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Abstract: Proteins of S100 group, produced by phagocytes represent endogenous activators of innate immune 
responses. Role of these proteins in the etiopathogenesis of cholelithiasis remains unknown. The studies aimed 
at the morphometric evaluation of S100A8 and S100A9 protein expression in gallbladder mucosa in patients 
with acute and chronic calculous cholecystitis (n = 71). The presence of proteins was detected by immunohisto-
chemistry while quantitative analysis employed the spatial visualization technique. We found the immunopositive 
expression of the two studied S100 proteins in neutrophils and monocytes/macrophages of the gallbladder’s 
wall and a higher expression in acute cholecystitis. Quantitative study revealed higher immunoexpression of 
S100A9 over S100A8 in both studied groups of patients. Moreover, a reciprocal linear relationship between the 
expression of the studied proteins and a positive correlation between expression of either S100A8 or S100A9 
and inflammatory activity (grading) in the gallbladder wall were found. The expression of S100A8 protein in the 
chronic cholecystitis group and in older patients correlated with leukocytosis, which suggests the role of S100A8 
particularly at the chronic stage of cholecystitis. The obtained results indicated close relationship between 
S100A8 and S100A9 proteins in their proinflammatory functions. The increased expression of only one of them 
can be recognized as a useful index of local inflammatory activity in calculous cholecystitis. (Folia Histochemica 
et Cytobiologica 2013, Vol. 51, No. 2, 141–148)

Key words: calculous cholelithiasis, gallbladder wall, S100A8, S100A9, calgranulin, age, semiquantitative im-
munohistochemistry

Introduction

S100 proteins belong to the family of 25 molecules 
with mostly low molecular weight (9–14 kDa), high 
homology and a tissue-specific expression [1–3]. The 
group of S100 proteins contains a subgroup of prote-

ins (S100A8, S100A9 and S100A12) strictly linked to 
the control of immune system, the overexpression of 
which was observed in acute and chronic inflammatory 
diseases and tumours [4–6]. Similarly to most of the 
S100 family proteins, S100A8 and S100A9 proteins 
may manifest as homodimers but they preferentially 
form S100A8/A9 heterodimers or tetramers [1, 3, 5, 6]. 
S100A8 and S100A9 proteins, produced and secreted 
mainly by stimulated neutrophils, activated monocytes 
and macrophages, show strong chemotactic activity 
[4]. A positive correlation was documented between 
extracellular concentration of the proteins, number 
of neutrophils and loss of the cells viability [7]. On the 
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other hand, S100A8 and S100A9 proteins, present in 
activated endothelial cells, fibroblasts and keratinocy-
tes, play mainly intracellular roles. S100A8 protein is 
termed also as calgranulin A (or myeloid-related pro-
tein 8, MRP8), S100A9 protein has an alternate name 
of calgranulin B (or MRP14) and S100A12 protein 
of calgranulin C (or EN-RAGE, extracellular newly 
identified RAGE-binding protein) [7, 8]. S100A8/ 
/A9 heterodimer accounts for 40–50% of the soluble 
cytosol fraction of neutrophils [1, 9]. It participates in 
the innate resistance and transendothelial migration 
of leukocytes to sites of inflammation and is regarded 
as an indicator of chronic organ inflammation [4, 5, 8]. 

S100A8/S100A9 heterodimer and other proteins 
of the S100 family (S100B, S100A12, S100P) bind at 
the plasma membrane of target cell to multiple recep-
tors and/or coreceptors, including heparan sulphate 
and carboxylated glycans [10], CD36 and receptor of 
advanced glycation end products (RAGE) [2]. S100A8 
and S100A9 proteins represent probable ligands also 
of the Toll-like receptor 4 (TLR-4) [11].

