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Abstract. The S100 protein family is widely involved in the 
pathological process of various types of cancer. However, the 
prognostic value of the S100 protein family member S100A12 
in hepatocellular carcinoma (HCC) remains unknown. A total 
of 139 patients undergoing curative surgical resection for 
HCC from December 2005 to June 2006 were investigated. 
Immunohistochemistry of S100A12 tissue was performed 
and expression was classified according to the total posi-
tive staining area. Co‑expression of S100A12 with cluster 
of differentiation (CD)11B, CD15 and CD68 was evaluated 
using immunofluorescence. Associations between S100A12 
expression and preoperative clinicopathological parameters 
were assessed using a χ2 test or independent sample Student's 
t‑test. Kaplan‑Meier estimator survival analysis and multi-
variate Cox's proportional hazard regression model were 
used to evaluate the prognostic value of S100A12 expres-
sion. The expression of S100A12 was restricted exclusively 
to stroma cells, primarily to myeloid‑derived immune cells, 
CD15‑positive neutrophils and CD68‑positive macrophages 
in particular. A total positive staining area of 1,600 µm2 was 
selected as the threshold between high and low S100A12 
expression. There was a statistically significant association 
between intratumoral S100A12 expression and tumor differen-
tiation (P=0.010). High expression of S100A12 on intratumoral 
stroma cells was an independent prognostic factor for the 
overall (P=0.002) and disease‑free survival (P=0.007) rates 
of HCC following curative surgical resection. No significant 
association was identified between peritumoral S100A12 

expression and HCC prognosis. The results of the present study 
demonstrated that high expression of S100A12 on intratumoral 
stroma cells is associated with poor HCC prognosis following 
curative resection, which may serve as a potential target for an 
adjuvant therapy.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
type of cancer and is the third leading cause of cancer‑asso-
ciated mortality worldwide (1). According to the guidelines 
of the American Association for the Study of Liver Diseases, 
surgical resection, liver transplantation and radiofrequency 
ablation (RFA) are three curative treatment options for 
HCC (2). However, as the majority of patients are asymptomatic 
at early stages, only a small portion of patients are amenable 
to curative treatments. Despite the advances in technology and 
surgical treatment in recent years, the prognosis of patients 
with HCC following curative surgical resection remains poor, 
with a relatively high post‑operative recurrence rate  (3‑5). 
The molecular mechanisms underlying the recurrence of 
HCC are not well‑understood. However, previous studies have 
demonstrated that inflammation serves an important role in 
the development, progression and metastasis of HCC, with a 
variety of inflammatory cells and mediators identified within 
the HCC microenvironment  (6‑8). Myeloid‑derived innate 
immune cells, particularly macrophages and neutrophils, 
serve important roles in the maintenance of the tumor micro-
environment (9).

The S100 protein family belongs to a group of inflammatory 
molecules which are primarily composed of calcium‑binding 
proteins and have been identified to be involved in a range 
of pathological processes including infections, cardiovas-
cular diseases and malignancies. There are ~25 members 
of the S100 protein family have been identified to date, the 
majority of which are located on chromosome 1q21 which is 
frequently associated with genomic rearrangement, forming 
the genetic background of tumor progression (10). An associa-
tion between S100 proteins and various types of cancer has 
been revealed in multiple studies (10,11). Of the ~25 members, 
S100A8, S100A9 and S100A12 belong to the calgranulin 
S100 protein subfamily. Calgranulins are widely expressed 
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on myeloid‑derived immune cells, particularly on neutrophils 
and monocytes/macrophages (12,13). It has been reported that 
S100A8 and S100A9, which usually form heterodimers with 
each other, are involved in the development of liver malignan-
cies (14‑16). In contrast with S100A8 and S100A9, S100A12 
functions as a homodimer. Funk et al (17) demonstrated the 
association between high expression levels of S100A12 on 
tumor cells with favorable prognosis for oropharyngeal squa-
mous cell carcinoma. However, whether S100A12 is associated 
with the prognosis of HCC remains unknown. The present 
study investigated the prognostic value of S100A12 in HCC 
following curative surgical resections.

