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Abstract 

Background: S100A9 protein, which is recently classified as a novel damage associated molecular pattern, is released 
from stressed cells undergoing necrosis or secreted by living cells undergoing a stress that act as endogenous danger 
signal associated with infection, tissue damage and cancer. Here, we evaluated the relationship of serum S100A9 with 
viral replication and liver necroinflammation in patients with chronic hepatitis B (CHB) infection.

Methods: A total of one hundred and eighty-three recruited patients with CHB infection underwent liver biopsy for 
grading of necroinflammation (G) and staging of fibrosis (S). Forty-nine healthy individuals were included as healthy 
controls (HCs). Serum S100A9 levels were determined by enzyme-linked immunosorbent assay. Correlations of serum 
S100A9 with viral replication and liver necroinflammation were analyzed. The receiver operating characteristic curve 
was used to assess the discriminating power of serum S100A9 to grade liver necroinflammation (G). Liver normal L02 
cells were transfected with a HBV plasmid, and S100A9 levels were determined.

Results: Serum S100A9 levels were increased in CHB patients compared to HCs. Intrahepatic immunoreactivity 
for S100A9 was enhanced in liver sample from CHB patients. Infection of HBV also resulted in an elevated S100A9 
expression in L02 cells. Serum S100A9 was correlated with the serum HBV DNA levels. CHB patients with moderate-
to-severe liver necroinflammation (G ≥ 2) showed significantly higher serum S100A9 levels than those without or 
with mild necroinflammation (G < 2). In patients with normal ALT levels, the area under the curve (AUC) of S100A9 for 
discriminating patients with moderate-to-severe necroinflammation (G ≥ 2) was 0.791 [95% confidence interval (CI), 
0.670–0.913] with 91.7% sensitivity, 65.0% specificity and 78.3% accuracy. In patients with an alanine aminotransferase 
(ALT) < 2 upper limit of normal, the AUC of S100A9 for discriminating patients with moderate-to-severe necroinflam-
mation (G ≥ 2) was 0.826 (95% CI, 0.729–0.923) with 87.9% sensitivity, 72.5% specificity and 80.2% accuracy.

Conclusions: HBV infection may enhance S100A9 expression. Serum S100A9 levels are correlated with viral load. 
Serum S100A9 has potential to discriminate the grades of liver necroinflammation, particularly in CHB patients with 
normal or mildly increased ALT levels.

Keywords: Hepatitis B virus, Damage associated molecular pattern, S100A9, Liver necroinflammation

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Open Access

Journal of 
Translational Medicine

*Correspondence:  xiayuxue2006@163.com; dl13640529186@gmail.com 
1 Department of Laboratory Medicine, The First Affiliated Hospital 
of Chongqing Medical University, No.1 You Yi Road, Yuan Jia Gang, Yu 
Zhong District, Chongqing 400016, China
2 Department of Laboratory Medicine, The Second Affiliated Hospital 
of Chongqing Medical University, No.74 linjiang Road, Yu Zhong District, 
Chongqing 400010, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12967-018-1462-2&domain=pdf


Page 2 of 12Wu et al. J Transl Med  (2018) 16:83 

Background
Hepatitis B virus (HBV) infection is a common and seri-
ous public health concern worldwide [1]. China has a 
high prevalence of HBV infection, and about 400 million 
people worldwide are HBV carriers [2]. Once the infec-
tion becomes chronic, CHB patients are at greater risk of 
developing liver cirrhosis, subsequent liver decompensa-
tion or hepatocellular carcinoma (HCC) [3].

Serum ALT is the most commonly used marker that 
reflects the extent of liver necroinflammation [4]. The 
clinical diagnosis of active CHB and the timing of anti-
viral therapy are also predominantly based on whether 
the increased ALT in CHB patients is persistent or inter-
mittent [5]. However, it is different to decide whether the 
patients commence therapy when they have a high viral 
load but with normal ALT or an ALT < two ULN. Liver 
biopsy is currently the gold standard for assessment of 
HBV-induced liver injury severity or monitoring of CHB 
progression. Since it is an invasive and painful proce-
dure, liver biopsy limits the application in asymptomatic 
patients [6]. Additionally, the accuracy of liver biopsies 
may be affected by the observer variability or sampling 
error, which may lead to the under-staging of the pathol-
ogy [7, 8]. Therefore, there is a urgent need for additional 
promising serum biomarkers for assist in the detection of 
liver necroinflammation.