In inflammatory infiltrates of neutrophils and/ 
/or activated monocytes/macrophages elevated levels 
of S100A8 and S100A9 were detected, also in the 
systemic circulation [6, 12]. The S100A8/A9 complex 
present in faeces („faecal” calprotectin) was suggested 
to represent a marker of intestinal inflammatory con-
ditions [5, 13]. The presence of S100A8/S100A9 prote-
ins was demonstrated by immunocytochemical (IHC) 
method in phagocytes of inflammatory infiltrates of 
small intestine [14]. In chronic intestinal diseases 
(active Crohn’s disease, ulcerative colitis, Irritable 
Bowel Syndrome) increased secretion was reported 
of mainly S10012 protein and a less accentuated one 
of S100A8/A9 proteins both in adults and children [5, 
15]. Presence of S100A8/A9 and S100A12 proteins 
was demonstrated in gastric mucosa of children with 
Helicobacter pylori infection [16]. On the other hand, 
augmented expression of S100B protein was demon-
strated in patients with untreated coeliac disease [17]. 
It was found that S100B participated in the induction 
of nitrogen oxide synthase and nitrite production [17]. 
Exposure to gliadin markedly intensified production 
of S100B protein [17]. Increased tissue expression of 
S100A9 and S100A8 was demonstrated also in 70% 
of colorectal carcinoma patients [18], while tissue 
expression of S100A4 in gallbladder carcinoma was 
found to represent a negative prognostic factor in this 
type of tumour [19]. 

Although S100A8 and S100A9 proteins play 
mainly a proinflammatory role, their other functions 
(including anti-inflammatory activity) may result from 
post-translational modifications of proteins, activity of 
proteases released from activated phagocytes, binding 

of zinc ions, and other not yet fully recognized factors 
[6]. The elucidation of various activities of S100A8 and 
S100A9 proteins, produced by various human cell po-
pulations, requires further studies, particularly in the 
context of their diagnostic or therapeutic applications. 

Role of the S100 proteins produced by phagocy-
tes in the pathogenesis of gallbladder cholelithiasis 
and cholecystitis has been poorly recognized and no 
respective data are available in the accessible publi-
cations. It also remains unknown whether, similarly to 
other diseases of the alimentary tract, these proteins 
may serve as markers of gallbladder inflammation 
which accompanies cholelithiasis. Therefore, this stu-
dy aimed at the evaluation of the cellular expression 
of the S100 protein group in the gallbladder mucosa 
of the patients with calculous cholecystitis and an 
attempt was made to correlate the expression with 
selected clinical data of the patients. 

Material and methods

Patients. All the patients were subjected to cholecystectomy 
in the T. Chalubinski Municipal Hospital in Ostrow Wielko-
polski. The group with acute calculous cholecystitis (ACC)  
(n = 16; 7 women and 9 men) and chronic calculous cholecy-
stitis (CCC) (n = 55; 44 women and 11 men) included patients 
who were diagnosed and subjected to surgery in years 2003- 
-2007. The CCC group was divided into two subgroups: patients 
up to 25 years of age (n = 35, subgroup A) and patients older 
than 50 years (n = 20, subgroup B). Exclusion criteria involved 
patients who had previously past experienced other abdominal 
operations than cholecystectomy, patients with systemic dise-
ases of connective tissue, patients with alcohol abuse, patients 
who chronically used anti-inflammatory drugs or other drugs 
which might modify the process of wound healing or inflam-
matory process itself. 
Duration of the cholelithiasis symptoms in the analysed groups 
of patients most frequently ranged between 6 months and one 
year. The available epidemiological data included age, gender 
and body mass index (BMI) upon admission to the hospital. 
The other available variables included results of laboratory/ 
/biochemical tests. The number of gallstones disclosed follo-
wing cholecystectomy was estimated using a semiquantitative 
scale: 1 — a single gallstone of any size; 2 — 2 to 20 gallstones;  
3 > 20 to 100 gallstones; 4 > 100 gallstones. In both groups of 
patients mostly mixed, cholesterol/pigment/calcium gallstones 
were detected. However, their detailed chemical composition 
was not tested. Written informed consent was obtained from 
each patient before operation, and approval for the study was 
granted by the institution’s Ethical Committee. 

