1 (HIV-1),
hepatitis C virus (HCV), Syphilis were excluded
from our study. Anti-HIV and anti-HCV
antibodies were detected using commercial
ELISA kits (Diapro, Diaplus, Italy). Syphilis
disease was detected by serologic tests. No
patients with metabolic disease such as diabetes
were included. Serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST)
levels in HCV patients were measured by the
Prestige auto-analyzer, (Tokyo, Japan) and the
biosystem kit (Spain). Total bilirubin and HBV-
DNA copy (Cinnaclone, Iran) number in the
patients were determined before they took part in

the study.

Table 1. Illustration of the primer sequences, which were used for evaluation
of mRNA Levels of SI00A12, RAGE and NF-kB by Real-Time PCR

Gene Primers
S100AL o GGAGGGAATTGTCAATATC
Reverse ATCTTGATTAGCATCCAGG
ot GACCCTGGAAGGAAGGAAGCAG
GBI Reverse CCCCTTACACTTCAGCACC
, ForEd GGCACCCAGCACAATGAAG
. Reverse AAATGAGCCCCAGCCTTC

RAGE; Receptor for advanced glycation end products
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Sixty sex and age-matched healthy subjects
also were selected from the Rafsanjan Blood
Transfusion Organization, Iran. They were
sero-negative for HBV, HIV-1, HCV and
Syphilis. The healthy donors did not receive
any immunosuppressant drugs at least one
month before taking blood samples. Five
milliliters of each peripheral blood sample
were taken in sterile vacutainer tubes
containing ethylenediaminetetraacetic acid.
Obtaining blood samples from subjects were
transferred immediately to the laboratory with
special conditions in terms of temperature,
safety and absence of microbial contamination
and mRNA extracted from the samples.
RNA extraction and reverse transcription
collected blood cells were centrifuged, lysed
and homogenized in presence of Trizol (RNX
TM-PLUS, Cinnaclon, Iran) at the ratio of 1
ml TRI/10” cells. Total cellular RNA was
extracted using the RNA Extraction kit
(Parstus, Iran). The quantity and purity of the
RNA were assessed by measuring the
absorbance at 260 nm and the ratio
A260/A280 in a UV-spectrophotometer (Photo
Biometer, Eppendorf, Germany). To make
linear and preventing of forming secondary
structures of RNA, the samples were kept for
10 min. in 60°C in Bio-Rad thermocycler (Bio-
Rad, USA, C1000). A total of 5 ug of RNA
was reverse transcribed into single-stranded
complementary DNA (cDNA) using a
commercial kit (¢cDNA Synthesis kit, Paretus,
Iran). Reverse transcribed according to kit
instructions. Briefly, the reaction mixture

containing 5 pg of extracted RNA, 0.5 pug of

oligo (dT), 50 ng/ul random hexamer and
cDNA mastermix (Parstus, Iran) in 20 ml of
total volume was incubated at 42°C for 60 min.
The products were analyzed on 1% agarose gel
stained with a green viewer. The cDNA was
kept at -20°C.

Real-time PCR

Real-time PCR of S100A12 and RAGE was
performed using the real Q-PCR master mix
kit (Ampliqon III, Denmark), according to the
kit protocol, and the mRNA expression levels
of SI00A12 and RAGE were quantified using
real time PCR system (Bio-Rad, CFX96,
USA). Beta-actin was used as a housekeeping
gene for normalization of the amount of
mRNA expression of the genes of interest.
Primers were designed according to published
sequences in the Genome database (Genbank)
using the PRIMER3 software. The sequences
of the primers are shown in table 1. Briefly, 3
ng of cDNA was used for each PCR with 2pM
of forward and reverse primers in a total
volume of 20 pL. The thermal cycling
conditions comprised of 5 min. at 94°C,
followed by 45 cycles at 95°C for 1 min., 58°C
for 30 seconds, and 72°C for 30 seconds. The
relative quantity of the target mRNA was
normalized to the level of the internal control
beta-actin mRNA level. Gene expression was

expressed in relative units (RQ=2"4T

) where
ACT is the difference between the gene of the
target and the housekeeping gene, and AACT
is the change between the ACT for each sample
and the control group. Each S100A12 and RAGE

gene was then described as the fold change from
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the control group. Real-time PCR data were
analyzed by BIORAD CFX manager software.
Statistical analysis

Statistical analyses were performed using SPSS,
version 18 (SPSS Inc., Chicago, IL, USA).
Continuous variables (AST, Bilirubin, age, and
ALT) are presented as mean (+SD). Paired

sample t-test was used for comparing of cycle

threshold (CT) mean between CHB patients and
the healthy donors. A P value less than 0.05 was

considered as a significant difference.
Results

Patient’s Characteristics
Characteristics of the patients and healthy

subjects are shown in table 2.

