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Abstract The aim of this study was to identify new protein
markers of the intestinal and diffuse type gastric adenocarci-
noma and to determine their relation to local relapses and
distant metastasis. Using two-dimensional gel electrophoresis,
we searched for proteins that are overexpressed in the intesti-
nal and/or diffuse type gastric adenocarcinoma, as compared
to matched normal mucosa samples with further change con-
firmation by Western blot. Expression of the selected proteins
was further assessed by immunohistocemistry in a large panel
of gastric adenocarcinoma with various clinicopathological
features. Expression level of cyclophilin A measured with
western blot appeared to be increased on average ten times

in 63 % of gastric adenocarcinoma vs. paired samples of
normal mucosa. The frequency of immunihistochemistry de-
tected cyclophilin A protein expression was found to be equal
in tumor of both histotypes, but staining intensity was higher
in intestinal versus diffuse types of gastric adenocarcinoma.
cyclophilin A protein expression appeared to be lower in
deeply invading glandular and cribriform structures of intes-
tinal tumors, as well as in discretely placed groups of the
intestinal tumor cells. Local relapses as well as distant metas-
tases registered within 3 year follow up were observed to
occur much less frequently in patients with positive
cyclophilin A immunostaining in gastric tumors. Analysis of
cyclophilin A expression has a potential value for prognosis of
gastric adenocarcinoma recurrence and distant metastasis.

Keywords Stomach cancer . Two-dimensional gel
electrophoresis . Proteomics . Mass spectrometry . Cancer
markers

Introduction

Despite a decreasing incidence of gastric cancer in Europe and
North America, it remains the second most common cause of
cancer-related deaths worldwide affecting more than 800 000
individuals annually [1]. As opposed to countries with state
supported screening programs for gastric cancer [2], the per-
centage of deaths during the first year after gastric cancer
diagnosis in Russian Federation amounts to 55 %. Gastric
cancer is generally diagnosed at advanced stages, when cura-
tive treatment is impossible, whereas less than 20 % of gastric
tumors are diagnosed at stages I or II, when treatment can
result in the increase the 5-year survival rate up to 80 % [3].
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This calls for studies aimed at the development of efficient and
cheap immunoassays for serological diagnosis and prognosis
of gastric cancer, as well as design of more efficient cancer
therapies. However, despite the obvious importance of protein
marker identification for gastric cancer, only about 150 reports
devoted to its comparative proteomics are listed in PubMed
database.

In our previous study we identified genes that are differen-
tially expressed in gastric tumors using analysis of miRNA
databases [4]. The current study was directed to the search of
new potential gastric cancer markers using comparative pro-
teomics of protein extracts obtained from primary tumors and
adjacent normal tissues. Using of two-dimensional gel elec-
trophoresis proteomic approach allowed identifying five pro-
teins with an increased expression level in gastric tumors. One
of these proteins – cyclophilin A (CypA), was overexpressed
in all gastric adenocarcinoma samples compared to paired
normal samples.

Cyclophilin A, a member of the immunophilin family that
has cytoprotective activity, was originally identified as the
intracellular receptor for cyclosporin A (CsA) [5]. Despite
the intracellular localization of CypA, some cells acquire the
ability to secrete it in response to inflammation [6].
Cyclophilin A is a multifunctional chaperone with
peptidylprolyl cis-trans isomerase activity that takes part in
immune response and cell signaling in response to a wide
variety of stress factors. CypA plays an important role in
protein folding, assembly, and trafficking and contributes to
the maintenance of correct conformation of nascent or partial-
ly denatured proteins during environmental insults [7]. Over-
expression of CypAwas previously reported in small cell lung
carcinoma [8], pancreatic cancer [9], hepatocellular carcinoma
[10], renal cell carcinoma [11] and breast cancer [12,13]. This
is a first report that demonstrates cyclophilin A overexpres-
sion in gastric adenocarcinoma and association of intracellular
CypA cytoplasmic expression in tumor cells with clinicopath-
ological features of gastric tumors.

Materials and Methods

Clinical Specimens

Fresh and paraffin-embedded gastric adenocarcinoma sam-
ples and paired adjacent normal tissues were obtained from
gastric cancer patients, who underwent surgical resection at
the Thoracic and Abdominal Department of Tomsk Cancer
Research Institute in years 2004–2009 (Table 1). The proce-
dures followed in this study were in accordance with the
Helsinki Declaration (1964, amended in 1975 and 1983). This
study was approved by Ethical Committee of the Cancer
Research Institute, and all patients signed an informed consent

for voluntary participation. Clinical features of the cases were
extracted from hospital records.