Tissue material and microscopy image analysis. The 
archival material was fixed in a buffered 10% formalin 
and embedded in paraffin using the routine procedure. 
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The studies were conducted on serial, 5 μm-thick sections 
placed on the SuperFrost/Plus microscope slides. Slides 
were stained with hematoxylin and eosin (HE), and patterns 
of HE-stained gallbladder histological preparations were 
examined independently by two histopathologists (WB, 
AK). Thickness (width) of the total wall of gallbladder was 
measured in mm. Each tissue specimen was also evaluated 
based on a simple numerical scoring system for the grade 
of lamina propria inflammation (G1) (0–3), and the grade 
of muscularis externa/adventitia inflammation (G2) (0–3), 
in which 3 points denoted an intense and, most frequently, 
diffuse inflammatory infiltrate, 2 points referred to moder-
ately intense but also diffuse inflammatory infiltrate, 1 point 
indicated single, dispersed cells or focally arranged cells of 
inflammatory infiltrate, 0 points indicated tissue sections in 
which no cells of inflammatory infiltrate could be detected. 

Immunocytochemical studies. Detection of cellular localiza-
tion of S100A8 and S100A9 proteins in gallbladder mucosa 
were performed by the classic ABC (streptavidin-biotiny-
lated peroxidase complex) method according to Hsu et al. 
[20], the individual stages of which were described in detail 
in our earlier report [21]. Following deparaffination and 
rehydration slides were additionally boiled in 10 mM citrate 
buffer in microwave oven at 700 W for 18 min. to increase 
antigen retrieval, washed in PBS and, then, subjected to 
standard IHC procedure. Rabbit anti-human S100A8 and 
anti-human S100A9 polyclonal antibodies were employed 
(SigmaAldrich, Poznan, Poland), both in dilution 1:5000. 
The sections were incubated with these primary polyclonal 
antibodies overnight at 4°C, and afterwards secondary bioti-
nylated link anti-mouse and anti-rabbit IgG with the ABC kit 
(Dako REALTMEnvisionTM, Dako, Glostrup, Denmark) were 
consecutively applied. The colour reaction was evoked with 
the HRP substrate, 0.05% 3,3-diaminobenzidine tetrahydro-
chloride (DAB; DAKO) in 0.05 M Tris-HCl buffer, pH 7.6, 
supplemented with 0.001% H2O2. In negative controls spe-
cific antibodies were omitted and supplemented by a normal 
serum of a respective species in 0.05 M Tris-HCl, pH~7.6, 
supplemented with 0.1% bovine serum albumin (BSA) and 
15 mM sodium azide. Identical IHC technique was applied 
to the sections of archival reactive lymph nodes (n = 6) as a 
positive control. However, studies in this control group aimed 
only at verification of quality of the applied antibodies and 
were not subjected to statistical analysis. 

Histological slides were examined with Olympus BH-2 mi-
croscope coupled to a digital camera. Colour microscope images 
were recorded and archived using 40 × objective (at least 10 
fields in every slide with an immunopositive reaction in the gall-
bladder mucosa), using LUCIA Image 5.0 computer software. 

Microscopy image analysis and statistical analysis. The 
quantitative evaluation of the immunocytochemical expres-
sion of the proteins in gallbladder mucosa was performed 

using image processing method based on spatial visuali-
zation of markers in microscope images, elaborated and 
programmed in the A4D computer software C++ language 
by Kaczmarek and Strzelczyk [22] and described in details 
in our previous paper [23]. The A4D programme allowed to 
sequentially calculate: (1) mean surface area of the entire 
mucosa (epithelium + lamina propria) in the recorded im-
age (in pixels and μm2) for every patient and for the entire 
group of patients, (2) mean surface area of the IHC reaction 
(detecting presence of S100A8 and S100A9) per the entire 
gallbladder mucosa (in pixels and μm2) for every patient, 
(3) mean surface area of immunocytochemical reaction for 
a S100A8 and S100A9 per entire mucosa in every patient, 
calculated and expressed also as percentages (%) of the 
whole mucosal surface.

Results obtained in the two softwares for image analysis 
(LUCIA Image 5.0 and A4D) were exported to the Microso-
ft Excel programme, and further were statistically analysed 
with the Statistica PL v. 8 programme (Statsoft, Inc., Tulsa, 
OK, USA). In this study results related to expression of 
proteins were presented as area fraction (percentage)  
of the IHC reactions manifested by the mucosa (epithelium 
+ lamina propria). The Shapiro-Wilk normality test was 
performed to determine whether the obtained results were 
normally distributed. A significance of differences between 
acute calculous cholecystitis (ACC) and chronic calculous 
cholecystitis (CCC) groups and the younger (subgroup 
A) and older patients (subgroup B) from CCC group was 
evaluated using the t test. Subsequently, parameters of  
a descriptive statistics were calculated (arithmetical mean, 
standard deviation, median value, minimum and maximum 
values). Results of microscopic image analysis were compa-
red between the ACC and CCC independent group of the 
patients using the Mann-Whitney U test and the Wilcoxon 
test for non-parametric dependent data. Correlations be-
tween data rows were determined employing linear Pearson 
or Spearman’s rank correlation index. Differences and 
relationships were accepted to be statistically significant at 
the level of p < 0.05. 