Table 2. Characteristics of CHB patients and Healthy donors

Characteristics CHB patients Healthy donors Pv

Number 60

Age 37 (12.1) 38(9.2) 0.11
Gender (male/female) 35/25 0.32
HBYV DNA (log copies/ml)  Male: 10.2 (9.3-11.5) ] 0.10

Female: 9.32 (8.1-10.4)

ALT (IU/L) 45 (20-78) 28(15-48) 0.087
Total bilirubin (mg/dL) 0.8 (0.5-1.6) 0.7(0.4-0.9) 0.15
AST (IU/L) 48 (32-84) 36(24-65) 0.098

CHB; Chronic Hepatitis B, HBV; hepatitis B virus, HBeAg; hepatitis B ¢
antigen, ALT; alanine aminotransferase, AST; aspartate aminotransferase

Matching of age and gender between the
patients and healthy donors was done. The
CHB group’s age was followed for an average
of 37£12.1 years, whereas the control group
was followed for an average of 3849.2 years.
In the CHB group, male patients (55%) had
HBV-DNA (10.2 log copies/ml) and female
(45%) had 9.3 log copy/ml. HBV infection
duration in the patients was not cleared, but at
the time of sampling none of the CHB
patients showed developed liver cirrhosis
symptoms. Although in the most of CHB
patients ALT and AST enzymes showed
slightly rising, statistical analysis did not
confirm a significant difference between the

patients and healthy donors.

RT-PCR of S100A12 and RAGE

The confirmed CHB patients and healthy
donors evaluated for mRNA expression in
peripheral blood cells according to the materials
and methods. The results demonstrated the
average log S100A12 gene expression in the
CHB patients (0.034+0.017) have decreased
significantly compared to the control group
(0.242+0.059) (Fig. 1) (p=0.001).

RAGE as the main receptor of SI00A12 was
investigated on the level of mRNA in peripheral
blood cells of the CHB patients by RT-PCR.
Expression of RAGE gene in the CHB patients
(0.005+£0.002) also showed substantially
decreasing compared to the healthy donors

(0.095+0.031) (Fig. 2) (p=0.001).
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HBV-DNA
determined by PCR in all patients, and 28, 14,

copy number per ml was

and 18 patients were carrying <20,000, 20,000—
100,000, and >100,000 HBV copy number/mL,
respectively. Our results in the case of HBV-
DNA copy/ml did not show significant
correlation between loads of the virus and
expression levels of the S100A12 and RAGE
genes (Fig. 3) (p>0.05).
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Measuring HBsAg and HBeAg by ELISA
method also were carried out in all of the
patients. All the CHB patients were HBsAg
positive, while only 16 (26.7%) of the patients
showed HBeAg in their serum. Expression of
S100A12 and RAGE between HBeAg negative
and HBeAg positive did not show a significant
difference (p>0.05) (Fig. 4).

Relative expression of S100A12

CHB patients

Healthy donors

Fig 1. The S100A12 gene expression in the CHB group and the healthy donors. As
the figure shows the expression levels ofSI00A12in the patients with chronic
hepatitis B significantly reduced compared to the control group (p=0.001).
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Fig 2. Relative expression of RAGE in the CHB patients. The results reveal that
the expression levels of RAGE in patients with chronic hepatitis B significantly
reduced compared to the control group (p=0.001).
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Fig 3. Relationship between HBV-DNA viral load, S100A12 and RAGE
expression levels. The CHB patients were divided to 3 groups base on HBV-DNA
copy number/ml: group A <20000, group B between 20000-100000 and group
C>100000. Statistical analysis did not show significant differences between
expression levels SI00A12 and RAGE and viral load (p>0.05).
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Fig 4. Relative expression of SI00A12 and RAGE in HBeAg-positive and HBeAg-
negative CHB patients. The results showed mRNA expression levels of SI00A12
and RAGE were not altered among HBeAg-positive and HBeAg-negative CHB

patients (p>0.05).

Discussion

Plenty of studies have demonstrated that S100
proteins are able to direct proliferation,
migration, tissue repair, antimicrobial activity
and inflammation via different receptors on
surface of cells [22]. S100 proteins, including
S100A8/A9 and S100A12 efficiently induce

inflammatory responses and are considered as

systemic inflammatory markers [23]. According
to the recent reports TNF production after
engaging S100A12 with its receptor on
macrophages substantially augmented [24-26].
Additionally, in the bowel disease related to
bacterial infection, there is a cooperation

between S100 proteins and neutrophils and
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TH17 cells [27]. However, our knowledge of
S100 family proteins function in viral infection
disease and especially HBV infection remain
obviously to be elucidated.