Materials and methods

Study populations. A total of 139 patients diagnosed with 
HCC who underwent curative surgical resection in Zhongshan 
Hospital (Fudan University, Shanghai, China) between 
December 2005 and June 2006 were enrolled in the present 
study. Patient inclusion required the fulfilment of the following 
criteria: i) Received curative surgical resection without gross 
residual tumor; ii) preoperative liver functions classified as 
Child‑Pugh A (18); and iii) histopathological examination 
confirmed HCC diagnosis. Patients were routinely followed up 
every 2 months during the first postoperative year and every 
3‑4 months thereafter (19). The median follow‑up time was 
34.33 months in the present study. Tumor specimens were 
prepared for the construction of tissue microarrays according 
to a previously published protocol (20). Patient characteristics 
are presented in Table I. The present study was approved by the 
Zhongshan Hospital Research Ethics Committee and written 
informed consent was obtained from all patients.

Immunohistochemistry. Tumor tissues were fixed in 10% 
neutral buffered formalin at room temperature for 12‑24 h. 
Paraffin embedded tumor tissues were sliced into sections 
with a thickness of 5 µm. Paraffin‑embedded tumor sections 
were incubated in 10% H2O2 for 15 min to minimize the 
non‑specific staining due to endogenous peroxidase prior to 
being incubated in 10 mM citrate buffer (pH 6.0) for 30 min 
in a steam‑cooker for antigen retrieval. Non‑specific back-
ground staining was blocked with 10% goat serum (Shanghai 
Haoran Biological Technology Co., Ltd., Shanghai, China) 
for 30 min and subsequently primary mouse anti‑S100A12 
(1:200; cat. no.  LS‑C335557; LifeSpan BioSciences, Inc., 
Seattle, WA, USA), mouse anti‑cluster of differentiation 
(CD)15 (1:100; cat. no. ab754; Abcam, Cambridge, UK) and 
mouse anti‑CD68 (1:100; cat. no. ab49777; Abcam) antibodies 
were applied for incubation overnight at 4˚C, according 
to the manufacturer's protocol. Subsequently, sections 
were incubated with ready‑to‑use horseradish peroxidase 
(HRP)‑conjugated anti‑mouse IgG (HRP Polymer Quanto; 
cat. no. TL‑015‑QHD; Lab Vision Corporation, Fremont, CA, 
USA) at room temperature for 30 min followed by incubation 
with mixture of DAB Quanto Substrate (cat. no. TL‑015‑QHD; 
Lab Vision Corporation) and DAB Quanto Chromogen (cat. 
no.  TL‑015‑QHD; Lab Vision Corporation) at a ratio of 
1,000:30 at room temperature for 1‑5 min.

For immunof luorescence staining, frozen tumor 
sections were blocked with 10% donkey serum (Jackson 

ImmunoResearch Laboratories, Inc., West Grove, PA, 
USA) for at room temperature for 30  min before incuba-
tion with primary rabbit anti‑S100A12 antibody (1:100; cat. 
no. LS‑C335557, LifeSpan BioSciences, Inc.) together with 
mouse anti‑CD11B (1:100, cat. no. ab34216, Abcam), mouse 
anti‑CD15 (1:100, cat. no. ab754, Abcam) or mouse anti‑CD68 
(1:100, cat. no.  ab53444, Abcam) antibody overnight at 
4˚C. Sections were washed three times in PBS followed by 
incubation with Alexa Fluor 546‑conjugated anti‑rabbit IgG 
(1:250; cat. no. A10040; Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) and Alexa Fluor 488‑conjugated 
anti‑mouse IgG (1:250; cat. no. A21202; Invitrogen; Thermo 
Fisher Scientific, Inc.) secondary antibodies for 2 h at 37˚C. 
Sections were then stained with 10 µg/ml DAPI for 10 min. 