Recently, the concept of DAMP has emerged as a novel 
mechanism for the initiating and promoting the inflam-
mation. DAMPs are molecules released by stressed cells 
undergoing necrosis or secreted by living cells under-
going a life-threatening stress that act as endogenous 
danger signals associated with infection, cellular stress, 
tissue damage and cancer [9, 10]. In the liver diseases, 
endogenous DAMPs are released by stressed and dying 
hepatocytes, which alarm the immune system through 
their potential pattern recognition receptors and related 
signaling pathways, orchestrate the influx of diverse 
inflammatory cytokines, and ultimately amplify liver 
destruction [11]. Notably, DAMPs in plasma or serum 
has been proved to be an emerging field for noninva-
sive molecular diagnosis. Increasing evidence suggests 
that increased serum levels of these DAMPs have been 
associated with many inflammatory diseases, including 
sepsis, pancreatitis, arthritis, Crohn’s disease and cancer 
[12–16]. Therapeutic strategies are being developed to 
modulate the expression of these DAMPs as well as the 
inflammatory responses triggered by DAMPs for improv-
ing the clinical management of infection- and injury-elic-
ited inflammatory diseases.

S100A9 protein (also known as Calgranulin B or 
MRP-14), which is recently classified as a noval DAMP, 
is released from undamaged or infected cells to activate 
the toll-like receptor 4/myeloid differentiation primary 

response 88 (TLR4/MyD88) or receptor for advanced 
glycation end product (RAGE) signaling pathway for 
induction of innate and inflammatory responses [17]. 
As an intracellular calcium-binding molecule, S100A9 
has a role in migration and cytoskeletal metabolism 
[18]. Remarkably, cell damage or activation of inflam-
matory cells triggers its release into the extracellular 
space where it becomes danger signal that exhibits pro-
inflammatory functions, including potent chemotactic 
biological function for neutrophils and mononuclear 
cells and activation of neutrophils [19]. Also, S100A9 
is one of the most abundant proteins found in neutro-
phils, macrophages, and epithelial cells during chronic 
inflammation [20]. However, to our knowledge to date, 
whether S100A9 can function as a host-derived molec-
ular pattern during HBV infection and progression is 
not known.

Since the pathogenesis of liver diseases varies and the 
role of S100A9 in CHB have not been clarified, serum 
S100A9 levels from patients with CHB were measured in 
the present study, and their association with liver disease 
progression was also analyzed in detail.

Methods
Patient samples
Serum samples with chronic HBV infection were pro-
spectively recruited from the First and Second Affili-
ated Hospital of Chongqing Medical University from 
May 2015 to May 2017. One hundred and eighty-three 
treatment-naive patients with CHB were included in 
this study and underwent liver biopsy. Patients were not 
included if they were detected with other causes of liver 
disease, such as superinfection with hepatitis virus C, A, 
D, and E, autoimmune liver disease and alcoholic liver 
disease. The patients were consisted of four subgroups 
[HBeAg(−) inactive HBV carrier, HBeAg(−) immune 
reactivation phase, HBeAg(+) immune-tolerant phase 
and HBeAg(+) immune-active phase] at different stages 
of the natural course of chronic HBV infection accord-
ing to the American Association for the Study of Liver 
Diseases (AASLD) [21]. Additionally, forty-nine age and 
gender-matched healthy volunteers were enrolled as 
healthy controls (HCs). Also, five normal liver samples 
were obtained form healthy controls that underwent 
liver biopsy for excluding malignancy. Informed writ-
ten consent was obtained from all patients and the study 
was approved by the Institutional Ethics Committee for 
human studies at the First and Second hospital affiliated 
to Chongqing Medical University, Chongqing, China. 
All procedures were in accordance with the declaration 
of Helsinki. Patient characteristics are summarized in 
Table 1.
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Blood sampling
Blood samples were first centrifuged at 3000×g for 
10 min at 4 °C. The serum was removed and recentrifuged 
at 3000×g for an additional 10 min at 4 °C to remove any 
remaining cellular debris. Finally, aliquoted serum sam-
ples were stored at − 80 °C until further processing.

Liver histology
All liver biopsy specimens were fixed in 10% formalin, 
embedded in paraffin, and stained with either hema-
toxylin and eosin or masson’s trichrome staining. The 
sections were then independently examined by two expe-
rienced pathologists who were unaware of clinical status. 
Histologic examination of necroinflammatory lesions 
and fibrosis was evaluated based on the modified scheuer 
cooling system [22].