Results of the study confirmed that SI00A12 and
RAGE genes expression were significantly
decreased in the CHB patients when compared
to the healthy subjects. The compromised ability
of peripheral blood cells in CHB patients for
expressing S100A12 did not show significant
correlation with HBV viral load and HBeAg
concentration. The concentrations of ALT and
AST enzymes in the patients were also roughly
similar to the healthy subjects. Defects in
producing of the proinflammatory agents may
lead to inappropriate immune responses resulting
in developing chronic infection. In consistent
with our results, Cai and colleagues also showed,
S100A12, HMGBI1 and sRAGE Ilevels in serum
of hepatitis B virus related acute-on-chronic liver
failure (HBV-related ACLF) patients, a serious
condition with a high mortality, showed
significant elevation when compared with
CHB and healthy controls. Based on the
results, increase of S100A12 and HMGBI
concentrations are related to the poor prognosis
in the HVB-related ACLF [28]. In the liver
cirrhosis patients, SI00A12 concentrations were
lower than those in HBV-related ACLF patients.
However, the patients who were selected in our
study according to clinical examination and liver
enzymes measurements and other confirming
criteria had not shown cirrhosis and fibrosis. On
the other hand, our survey was carried out on
peripheral blood cells and on mRNA expression.
Although the CHB patients did not show severe

involvement and liver injury, but declined

S100A12 comparing to healthy subjects
which showed the CHB patients may have some
defect to produce S100A12 appropriately.
Nevertheless, possible mechanisms, which may
lead to increase S100A12 in severe liver tissue
damage such as HVB-related ACLF are not clear
so far, but it seems that SI00A12 and its receptor
RAGE may serve as biomarkers that show a
correlation with deteriorating liver tissue damage
in the advanced liver injury caused by HBV and
could be considered as predicting factor in
prognosis of HBV infection. However, our study
results confirmed that in the CHB patients who
have no acute inflammation or intensive liver
tissue damage, S100A12 and RAGE were
decreased. Although this down regulation may
show non-inflammatory situation in the CHB
patients, but declined ability of peripheral blood
cells for production of the inflammatory proteins
may play a role in inappropriate immune

responses resulting in chronic infection disease.
Conclusion

Taken together, impaired expression of SI00A12
and its receptor might direct a role in developing
chronic CHB infection. To address this
hypothesis in more detail it needs to investigate
expression of SI00A12 in the liver tissue of the
CHB patients and in blood cells of cleared
patients of HBV infection. As effective acquired
immune responses to some extent are dependent
to innate immunity agents such as S100A12,
more studies need to address the exact role of the
proteins in CHB patients.

Conlflict of Interests
The authors have no conflicting financial interests.

International Journal of Medical Laboratory 2017;4(1): 15-24. 22


http://ijml.ssu.ac.ir/article-1-137-en.html

Downloaded from ijml.ssu.ac.ir at 12:04 IRDT on Wednesday April 19th 2017

EXPRESSION LEVELS OF S100A12 AND RAGE IN CHB INFECTION

Acknowledgments
This study was supported by a grant of International
Campus, Shahid Sadoughi of Medical Sciences.

References

[1]. Ott 1, Stevens G, Groeger J, Wiersma S. Global
epidemiology of hepatitis B virus infection: new
estimates of age-specific HBsAg seroprevalence
and endemicity. Vaccine 2012; 30: 2212-219.

[2]. McMahon BIJ. Chronic hepatitis B virus
infection. Medical Clinics of North America
2014; 98: 39-54.

[3]. Schweitzer A, Horn J, Mikolajczyk RT, Krause
G, Ott JJ. Estimations of worldwide prevalence
of chronic hepatitis B virus infection: a
systematic review of data published between
1965 and 2013. Lancet 2015; 386: 1546-555.

[4]. Jonas MM, Lok AS, McMahon BJ, Brown RS,
Wong JB, Ahmed AT, et al. Antiviral therapy in
management of chronic hepatitis B viral
infection in children: A systematic review and
meta-analysis. Hepatol. 2016; 63: 307-18.

[5]. van der Meer AJ, Veldt BJ, Feld JJ, Wedemeyer
H, Dufour J-F, Lammert F, et al. Association
between sustained virological response and all-
cause mortality among patients with chronic
hepatitis C and advanced hepatic fibrosis. JAMA
2012; 308: 2584-593.

[6]. Nebbia G, Peppa D, Maini M. Hepatitis B
infection: current concepts and future
challenges. Qjm 2012; 105: 109-13.

[7]. Zeissig S, Murata K, Sweet L, Publicover J, Hu
Z, Kaser A, et al. Hepatitis B virus-induced lipid
alterations contribute to natural killer T cell-
dependent protective immunity. Nature Med.
2012; 18: 1060-1068.

[8]. Donato R, R Cannon B, Sorci G, Riuzzi F, Hsu
K, J Weber D, et al. Functions of S100 proteins.
Curr Mol Med. 2013; 13: 24-57.