Results

Cellular localization of S100A8 and S100A9 proteins

S100A8 and S100A9 proteins were detected by 
immunohistochemistry in gallbladder mucosa of all 
patients. Both proteins were mainly localized in the 
cytoplasm of the inflammatory infiltrates in lamina 
propria (mainly neutrophils and monocytes/macro-
phages) (Figure 1A). Positive reaction was detected 
also in the epithelial cells of the gallbladder (Figure 
1B) and in vascular endothelium (Figure 1C). Im-
munopositive cells were detected also in the lumen 
of blood vessels. In patients of both ACC and CCC 
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groups expression of both proteins was also noted 
in cells infiltrating gallbladder epithelium (Figure 
1D). In the CCC group S100A9 protein was locali-
zed also in a few foamy cells within lamina propria 
(Figure 1E). 

In the reactive lymph node (positive control) only 
single S100A8- and S100A9-positive cells could be 
observed (Figure 1F).

Semiquantitative analysis of S100A8 and S100A9 
proteins expression

In the mucosa of the ACC patients mean expres-
sions (percentage of the immunopositive reactions) 
of S100A8 and S100A9 proteins were significantly 
higher than in CCC patients (Figures 2 and 3). In 

the case of S100A8 higher expression of the protein 
was demonstrated in older as compared with younger 
patients of the CCC subgroup (Figure 2). 

Moreover, in respect to the two groups of patients 
with acute and chronic type of cholecystitis (ACC and 
CCC, respectively) the expression of S100A9 prote-
in proved to be higher than that of S100A8 protein 
(Figures 4 and 5). 

Correlation between reciprocal expression  
 of S100A8 and S100A9 proteins

In both groups of patients (ACC and CCC) an 
increase in the expression of S100A8 protein was 
linearly paralleled by a significant increase in the 
expression of S100A9 protein (Figures 6 and 7).

A B

C D

E F

Figure 1. S100A8 and S100A9 expression in the gallbladder mucosa of patients with cholelithiasis (A–E). Numerous 
S100A8-positive neutrophils and monocytes/macrophages in gallbladder lamina propria (A); S100A9 protein in gallblad-
der epithelial cells (B) and S100A8 protein in vascular endothelium (C); S100A9-positive cells infiltrating gallbladder 
epithelium (D) and localized in foamy cells within lamina propria (E). Only single S100A8-positive cells in the reactive 
lymph node (positive control) were noted (F). ABC technique. Hematoxylin counterstained; Bar = 40 μm
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Figure 2. Comparison between semiquantitative immuno-
histochemical S100A8 protein expression in gallbladder 
mucosa in patients with acute (ACC) and chronic (CCC) 
cholecystitis and between younger (A) and older (B) pa-
tients with chronic cholecystitis; **p < 0.01; ***p < 0.001

Figure 3. Comparison between semiquantitative immuno-
histochemical S100A9 protein expression in gallbladder 
mucosa in patients with acute (ACC) and chronic (CCC) 
cholecystitis and between younger (A) and older (B) pa-
tients with chronic cholecystitis; ***p < 0.001

Figure 4. Immunohistochemical expression of family S100 
proteins in gallbladder mucosa in ACC group; **p < 0.01

Figure 5. Immunohistochemical expression of family S100 pro-
teins in the gallbladder mucosa in CCC group; ***p < 0.001

Figure 6. Positive Pearson’s correlation between S100A8 
and S100A9 proteins immunohistochemical expression in 
the acute calculous cholecystitis (ACC) group (p < 0.05); 
r — correlation coefficient