Serological test and measurement of serum S100A9
All serum samples collected were first blinded and 
then tested in duplicate. The Alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) in serum 
were assayed using an automated chemical analyzer 
Hitachi7600-110 (Japan). HBsAg, HBeAg, and antibodies 
against HBsAg (anti-HBs), HBeAg (anti-HBe) and hepa-
titis B core antigen (anti-HBc) were determined using 
the Abbatt i2000 Immunoassay Analyzer. HBV DNA 
was quantified using by Roche cobas Z480 Analyzer. 
S100A9 was measured using a human S100A9 ELISA kit 
(DGE10839, China) according to the manufacturer’s rec-
ommended procedure.

Cell culture and transfection
Human normal liver cell line L02 was purchased from 
ATCC (American Type Culture Collection, Manassas, 
VA) and maintained in the Dulbecco’s modified Eagle’s 
medium (DMEM) with 10% fetal bovine serum (FBS, 
Hyclone, USA). Cell culture was maintained at 37  °C in 
a humid atmosphere containing 5%  CO2. Transfection of 
L02 cells with pcDNA3.1-HBV or its control pcDNA3.1 
was carried out using Lipofectamine 2000 (Invitrogen; 
USA), and the cells were collected after transfection for 
indicated time for the subsequent experiment.

Immunohistochemical (IHC) procedures
The expression of S100A9 in tissues was examined by 
IHC. The sections from the formalin fixed, paraffin-
embedded tissues were deparaffinized and dehydrated. 
Then the sections were boiled for 10 min in 0.01 M cit-
rate buffer and incubated with 0.3% hydrogen peroxide 
 (H2O2) in methanol for 15 min to block endogenous per-
oxidase. The sections were then incubated with the anti-
S100A9 polyclonal antibody (1:300 dilution; ab63818, 
abcam, UK) overnight at 4 °C, following incubation with 
secondary antibody tagged with the peroxidase enzyme 
(SP-9000, Zhongshan Golden Bridge, China) for 30 min 
at room temperature and were visualized with 0.05% 
3,3-diamino-benzidine tetrachloride (DAB) till the 
desired brown reaction product was obtained. The sec-
tions were finally counter-stained with hematoxylin. 
Control sections were performed using phosphate buffer 
solution (PBS) without a primary antibody. All slides 

Table 1 The characteristics of enrolled individuals

For age, ALT, AST, HBV DNA titres and HBsAg, data are presented as median (interquartile range)

N/A not available

p values < 0.05 are considered as significant

Parameters CHB (n = 183) HCs (n = 49) p value

HBeAg(−) HBeAg(+) CHB vs HCs

Inactive carrier 
(n = 13)

Immune 
reactivation 
(n = 79)

Immune-tolerant 
(n = 23)

Immune-active 
phase (n = 68)

Gender (male, %) 10 (76.9%) 57 (72.1%) 13 (56.5%) 38 (55.8%) 36 (73.4%) > 0.05

Age (years) 37 (9) 47 (19) 39 (10) 41 (12) 37 (14) > 0.05

ALT (U/L) 23 (19.5) 54 (56) 34 (15) 145 (314) 19 (16.8) < 0.01

AST (U/L) 24 (11.5) 52 (46) 21 (9) 113 (208) 21 (15.4) < 0.01

HBV DNA  (log10 IU/ml) 2.58 (1.95) 4.3 (2.45) 6.32 (1.79) 5.48 (2.17) N/A

HBsAg  (log10 IU/ml) 3.02 (0.57) 3.34 (0.97) 4.02 (0.95) 4.63 (1.7) N/A

Grading of necroinflamma-
tion (n) G0/G1/G2/G3/G4

9/4/0/0/0 10/37/16/12/4 4/19/0/0/0 1/1/22/22/22

Stage of fibrosis (n) S0/S1/
S2/S3/S4 (S4: cirrhosis)

8/5/0/0/0 5/16/25/23/10 7/16/0/0/0/ 2/7/24/22/13
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were observed under a Nikon E400 Light microscope and 
representative images were taken.