[9]. Kessel C, Holzinger D, Foell D. Phagocyte-
derived S100 proteins in autoinflammation:
putative role in pathogenesis and usefulness as
biomarkers. Clinic immunol. 2013; 147: 229-41.

[10]. Gross SR, Sin CGT, Barraclough R, Rudland
PS. Joining S100 proteins and migration: for
better or for worse, in sickness and in health.
Cell Mol Life Sci. 2014;71: 1551-579.

[11]. Yammani RR. S100 proteins in cartilage: role
in arthritis. Biochimica et Biophysica Acta
(BBA)-Molecular Basis of Disease 2012; 1822:
600-606.

[12]. Naruse K, Sado T, Noguchi T, Tsunemi T,
Yoshida S, Akasaka J, et al. Peripheral RAGE

(receptor for advanced glycation endproducts)-
ligands in normal pregnancy and preeclampsia:
novel markers of inflammatory response. J
Reproduct Immunol. 2012; 93: 69-74.

[13]. Yamamoto Y, Yamamoto H. RAGE-mediated
inflammation, type 2 diabetes, and diabetic
vascular complication. Obesity-Induced Inflammat
Insulin Resist. 2015; 32: 21.

[14]. Tang D, Kang R, Coyne CB, Zeh HJ, Lotze
MT. PAMPs and DAMPs: signal Os that spur
autophagy and immunity. Immunol Rev. 2012;
249: 158-75.

[15]. Niu W, Qi Y. Matrix metalloproteinase
family gene polymorphisms and risk for
coronary artery disease: systematic review and
meta-analysis. Heart 2012; 98: 1483-91.

[16]. Pollanen PJ, Lehtimaki T, Mikkelsson J,
Ilveskoski E, Kunnas T, Perola M, et al. Matrix
metalloproteinase3 and 9 gene promoter
polymorphisms: joint action of two loci as a risk
factor for coronary artery complicated plaques.
Atherosclerosis 2005; 180: 73-8.

[17]. Bresnick AR, Weber DJ, Zimmer DB. S100
proteins in cancer. Nature Rev Cancer. 2015; 15:
96-109.

[18]. Ji Y-F, Huang H, Jiang F, Ni R-Z, Xiao M-B.
S100 family signaling network and related
proteins in pancreatic cancer (Review). Int J Mol
Med. 2014; 33: 769-76.

[19]. C Tobon-Velasco J, Cuevas E, A Torres-
Ramos M. Receptor for AGEs (RAGE) as
mediator of NF-kB pathway activation in
neuroinflammation and oxidative stress. CNS &
Neurological Disorders-Drug Targets (Formerly
Current Drug Targets-CNS & Neurological
Disorders) 2014; 13: 1615-626.

[20]. Hemmer B, Kerschensteiner M, Korn T. Role
of the innate and adaptive immune responses in
the course of multiple sclerosis. Lancet Neurol.
2015; 14: 406-19.

[21]. Niven JA. The role of S100B in retinal
inflammation: Doctoral dissertation, University
of Aberdeen; 2013.

[22]. Heizmann CW, Fritz G, Schafer BW. S100
proteins: structure, functions and pathology.
Front Biosci. 2002;7: d1356-68.

[23]. Ryckman C, Vandal K, Rouleau P, Talbot M,
Tessier PA. Proinflammatory activities of S100:

23 International Journal of Medical Laboratory 2017;4(1):15-24.


http://ijml.ssu.ac.ir/article-1-137-en.html

Downloaded from ijml.ssu.ac.ir at 12:04 IRDT on Wednesday April 19th 2017

Y. Eskandari Torbaghan et al.

proteins S100A8, S100A9, and S100A8/A9
induce neutrophil chemotaxis and adhesion. J
Immunol. 2003; 170: 3233-242.

[24]. Ravasi T, Hsu K, Goyette J, Schroder K,
Yang Z, Rahimi F, et al. Probing the S100
protein family through genomic and functional
analysis. Genomics 2004; 84: 10-22.

[25]. Pietzsch J, Hoppmann S. Human S100A12: a
novel key player in inflammation? Amino Acids
2009; 36: 381-89.

[26]. Xu K, Geczy CL. IFN-gamma and TNF
regulate macrophage expression of the chemotactic

S100 protein S100A8. J Immunol. 2000; 164:
4916-923.

[27]. Wendling D. The gut in spondyloarthritis.
Joint Bone Spine 2016; 83: 401-405.

[28]. Cai J, Han T, Nie C, Jia X, Liu Y, Zhu Z,
et al. Biomarkers of oxidation stress,
inflammation, necrosis and apoptosis are
associated with hepatitis B-related acute-on-
chronic liver failure. Clin Res Hepatol
Gastroenterol. 2016; 40: 41-50.

International Journal of Medical Laboratory 2017;4(1): 15-24. 24


http://ijml.ssu.ac.ir/article-1-137-en.html