Table  I. Basic clinicopathological parameters of included 
patients.

	 Intratumoral S100A12 
	 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 Low	 High	 P‑value

Age, years	 52.31±11.74	 51.12±8.89	 0.573
Sex			   0.759
  Male	 98	 21
  Female	 16	 4
HBsAg			   0.526
  Negative	 17	 2
  Positive	 97	 23
Concurrent cirrhosis			   0.832
  No	 89	 20
  Yes	 25	 5
AFP, ng/ml			   0.726
  ≤20	 36	 7
  >20	 78	 18
Tumor size, cm	 5.60±3.64	 5.68±4.21	 0.924
Tumor number			   0.765
  Solitary	 95	 22
  Multiple	 19	 3
Tumor encapsulation			   0.060
  No	 55	 7
  Yes	 59	 18
Vascular tumor thrombus			   0.383
  No	 66	 12
  Yes	 48	 13
Tumor differentiation			   0.010a

  I‑II	 88	 13
  III‑IV	 26	 12
TNM stage			   0.549
  I‑II	 97	 20
  III‑IV	 17	 5

aP<0.05 by χ2 test. HBsAg, hepatitis B surface antigen; AFP, 
α‑fetoprotein; TNM, tumor‑node‑metastasis.
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Sections were washed in PBS and mounted with anti‑fade 
reagent (SouthernBiotech, Birmingham, AL, USA) and 
observed using a confocal fluorescence microscope (1,260X 
objective magnification; Olympus Corporation, Tokyo, Japan).

Tissue microarray analysis. The assessment of S100A12 
expression was performed by a computerized image 
system comprising a Leica charge‑coupled device camera 
DFC420 connected to a Leica DM IRE2 microscope (Leica 
Microsystems, Ltd., Milton Keynes, UK). Images of three 
random ʻhotspotsʼ where S100A12 was most populous at 
magnification x20, were captured using Leica QWin Plus 
software (v.3; Leica Microsystems, Ltd.), and the integrated 
optical total positive staining area (TPSA) of these images 
was determined using Image‑Pro Plus software version 6 
(Media Cybernetics, Inc. Rockville, MD, USA). The camera 
parameter was constant throughout the whole process. An 
optimal TPSA was selected as a threshold to define the 
expression of S100A12 as low or high on the basis of the 
log‑rank test as described previously (21). Three experienced 
researchers, who are experienced in the pathological exami-
nation of HCC, reviewed the results independently. Any 
discrepancies were resolved by discussion in order to reach 
a consensus.

Statistical analysis. Quantitative variables of normal distri-
bution are presented as the mean ± standard deviation and 
compared using the independent sample Student's t‑test or 
one‑way analysis of variance test (Tukey post‑hoc test) where 
applicable. Quantitative variables of abnormal distribution are 
presented as the median and compared with non‑parametric 
tests (Mann Whitney‑U test). Qualitative variables are presented 
as relative frequencies and compared using Pearson χ2 test or 
Fisher's exact test. The Kaplan‑Meir estimator survival analysis 
using a log‑rank test was performed to compare the overall 
survival (OS) and disease‑free survival (DFS) rates following 
curative surgical resection of HCC between different groups. 
A multivariate Cox's proportional hazard model was used to 
assess the association between S100A12 and patient survival 
rate, together with other confounding factors including tumor 
size, tumor number, presence of vascular tumor embolus, 
tumor‑node‑metastasis (TNM) stage, tumor differentiation 
and pre‑operative serum γ‑glutamyltranspeptidase (GGT). 
All statistical analysis was performed using the commercially 
available software SPSS (version 18.0; IBM Corp., Armonk, 
NY, USA). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Patient characteristics and S100A12 expression. A total of 
139 patients were included in the present study. Measured by 
the TPSA, intratumoral S100A12 expression was low in 114 
patients (TPSA, <1,600 µm2) and high in 25 patients (TPSA, 
>1,600 µm2). Basic clinicopathological parameters, including 
age, sex, hepatitis B surface antigen, concurrent cirrhosis, 
α‑fetoprotein, tumor size, tumor number, presence of vascular 
tumor thrombus, TNM stage and tumor Edmonson‑Steiner 
differentiation score (I‑IV, with an, increased score indicating 
a worse differentiation) (22), were collected (Table I).