Immunofluorescent staining
Cells were washed with PBS and fixed in 4% paraform-
aldehyde, then permeabilized with 0.2% Triton X-100. 
Cover slips were rinsed and incubated with blocking 
serum and then incubated overnight at 4 °C with primary 
anti-S100A9 antibody. The cells were then washed with 
PBS and stained with the corresponding FITC-conju-
gated secondary antibody. The nuclei were visualized by 
staining the cells with DAPI. The fluorescent images were 
then observed and analyzed by fluorescence microscopy.

Real time quantitative PCR analysis
L02 cells were transfected with HBV for 24  h and then 
lysed with Trizol (Invitrogen, Carlsbad, CA, USA). Com-
plementary single-stranded DNA was synthesized from 
total RNA by reverse transcription (TaKaRa, Japan). 
Primers were also synthesized by Invitrogen. Real time 
PCR was performed using SYBR Green master mix 
(TaKaRa, Japan). Quantification of cDNA targets was 
performed on Roche cobas Z480 Analyzer. GAPDH was 
used as an internal control. The PCR conditions and 
primers sequence were as follows: human S100A9 prim-
ers (forward) 5′-TCA TCA ACA CCT TCC ACC AA-3′ and 
(reverse) 5′-TTA GCC TCG CCA TCA GCA -3′; GAPDH 
primers (forward) 5′-CAG CGA CAC CCA CTC CTC -3′ 
and (reverse) 5′-TGA GGT CCA CCA CCC TGT -3′. Gene 
expression was determined by normalization against 
GAPDH expression.

Western blot assay
Western blot analysis was applied to evaluate levels of 
S100A9 in cells. Briefly, the cells were collected and 
washed with ice-cold PBS, then lysed on ice in radio 
immunoprecipitation assay (RIPA) buffer. Samples con-
taining equal amount of proteins were separated in 10% 
SDS-PAGE and blotted onto the PVDF membranes. Then 
the membranes were blocked with 5% bovine serum 
albumin and incubated with anti-S100A9 or anti-β-actin 
antibody (1:1000 dilution, respectively), followed by incu-
bation with secondary antibody conjugated with horse-
radish peroxidase. The proteins of interest were detected 
using the SuperSignal West Pico Chemiluminescent 
Substrate kit. The results were recorded by the Bio-Rad 
Electrophoresis Documentation (Gel Doc 1000, Bio-Rad, 
USA) and Quantity One Version 4.5.0.

Statistical analysis
Data were analyzed using SPSS 17.0 (IBM, Armonk, NY). 
The Kruskal–Wallis or Mann–Whitney test was per-
formed to determine the significance of serum S100A9 

levels. Receiver operating characteristic (ROC) curves 
were generated to classify patients in different groups, 
as well as for the evaluation of the diagnostic potential of 
serum S100A9 via calculation of the area under the ROC 
curve (AUC), sensitivity and specificity according to 
standard formulas. Correlation coefficients (r) were cal-
culated using spearman correlation. Differences between 
multiple groups in L02 cells were evaluated using one-
way analysis of variance. A p value < 0.05 was considered 
statistically significant.

Results
S100A9 levels in different groups of patients with CHB
To assess whether serum S100A9 levels are abnormally 
altered in CHB patients, we detected and analyzed its 
levels in different groups of patients and HCs. CHB 
patients showed significantly higher serum S100A9 lev-
els than HCs (Fig. 1a). According to AASLD guidelines, 
CHB patients were classified to four subgroups includ-
ing HBeAg(−) inactive CHB phase, HBeAg(−) immune 
reactivation phase, HBeAg(+) immune-tolerant phase, 
HBeAg(+) immune-active phase. We then assessed 
S100A9 levels in these four subgroups and compared 
them to each other. In HBeAg(−) two subgroups, S100A9 
levels were significantly higher in immune reactivation 
phase than that in inactive phase (Fig. 1b). In HBeAg(+) 
two subgroups, S100A9 levels were also higher in 
immune-active phase than that in immune-tolerant 
phase (Fig.  1b). Also, S100A9 levels were also higher in 
HBeAg(+) immune-active phase than that in HBeAg(−) 
reactivation phase (Fig.  1b). Further, we also detected 
and analyzed the S100A9 levels in CHB patients with and 
without liver cirrhosis. CHB patients with liver cirrhosis 
had higher S100A9 levels than CHB patients without cir-
rhosis (Fig. 1c).