Figure 7. Positive Pearson’s correlation between S100A8 
and S100A9 proteins immunohistochemical expression in 
chronic calculous cholecystitis (CCC) group (p < 0.05); 
r — correlation coefficient
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Relationships between S100A8/S100A9 tissue 
expression and selected clinical data

In ACC and CCC groups expression of both S100 
proteins positively correlated with inflammatory ac-
tivity in deeper layers of gallbladder wall (parameter 
G2) and the expression of S100A8 also manifested 
such a correlation with grading in the entire wall of 
gallbladder (parameters G1+G2) in patients with 
CCC. The higher correlation coefficient (r > 0.500), 
characterizing the relationship between expression of 
the protein and G2, was noted in the case of S100A8 
than in the case of S100A9. Also more significant 
correlation between expression of both S100 proteins 
and inflammation activity were detected in the ACC 
group than in the CCC group (Table 1). Moreover, 
in the CCC group weak positive correlations were 
disclosed between tissue expression of S100A8 and 
BMI of patients and white blood cells (WBC) number. 
We found also a weak negative correlation between 
the expression of both S100 proteins and the number 
of bile stones (Table 1). 

Discussion 

Our study was conducted with the use of two different 
polyclonal antibodies specific for human S100A8 and 
S100A9 proteins. The presence of these proteins was 
observed during both acute and the chronic stage of 
the gallbladder inflammation in all investigated pa-
tients. The IHC reaction presented a distinctly visible 
product present in the cytoplasm of inflammatory cells 
(mainly neutrophils, monocytes and macrophages) 
with the typical phenotype described also by other 
authors in various organs [5, 6, 24–26]. In the studied 
gallbladder regions, the inflammatory infiltrates of the 
immunopositive cells were present in lamina propria, 
as well as frequently between cells of gallbladder 
epithelium. Both in the case of S100A8, and S100A9, 
immunopositive cells have manifested themselves 

in high numbers also in the lumen of blood vessels. 
Quantitative analysis of the expression of the two 
S100 proteins in gallbladder mucosa was performed 
using own, novel method of spatial visualization [22]. 
Such approach allowed to detect a significantly higher 
expression of both S100A8, and S100A9 protein in 
the gallbladder mucosa of the ACC patients as com-
pared with chronic cholecystitis group, a significant 
prevalence of S100A9 protein expression over that of 
S100A8 protein and a more pronounced expression 
of the S100A9 protein in older patients as compared 
with the younger ones. 

The obtained results of the expression of two S100 
proteins seem to be original ones since no data on 
the subject were found, related to human gallblad-
der. However, the S100A8/A9 complex represents 
an important mediator of inflammatory reactions 
in several other diseases of the alimentary tract [4, 
5, 8]. Overexpression of the protein complex was 
documented in particular in chronic inflammatory 
diseases of intestines and in human glandular tumours 
[2, 5]. Measurements of the serum concentration of 
these proteins may be helpful in monitoring activity 
of the disease or a response to treatment [4]. In the 
diseases of the alimentary tract the S100A8/A9 com-
plex („faecal” calprotectin) has been recognized as  
a marker of acute inflammatory states and assumed to 
reflect activation of phagocytes [13]. Calgranulins are 
thought to be released from the cytoplasm of dead 
neutrophils and to penetrate liquid contents of an 
abscess [27] or the wall of the gastrointestinal tract 
so that they may be detected in stools [13]. 

Expression of the S100A8 and S100A9 proteins 
in phagocytes of intestinal inflammatory infiltrates 
was also observed by other investigators by the use 
of immunocytochemical techniques [14]. The inflam-
matory-altered parts of the intestinal wall in various 
diseases of human alimentary tract also demonstrated 
a much higher contents of S100A8 and S100A9 (and 
S100A12) proteins than the control mucosa [5, 15, 

Table 1. Spearman’s rank indices for correlation between S100 family proteins immunohistochemical expression and 
selected clinical data in patients with cholelithiasis

Group Age
(years)

Thickness of gallblad-
der’s wall [mm] G1* G2* G1+G2*

BMI
[kg/m2]

Number of 
stones*

WBC
[x109/L]