Four fresh paired samples of gastric adenocarcinoma and
adjacent normal mucosa were analyzed by 2D electrophoresis
(2DE) to search protein with differential expression in tumor
tissue. Thirty two fresh paired tissue specimens (16 samples of
intestinal and samples of 16 diffuse type tumors) were tested
by western blot analysis to confirm protein expression differ-
ences in tumor and normal mucosa that have been found using
2DE.

Forty six paraffin-embedded gastric adenocarcinoma sam-
ples (29 sections with intestinal and 17 with diffuse type) were
used for cyclophilin A immunohistochemical analysis in order
to assay its prognostic value. All 46 patients were under
follow up in a period extending from 1 to 6 years to register
local tumor relapses or distant metastases. The clinicopatho-
logical variables were evaluated, including age, sex, the pri-
mary tumor, lymph node involvement, histological type and
grade (Table 1). Twenty-five patients (54.4 %) were female,
and 21 (45.6 %) were male. Tumors were categorized accord-
ing to Lauren’s type as: intestinal type in 29 (63 %), diffuse
type in 17 (37 %) out of 46 cases. Five (10.9 %) tumors were
well differentiated, 17 (37 %) moderately differentiated, 18
(39.1 %) poorly differentiated and 6 (13 %) tumors were
undefined. Mucosa invasion, submucosa invasion and serous
invasion were determined in 4 (8.7 %), 15 (32.6 %) and 27
(58.7 %) of the tumors, respectively. Lymph node metastasis
was observed in 30 (65.2 %) cases. Distant metastases were
observed in 9 (22 %) patients.

Two-dimensional Gel Electrophoresis (2DE)

Four pairs of frozen tumor and histologically normal tissues
were homogenized and extracted with Tris-buffered saline (0,
12MNaCl, 20mMTris (pH 7.5), 20 mMKCl, 2 mMMgCl2,
0,1 mM EDTA, 1 mM PMSF) in order to remove major
structural proteins [14]. After centrifugation of cellular debris
the supernatant was precipitated with cold acetone and the
pellet was dissolved in O’Farrell loading buffer (9.5 M urea,
2–4 % CHAPS, 1 % dithiothreitol, and 2 % [v/v] carrier
ampholytes). One hundred μg of each soluble protein fraction
were subjected to 2DE and gels were fixed and silver stained
as previously described [15]. The images of eight gels were
scanned by Epson Perfection V750 Pro. The 2D gel image of
each tumor sample was compared with the corresponding
normal sample using Phoretix v.2003.02 and spots with 2.5-
fold or more changes in intensity in two or more sample pairs
were selected for the mass-spectrometry identification.

Mass Spectrometry

Protein spots of interest were excised, destained twice with
0.1 ml of 100 mM NH4HCO3 in 40 % aqueous acetonitrile

468 E.S. Grigoryeva et al.



solution for 30 min at 37 °C, and dehydrated in 100 %
acetonitrile for 5 min. The spots were incubated with 3 μl of
15 μg/ml Trypsin Gold (Promega) at 37 °C overnight and 7 μl
of 0.5 % mM TFA in 10 % solution of aqueous acetonitrile
was added. 2 μl of the peptide eluate was mixed with an equal
volume of 2.5-Dihydroxybenzoic acid matrix on the stainless
MALDI target and allowed to air-dry.

Matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF) was performed on the
Ultraflex II instrument (Bruker Daltonics, Germany). Trypsin
autolysis products and keratin-derived precursor ions were
automatically excluded. Data from the MS/MS, as PKL (peak
list) files acquired by the FlexAnalysis 2.0 (Bruker Daltonics),
were used for protein identification in the National Center for
Biotechnology Information non-redundant (NCBInr) protein
sequence database using the MASCOT search algorithm. The
MS/MS data were retrieved against the Homo sapiens subset
of the sequences with the parameters set as follows: enzyme
(trypsin); allowance of up to one missed cleavage peptide;
mass tolerance, ±0.1 Da; and MS/MS tolerance, ±0.05 Da.
Fixed modifications of cysteine carbamidomethylation and
variable modifications of methionine due to air oxidation were
allowed. The threshold used was p <0.05, indicating the iden-
tification at the 95 % confidence interval for matched pep-
tides, and MASCOT scores (based on combined MS and MS/
MS spectra) over 70 were considered statistically significant.