Correlation of serum S100A9 with viral replication in CHB 
patients
To investigate whether serum S100A9 levels are associ-
ated with HBV replication, we analyzed serum S100A9 
levels in various viral loads in CHB patients. We found 
that the increased average level of serum S100A9 was 
proportional to the increase of serum HBV DNA and 
HBsAg (Fig.  2a and b). CHB patients with HBV DNA 
load ≥ 7  log10 IU/ml showed higher serum S100A9 lev-
els than the patients with HBV DNA load ≥ 5–7  log10 IU/
ml or < 5  log10 IU/ml. CHB patients with viral load < 5 
 log10 IU/ml showed the lowest average serum S100A9 
levels (Fig.  2a). Further, we also analyzed the correla-
tion between serum S100A9 levels and HBsAg lev-
els, a known biomarker of viral replication. We found 
that S100A9 levels increased significantly with those of 
HBsAg (Fig.  2b). CHB patients with HBsAg levels ≥ 4 
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 log10 IU/ml showed the higher S100A9 levels than the 
patients with HBsAg levels ≥ 3–4  log10 IU/ml or < 3  log10 
IU/ml. We further analyzed the correlation of serum 
S100A9 levels with viral loads. S100A9 levels were found 
to be correlated with HBV DNA levels in CHB patients 
(Fig. 2c). Since increased levels of HBV DNA are mainly 
existed in subgroups of HBeAg(−) immune reactivation 
phase, HBeAg(+) immune-tolerant phase and HBeAg(+) 
immune-active phase, correlation of serum S100A9 lev-
els and HBV DNA levels was also analyzed in these three 
subgroups. Positive correlation of serum S100A9 levels 
with viral loads was found in HBeAg(−) immune reac-
tivation phase and HBeAg(+) immune-active phase but 
not in HBeAg(+) immune-tolerant phase (Fig. 2d–f).

Relationship of between serum S100A9 
and necroinflammation in CHB patients
Patients with moderate-to-severe necroinflammation 
(G2–4) showed higher S100A9 levels than those with no 
or mild liver necroinflammation (G0–1) (Fig.  3a). Simi-
larly, patients with moderate-to-severe fibrosis (S2–4) 
also showed higher S100A9 levels than those with no or 

mild liver fibrosis (S0–1) (Fig.  3b). When combing liver 
neuroinflammation and fibrosis, patients with signifi-
cant liver damage (G2–4 or S2–4) showed significantly 
higher S100A9 levels than those with no and mild liver 
damage (G0–1 and S0–1) (Fig. 3c). We further analyzed 
the correlation of serum S100A9 levels with necroinflam-
mation parameter ALT. S100A9 levels were found to be 
correlated with ALT in CHB patients (Fig. 3d). Since ele-
vated levels of ALT are mainly existed in two subgroups 
of HBeAg(−) immune reactivation phase and HBeAg(+) 
immune-active phase, correlation of serum S100A9 levels 
with ALT in these two phases was also analyzed. S100A9 
levels were also found to be correlated with ALT in these 
two subgroups (Fig. 3e and f ).

Differentiating power of S100A9 for liver 
necroinflammation
ALT and AST are important biomarkers of liver necroin-
flammation and indicator of prior CHB treatment. Our 
study showed that ALT or AST had the high diagnostic 
value for identifying the patients with liver necroinflam-
mation from healthy individuals, with an AUC of 0.836 

Fig. 1 Serum S100A9 levels in healthy subjects and patients samples. a ELISA analysis of S100A9 levels from blood serum samples in healthy 
controls (HCs) and CHB patients. b ELISA analysis of S100A9 levels from blood serum samples in four subgroups of CHB patients. c ELISA analysis 
of S100A9 levels from blood serum samples in CHB patients with and without liver cirrhosis. Data represents the mean ± SD, *p < 0.05; **p < 0.01; 
***p < 0.001
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(95% CI, 0.771–0.900) or 0.823 (95% CI, 0.765–0.883) 
(Fig. 4a). We next evaluated whether serum S100A9 can 
predict the patients with liver necroinflammation from 
healthy individuals. The ROC analysis indicated that 
diagnostic value of serum S100A9 was equivalent to ALT 
or AST, which yielded an AUC of 0.827 (95% CI, 0.749–
0.904) with 71.2% sensitivity, 81.6% specificity and 76.4% 
accuracy (Fig. 4a). These findings indicate that the identi-
fied S100A9 could efficiently discriminate CHB patients 
from HCs. To further evaluate whether serum S100A9 