S100A12 was exclusively expressed in the cytoplasm 
of stroma cells with relatively smaller size compared with 
the tumor cells (Fig.  1). The expression of S100A12 was 
significantly decreased (P<0.001) on intratumoral stroma 
cells (median TPSA, 270 µm2) compared with peritumoral 
stroma cells (median TPSA, 836 µm2). Immunofluorescence 
staining revealed that S100A12 was primarily expressed on 
CD11B‑positive myeloid‑derived immune cells particularly 
CD15‑positive neutrophils and CD68‑positive macrophages, 
which serve important roles in the HCC tumor microenviron-
ment (Fig. 2). There was no association between the TPSA 
of S100A12 and that of CD15 (P=0.603), CD68 (P=0.562) or 
the sum of the two (P=0.526) in 30 of 139 patients. A statisti-
cally significant association between S100A12 expression 
and tumor differentiation was observed upon evaluation with 
the Edmonson‑Steiner score (P=0.010). Pre‑operative serum 
alanine aminotransferase (P=0.539), aspartate aminotrans-
ferase (P=0.595), albumin (P=0.194), bilirubin (P=0.601), 
prothrombin time (P=0.124) and GGT (P=0.401), which all 
reflect the severity of liver damage or the activity of inflam-
mation, were not statistically different between high and 
low S100A12 expression. There was no association between 
S100A12 expression and other clinicopathological parameters. 
There were 67 patients at TNM stage I and 50 at stage II in 
total. The expression of S100A12 between TNM I and II was 
not significantly different with a P‑value of 0.620.

Prognostic value of S100A12 expression within tumor tissues. 
Measured by the TPSA, high expression of S100A12 on 

Figure 1. Immunohistochemistry staining (magnification, x200) demon-
strated the expression of S100A12 in hepatocellular carcinoma tissues. 
The S100A12‑expressing cells exhibited a relatively smaller size and were 
scattered within tumor tissues. Intratumoral S100A12 was classified as 
(A) relatively high or (B) low according to the total positive staining area.
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intratumoral stroma cells was associated with a poorer OS 
rate (χ2=7.519, P=0.006). The 1‑, 2‑ and 3‑year OS rates were 
88.6, 75.3 and 65.8% for patients with low S100A12 expres-
sion, compared with 80.0, 48.0 and 40.0% for patients with 
high S100A12 expression. The DFS rate of patients with low 
expression of S100A12 was significantly increased, with 1‑, 2‑ 
and 3‑year DFS rates of 78.6, 64.5 and 54.9%, compared with 
62.0, 34.3 and 17.2% for patients with high S100A12 expres-
sion (χ2=6.471; P=0.011; Fig. 3). There were no statistically 
significant associations between peritumoral S100A12 expres-
sion and the OS (P=0.709) or DFS (P=0.759) rate following 
surgical resection of HCC.

With the exception of S100A12, univariate analysis 
revealed that tumor size (P<0.001), tumor number (P=0.015), 
presence of vascular tumor thrombus (P=0.004), tumor 
differentiation score (P=0.006), TNM stage (P<0.001) and 
pre‑operative serum GGT (P<0.001) were associated with the 
OS rate of patients with HCC. Tumor size (P<0.001), presence 
of vascular tumor thrombus (P=0.035), TNM stage (P=0.003) 
and pre‑operative serum GGT (P=0.017) were also associ-
ated with the DFS of patients with HCC. Multivariate Cox's 
proportional hazard model analysis demonstrated that high 
expression of S100A12 was an independent prognostic factors 
for the OS (P=0.001) and DFS (P=0.007) rates of patients with 
HCC, as presented in Table II.