S100A8 — 
protein type

ACC 0.348 –0.484 0.301 0.512 0.450 0.159 0.495 –0.147

CCC 0.252 0.192 0.269 0.360 0.384 0.322 –0.418 0.300

S100A9 — 
protein type

ACC 0.431 –0.362 0.287 0.570 0.453 –0.282 0.485 –0.171

CCC –0.014 0.157 0.088 0.322 0.239 0.127 –0.339 0.235

ACC — acute calculous cholecystitis; CCC — chronic calculous cholecystitis. G1 — grade of lamina propria inflammation (0–3); G2 — grade of 
muscularis externa/adventitia inflammation (0–3); G1+G2 — total grading in gallbladder wall; BMI — body mass index.  
Bold numbers correspond to r coefficients for which p < 0.05; *parameters were appraised semiquantitatively as described in Material and me-
thods
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16]. Measurements of the S100A8/A9 complex levels 
in stools were proposed to provide a marker useful 
in differential diagnosis of alimentary tract diseases, 
also in children [28]. 

Our studies indicate that both S100A8 and S100A9 
proteins are present in the gallbladder mucosa in 
higher amounts in acute cholecystitis than in chronic 
disease. Their principal cellular source are neutrophils 
but the proteins may also be produced by activated 
monocytes and macrophages and several other cell 
types, as it was demonstrated in the inflammation of 
various organs [5, 6, 24–26]. Probably, they take an 
active part in starting an acute inflammation under 
effect of cellular stress [5, 8]. In acute inflammation 
(also in our patients) the increased number of mo-
nonuclear cells within inflammatory infiltrates was 
found, which made basis for the higher synthesis of 
calgranulins by the higher number of cells with phago-
cytic properties. Apart from neutrophils, the inflam-
matory infiltrates contained also numerous activated 
monocytes and macrophages. It was suggested that the 
S100 family proteins could be produced and secreted 
by the activated cells of the inflammatory infiltrates 
[5]. The high correlation indices between reciprocal 
expression of the two proteins both in acute and in 
chronic cholecystitis reported in our study support 
this notion. We found particularly high positive cor-
relations between expression of the two S100 proteins 
and inflammatory activity in the gallbladder wall 
(parameter G2) in acute cholecystitis patients. The 
result indicates that particularly in acute calculous 
cholecystitis tissue expression of calgranulins may 
serve as a marker of inflammatory activity. 

Some authors proposed that S100A8/S100A9 com-
plex plays an important role at the chronic phase of 
inflammation since its overexpression was demonstra-
ted in many chronic human diseases [2, 4, 5, 8, 26]. The 
suggested mechanisms of the extracellular activities of 
S100A8/A9 complex involve stimulation of neutrophil 
and monocyte migration and increased expression of 
integrins. The involvement of the S100A9 was shown 
to increase macrophages’ migration and activation of 
their functions, induction of inflammation-associated 
pain and induction of arteriosclerotic lesions in blood 
vessels [6]. A direct antibacterial and antimycotic ac-
tivity of calgranulins was demonstrated in cell culture 
[7]. Such activity is supposed to reflect inhibition of 
bacterial metalloproteinases, promotion of neutrophil 
migration to sites of inflammation and augmentation 
of granulocytes’ phagocytic ability [28].

It should be recalled that the role of S100 proteins in 
the pathogenesis of cholelithiasis has not been discussed 
till now, thus our study provides first original data on 
this subject. However, it was reported that a positive 

tissue reaction for S100A4 protein was associated with 
a worsened prognosis of the gallbladder cancer [19]. 

Studies on the role of S100 family proteins should 
be continued with demonstration of colocalization 
of the proteins with other markers of inflammatory 
infiltrate cells at various stages of inflammation and/or 
estimation of serum concentration of the proteins in 
calculous cholecystitis. Further investigations should 
also deal with the role of the expression of the S100 
protein group in gallbladder carcinogenesis.

Summing up, our results indicated close relationship 
between S100A8 and S100A9 proteins in their proin-
flammatory functions. Positive correlation between the 
expression of S100A8 protein in the chronic cholecystitis 
group and in the group of older patients and total gra-
ding (G1+G2) and number of white blood cells count 
(WBC), would suggest role of S100A8 particularly at 
the chronic stage of cholecystitis. The results suggest 
that the increased local expression of each one of the 
studied S100 proteins may provide an useful index of 
local inflammatory activity in calculous cholecystitis.
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