can predict liver fibrosis grade, we compared serum 
S100A9 levels between CHB patients with moderate-to-
severe fibrosis (S2–4) and with no or mild liver fibrosis 
(S0–1). ROC analysis showed that serum S100A9 levels 
had weaker diagnostic value for identifying liver mod-
erate-to-severe fibrosis, which yielded an AUC of 0.631 
(95% CI, 0.535–0.725) with 74.3% sensitivity, 50.9% speci-
ficity and 62.6% accuracy (Fig.  4b). These results imply 
weaker diagnostic performance of serum S100A9 for the 
detection of liver fibrosis than liver inflammation.

Fig. 2 Correlations of serum S100A9 levels with HBV DNA and HBsAg. a Distribution of serum S100A9 levels in patients with different viral 
load (< 5, ≥ 5–7 and ≥ 7  log10 IU/ml). b Distribution of serum S100A9 levels in patients with different HBsAg levels (< 3, ≥ 3–4 and ≥ 4  log10 
IU/m). c Correlation between serum S100A9 levels and HBV DNA levels in CHB patients. d Correlation between serum S100A9 levels and HBV 
DNA levels in subgroup of HBeAg(−) immune reactivation CHB patients. e Correlation between serum S100A9 levels and HBV DNA levels in 
subgroup of HBeAg(+) immune-tolerant CHB patients. f Correlation between serum S100A9 levels and HBV DNA levels in subgroup of HBeAg(+) 
immune-active CHB patients. Data represents the mean ± SD, *p < 0.05; **p < 0.01; ***p < 0.001
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Although ALT is an important biomarker for liver 
necroinflammation, patients with normal or mildly 
increased ALT may have severe liver necroinflammation 
that may not be recognized without a liver biopsy. There-
fore, we determined whether serum S100A9 levels could 
be used for differentiating moderate-to-severe necroin-
flammation (G ≥ 2). In patients with normal ALT levels, 
the area under the curve (AUC) of S100A9 for discrimi-
nating patients with moderate-to-severe necroinflamma-
tion (G ≥ 2) was 0.791 (95% CI, 0.670–0.913) with 91.7% 
sensitivity, 65.0% specificity and 78.3% accuracy (Fig. 4c). 
In patients with an ALT < 2 upper limit of normal (ULN), 

the AUC of S100A9 for discriminating patients with 
moderate-to-severe necroinflammation (G ≥ 2) was 0.826 
(95% CI, 0.729–0.923) with 87.9% sensitivity, 72.5% speci-
ficity and 80.2% accuracy (Fig.  4c). These data suggest 
that serum S100A9 is superior to ALT for differentiating 
moderate-to-severe necroinflammation in patients with 
normal or minimally elevated ALT.

Enhanced S100A9 expression in liver tissues and cells 
infected with HBV
Intrahepatic expression of S100A9 was detected by IHC 
in biopsied liver samples from HBV-infected patients as 

Fig. 3 Relationship between serum S100A9 levels and liver necroinflammation or fibrosis. a Distribution of serum S100A9 levels in CHB patients 
with different phases (no or mild liver necroinflammation, G0–1; moderate-to-severe necroinflammation, G2–4). b Distribution of serum S100A9 
levels in CHB patients with different phases of fibrosis (no or mild liver fibrosis, S0–1; moderate-to-severe fibrosis, S2–4). c Distribution of serum 
S100A9 levels in CHB patients with different degrees of liver damage (no or mild liver damage, G0–1 or S0–1; significant liver damage, G2–4 
or S2–4). d Correlation between serum S100A9 levels and ALT levels in CHB patients. e Correlation of serum S100A9 levels with ALT levels in 
subgroup of HBeAg(−) immune reactivation CHB patients. f Correlation between serum S100A9 levels and ALT levels in subgroup of HBeAg(+) 
immune-active CHB patients. Data represents the mean ± SD, *p < 0.05; **p < 0.01; ***p < 0.001
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well as healthy controls that underwent liver biopsy for 
excluding malignancy. The enhanced immunoreactiv-
ity for S100A9 was detected in biopsied liver samples 
from randomly selected 12 patients with CHB patients 
(Fig.  5a). Further, the gene and protein expression of 
S100A9 was also up-regulated in HBV-transfected liver 
normal L02 cells compared to the cells transfected with 
control vector pcDNA3.1 by immunofluorescence stain-
ing and western blotting (Fig. 5b–d). And high levels of 
S100A9 was also observed in cell supernatant form HBV-
transfected L02 cells by ELISA (Fig.  5e). These results 
suggest that HBV infection results in elevated S100A9 
expression.