Discussion

There are a limited number of studies on S00A12 and 
its association with cancer incidence. One reason for the 
limited knowledge about S100A12 may be that S100A12 is 

constitutionally expressed in humans without an ortholog 
in rodents. With experimental studies in the field of cancer 
research now primarily based on model organisms, particu-
larly rodents, this may be a limiting factor.

Consistent with the literature, the results of the present 
study demonstrated that S100A12 was primarily expressed 
on myeloid‑derived immune cells, including neutrophils and 
monocytes/macrophages  (12,13). The immunohistochem-
istry results of the present study revealed that S100A12 was 
not expressed on tumor cells or vascular endothelial cells. 
Immunofluorescence staining demonstrated that S100A12 was 
predominantly expressed on CD11B‑positive myeloid‑derived 
immune cells, particularly on CD15‑positive neutrophils and 
CD68‑positive macrophages. The results of the present study 
revealed that intratumoral S100A12 served as an independent 
prognostic factor for HCC following curative surgical resec-
tion. High expression of S100A12 on intratumoral stroma cells 
indicated poor OS and DFS rates following curative surgical 
resection.

Tumor‑associated macrophages and neutrophils have been 
intensively studied (9) and an association with HCC has been 
demonstrated. However, a previous study revealed that intratu-
moral macrophage infiltration was not associated with the OS 
or DFS rates of HCC following curative surgical resection (20). 
Kuang et al (23) also demonstrated that intratumoral neutro-
phils were not associated with the prognosis of HCC. There 
was no association between S100A12 with CD15 (P=0.603), 
CD68 (P=0.562) or the two together (P=0.526). It may be that 
certain types of macrophages or neutrophils that infiltrate 
tumor tissues that serve a critical role in the progression of 
HCC. Erbel et al (24) identified a new type of atherosclerotic 

Figure 2. Immunofluorescence staining revealed co‑expression of S100A12 with CD11B, CD15 and CD68 in hepatocellular carcinoma tissues. The cell nucleus 
was stained blue, S100A12 was stained red, and CD11B, CD15 and CD68 were stained green. Scale bar, 50 µm. CD, cluster of differentiation.
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plaque‑associated MMP7‑positive, S100A8‑positive and 
CD68‑positive macrophage termed M4 macrophage, which is 
distinct from the typical M1 and M2 macrophage type. As an 
analog of S100A12, S100A8 expression was interleukin 10‑ and 
prostaglandin E2‑dependent, which suggested anti‑inflam-
matory properties of S100A12‑positive macrophages (25). In 
addition, neutrophils may be involved in the progression of 
HCC through an S100A12 signaling pathway, an area where 
further investigation is required. Neutrophils expressing 
S100A12 may be associated with tumor progression and may 
account for the post‑operative recurrence of HCC. As members 
of the calgranulins, S100A8 and S100A9 may possess similar 
functions to those of S100A12. A previous study revealed that 
S100A8 and S100A9 expression was induced by nuclear factor 
κB, promoting HCC progression by activating the reactive 
oxygen species signaling pathway (16). Additionally, S100A9 
alone increased the viability and invasiveness of human 
HCC cells by activating the mitogen‑activated protein kinase 
signaling pathway (15).

In the present study, tumor size and pre‑operative serum 
GGT were also identified to be independent prognostic factors 
of post‑operative OS rates, and tumor size was identified to be 
an independent prognostic factor of post‑operative DFS rates. 
These results were consistent with those of previous studies; 
tumor size was an accepted prognostic factor of HCC following 
surgical resection (26) and GGT was reported to be associated 
with poor prognosis following surgical resection, RFA and 
transcatheter arterial chemoembolization (27‑29). Fu et al (27) 
revealed that high pre‑operative serum GGT was associated 
with poor OS and DFS rates following surgical resection of 
HCC, which supports the results of the present study. However, 
the underlying molecular mechanism remains elusive (27).