Discussion
The cytoplasmic S100 proteins are promising new 
DAMPs in the pathogenesis of acute and chronic inflam-
mation. S100A9 belongs to S100 protein family and exerts 
a proinflammatory role [23]. Several studies have been 
reported the correlation of S100A9 with inflammatory 
disease, including rheumatoid arthritis, inflammatory 
bowel disease and sepsis [24–26]. In the present study, 

we investigated the association of S100A9 with viral rep-
lication and liver necroinflammation in CHB patients, as 
well as the regulatory effect of HBV on S100A9 expres-
sion in vitro.

In our present study, serum S100A9 was correlated 
with viral load in CHB patients as well as in subgroups 
of HBeAg(−) immune reactivation phase and HBeAg(+) 
immune-active phase, which is consistent with previous 
reports showing that other DAMPs such as heat shock 
proteins have been reported to be supportive factors in 
the process of HBV replication [27–29]. Additionally, the 
IHC staining for S100A9 in tissues section from CHB 
patients also supported these clinical findings. We also 
demonstrated that HBV infection resulted in elevated 
S100A9 expression in liver cells. It is well known that 
the double-stranded DNA genome of HBV contains four 
overlapping open reading frames that encode the sur-
face protein, the core protein, a polymerase and the X 
protein (HBx) [30]. HBx is a multifunctional regulator 
protein, which does not bind directly to DNA, but exerts 
transcriptional activation by its interaction with nuclear 
transcription factors such as NF-kappa B (NF-κB), AP-1 

Fig. 4 Differentiating power of S100A9 for liver necroinflammation. a ROC curves of serum ALT, AST and S100A9 for detecting liver 
necroinflammation in CHB patients from HCs. b ROC curve of serum S100A9 for detecting moderate-to-severe liver fibrosis from no or mild liver 
fibrosis in CHB patients. c ROC curves of serum S100A9 for detecting moderate-to-severe necroinflammation in CHB patients with normal or mildly 
increased ALT from HCs
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and CREB [31]. A recent study indicates that transcrip-
tion factor NF-κB can bind to the promoter of S100A9 
and regulate its expression in HCC [32]. So whether 
HBx-induced NF-κB activation is involved in the elevated 
S100A9 expression by HBV infection remained to be 
evaluated in the future study. One thing to note is that 
no correlation of serum S100A9 levels with viral loads 
was found in subgroup of in HBeAg(+) immune-toler-
ant phase. One possible reason is that small amounts of 
S100A9 protein were released into serum by hepatocytes 
due to the no or mild hepatic cell injury during this phase 

characterized by minimal necroinflammation and normal 
ALT.

Active hepatic necroinflammation is the dominative 
risk factor for developing live cirrhosis and HCC in CHB 
patients [33]. The latest guidelines also recommended 
that early control of liver necroinflammation should be 
the priority for the detection of liver fibrosis [34]. Thus, 
accurate evaluation of the initial stage of liver inflamma-
tion and progression represents a high priority and grow-
ing medical need. Recently, the majority of published 
serum biomarkers have been proposed for detecting 