Figure 3. Kaplan‑Meier estimator survival curves for hepatocellular carci-
noma following curative resection according to intratumoral S100A12 
expression. (A) Overall and (B) disease‑free survival rates were compared 
using a two‑sided log‑rank test.

Table  II. Multivariate analysis of factors associated with overall and disease‑free survival rates of hepatocellular carcinoma 
following curative surgical resection.

	 Overall survival	 Disease‑free survival
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Tumor size, cm
  >5 vs. ≤5	 2.81 (1.32‑5.98)	 0.007a	 1.96 (1.03‑3.74)	 0.040a

Tumor number
  Solitary vs. multiple	 1.15 (0.42‑3.13)	 0.791	 NA	 NA
Vascular tumor thrombus
  Yes vs. no	 0.84 (0.42‑1.68)	 0.626	 1.12 (0.62‑2.05)	 0.704
Tumor differentiation
  III‑IV vs. I‑II	 2.00 (0.97‑4.11)	 0.059	 NA	 NA
TNM stage
  III‑IV vs. I‑II	 2.36 (0.79‑7.12)	 0.126	 1.67 (0.78‑3.56)	 0.188
GGT, U/l
>91 vs. ≤91	 2.60 (1.40‑4.82)	 0.002a	 1.70 (0.95‑3.05)	 0.075
S100A12 expression
  Low vs. high	 3.17 (1.53‑6.57)	 0.002a	 2.53 (1.29‑4.96)	 0.007a

aP<0.05. HR, hazard ratio; CI, confidence interval; NA, not adopted; TNM, tumor‑node‑metastasis; GGT, γ‑glutamyltranspeptidase.
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The results of the present study revealed an association 
between S100A12 and poor tumor differentiation, which was 
in accordance with previous studies (10). Similar results were 
reported for S100A9 and its association with tumor differen-
tiation in HCC (30). It is known that crosstalk between tumor 
cells and surrounding immune cells contributes to the progres-
sion, invasion and metastasis of tumor cells  (9). S100A12 
expression in tumor‑infiltratory myeloid‑derived immune 
cells may be induced by tumor cells, attracting various 
inflammatory cells to migrate to the tumor site and exert 
pro‑ and anti‑inflammation activities by secreting cytokines 
of diverse functions. Transforming growth factor β1 (TGF‑β1) 
and other inflammatory mediators have been revealed to be 
involved in the process of epithelial‑mesenchymal transi-
tion (EMT), which is associated with the dedifferentiation 
of cancer cells (31‑33). Another member of the S100 protein 
family, S100A4, was reported to upregulate SNAI1, which was 
downstream of TGF‑β1, serving a role in the EMT of HCC 
cells (34). As with S100A4, a similar process may explain the 
association between S100A12 and poor tumor differentiation 
during the course of HCC progression.

There were a number of limitations to the present study. 
First, S100A12 is unique to humans and is expressed on 
multiple myeloid‑derived immune cells including neutro-
phils and monocytes/macrophages, which impeded further 
knowledge of the underlying molecular mechanisms by 
which S100A12 influences HCC progression and recurrence. 
Secondly, as the expression of S100A12 within HCC tissues 
was low in general, there was only a small portion of patients 
with high intratumoral S100A12 expression. The sample size 
of the high‑S100A12 group was relatively small which could 
limit the reliability of results. Further studies including incor-
porating more eligible patients are required.

The present study revealed that S100A12 may provide a 
potential target for the immune therapy of HCC. S100A12 
may be a potential target for antitumor treatment. Also, the 
decrease in S100A12 expression may be a marker of clinical 
effectiveness of immune therapy for HCC.
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