Fig. 5 Elevated S100A9 expression in liver tissues and cells infected with HBV. a IHC staining of S100A9 in representative biopsied liver samples 
from CHB patients as well as the liver samples from HCs. Blank scale bars = 100 µm. b real-time PCR analysis of S100A9 gene in liver normal L02 cells 
transfected with and without pcDNA3.1-HBV or its control pcDNA3.1 for 24 h. c Western blot analysis of S100A9 expression in L02 cells transfected 
with and without pcDNA3.1-HBV or its control pcDNA3.1 for 48 h. d Statistical densitometric ratios of c. e Immunofluorescence staining for S100A9 
in L02 cells transfected with and without pcDNA3.1-HBV or its control pcDNA3.1 for 48 h. White scale bars = 100 µm. f ELISA analysis for S100A9 
levels in L02 cells transfected with and without pcDNA3.1-HBV or its control pcDNA3.1 for 48 h. Data represents the mean ± SD, *p < 0.05; **p < 0.01
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significant liver fibrosis in CHB patients [35], only a few 
serum biomarkers were proposed to assist in the detec-
tion of liver necroinflammation in CHB patient [36, 37]. 
We then investigated whether serum S100A9 can be 
served as useful serum biomarker to evaluate the severity 
of hepatic necroinflammation in CHB patients. Positive 
correlation between S100A9 levels and the marker of liver 
necroinflammation in CHB patients found in the present 
study suggested an involvement of S100A9 in liver necro-
inflammation. The observation that the elevated S100A9 
levels in patients with CHB gradually increased with 
severity of liver necroinflammation or fibrosis also sup-
ported this finding. Serum ALT has long been considered 
as the markers of liver necroinflammation and the indi-
cators of antiviral therapy [4]. And ALT ≥ 2 ULN is used 
to indicate antiviral treatment according to the AASLD 
guideline for the CHB treatment [4]. However, ALT alone 
is inadequate to grade liver necroinflammation. Previ-
ous study in China showed that 49.2% of CHB patients 
with ALT < 2 ULN showed significant inflammation 
(G ≥ 2) and 36.4% showed significant fibrosis (S ≥ 2) [38]. 
Another biopsy report in US showed that 37% of CHB 
patients with normal ALT showed significant inflamma-
tion and significant fibrosis [39]. However, most patients 
refuse liver biopsy since it is an invasive and painful pro-
cedure, with rare but potential life-threatening complica-
tions. Therefore, there is a urgent need for several novel 
promising serum biomarkers to evaluate liver necroin-
flammation with higher diagnostic power. Although sev-
eral noninvasive methods such as FibroScan have been 
recently used to assess the liver fibrosis status, it is not 
applicable to the evaluation for liver necroinflammation 
[40]. Our data showed that serum S100A9 levels are cor-
related with liver necroinflammation. Notably, it was also 
superior to ALT in differentiating grades of liver necro-
inflammation of CHB patients with normal or mildly 
elevated ALT. It could be meaningful that we could guess 
that if a CHB patient with higher serum S100A9 levels, 
the patient has a change to have significant necroinflam-
mation even with normal or mildly elevated ALT. Even 
so, a larger number of patients with normal or mildly ele-
vated ALT should be still included for verification in the 
future, confirming the diagnostic values in clinics.

It was known that persistent HBV infection is a major 
risk factor for cirrhosis and HCC. Long-term changes 
in serum levels of HBV DNA and ALT are independent 
predictors of risk for HCC. A strong correlation between 
serum ALT and intrahepatic HBV DNA levels has been 
reported in previous study, and both also correlates with 
the fibrosis staging [41]. Severe lobular necroinflamma-
tory activity and more advanced fibrosis are also impor-
tant predisposing factors for the development of HCC 
in CHB [42]. Our present study showed that S100A9 is 

correlated with both serum HBV DNA and ALT levels 
and also be regulated by HBV. In particular, our previous 
studies demonstrated that S100A9 was increased in HCC 
tumor tissues and cell lines compared to non-malignant 
controls and extracellular S100A9 protein could stimu-
late growth and invasion HCC cells by interaction with 
RAGE and activation of RAGE-dependent ERK1/2 and 
p38 MAPK signaling cascades [43, 44]. Given the correla-
tion of S100A9 with HBV infection and previous finding 
of significance of S100A9 in HCC, S100A9 could be an 
important cancer promoter in HBV-related carcinogen-
esis and be a therapeutic target for patients with HBV-
related HCC. In the future, the correlation between 
serum S100A9 and the risk of HCC would be investigated 
in patients with HBV-related chronic hepatitis.

Our study has several limitations. First, we did not eval-
uate the specificity of serum S100A9 for HBV infection. 
It would be better to compare HBV infection with other 
disease entities such as chronic hepatitis C or nonalco-
holic steatohepatitis using the same set of analysis. Sec-
ond, our study was carried out in Chinese patients who 
were characterized by Genotype B and C, further studies 
are required in CHB patients from different geographical 
areas or with different genotypes to confirm these data.

Conclusions
In conclusion, the present studies demonstrate that HBV 
infection may enhance S100A9 expression in hepato-
cytes. Serum S100A9 levels from CHB patients are cor-
related with viral loads. Serum S100A9 may be a novel 
biomarker for liver necroinflammation, particularly in 
Chinese CHB patients with normal or mildly elevated 
ALT.
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