Western Blotting

Thirty two pairs of normal and tumor tissue samples were
ground in liquid nitrogen, lysed in Laemmli sample buffer and

loaded onto 10–22 % SDS polyacrylamide gel, according to
standard protocol. Proteins were transferred to polyvinylidene
fluoride membranes (Millipore) and incubated with rabbit
anti-human cyclophilin A antibody (Santa Cruz Biotechnolo-
gy, Inc.). Blots were stained with horseradish peroxidase-
conjugated secondary antibody and visualized by chemilumi-
nescence detection using Amersham ECL Plus™ Western
Blotting Detection Reagents (GE Healthcare). CypA expres-
sion level was normalised to B-actin level.

Immunohistochemistry

Paraffin-embedded tumor tissue 4 μm sections were probed
with primary rabbit anti-human CypA antibody (Sigma-
Aldrich), stained with secondary antibody conjugated to
horseradish peroxidase and visualized by BioGenex Super
Sensitive Non-Biotin HRP Detection System (BioGenex,
San Ramon, CA). For each section, ten representative fields
with well preserved carcinoma tissue were examined at×400
magnification and 100 carcinoma cells were counted for each
field. Immunostaining intensity was classified as negative in
case of the absence of cells with cyclophilin A cytoplasmic
immunoreactivity in ten fields and positive in cases of the
presence of carcinoma cells with cyclophilin A cytoplasmic
staining in at least one of ten fields. The frequency of CypA
positive staining tumor cells was estimated in all tumor spec-
imens. Percentage of CypA expression in cells of different
parenchymal structures (glandular, cribriform, trabecular, sol-
id) and in signet ring cells, for each invasion depth into the
stomach wall layers was determined [16].

Table 1 Baseline gastric cancer
patient characteristics (n =46) Characteristics Mean ± standard deviation (range) n (%)

Age (yr) <60 49,4±9,04 25 (54.4 %)

≥60 67,2±5,77 21 (45.6 %)

Gender Male 21 (45.6 %)

Female 25 (54.4 %)

Invasion of tumor depth pT1 (mucosa/submucosa) 4 (8.7 %)

pT2 (muscle/subserosa) 15 (32.6 %)

pT3/4 (serosa/organ inv.) 27 (58.7 %)

Lauren type Intestinal 29 (63 %)

Diffuse 17 (37 %)

Lymph node involvement Negative 16 (34.8 %)

Positive 30 (65.2 %)

Distant metastasis Negative 46 (100 %)

Positive 0 (0 %)

Differentiation Well differentiated 5 (10.9 %)

Moderately differentiated 17 (37 %)

Poorly differentiated 18 (39.1 %)

Undefined 6 (13 %)
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Statistical Analysis

Statistical analysis was performed using the software package
«Statistica 6.0 for Windows» (v.6.1, series 1203d, StatSoft
Inc.) (significance levelP <0.05). Spearman’s rank correlation
test was used to examine the association between CypA
expression and tumor type as well as depth of tumor invasion.
The χ2 test was used for comparison between qualitative
variables.

Results

Using 2DE analysis of two intestinal and two diffuse type
samples of gastric adenocarcinoma and matched normal tis-
sues, we have identified five protein spots that were at least
2.5-fold more intensive in at least two tumor tissue extracts, as
compared to paired normal mucosa controls (Fig. 1). MALDI-
TOF led to robust identification of thymosin beta-10, cathep-
sin D, S100A9, tropomyosin 3, and cyclophilin A. Overex-
pression of the first three proteins has been previously report-
ed in gastric tumors [17–19], as well as in other tumor types
[20–22]. We focused our attention to analysis of CypA, since
its expression changed most significantly in three out of four
adenocarcinoma samples versus normal paired samples ana-
lyzed by 2DE.

Determination of CypA expression in paired samples of 32
gastric cancer patients by western blot analysis demonstrated

that CypA protein amount is on average ten times higher in
tumors, as compared to normal tissues in 63 % of patients
(Fig. 2). The overexpression frequencies were found to be
64 % and 53 % in intestinal and diffuse tumor types, corre-
spondingly. While analyzing clinicopathological factors, in-
cluding age, sex, the primary tumor, nodal, the TNM stage
group, tumor site and histological grade, no correlation with
CypA expression in tumor was found (data not shown).

We analyzed CypA expression by immunohistochemical
staining in paraffin-embedded tumor tissue of gastric cancer
patients. The expression of CypA, appeared as fine granules
and diffused cytoplasmic staining, was stronger in tumor
tissues versus normal (Fig. 3). CypA expression in normal
mucosa samples was detected in 37.5 % whereas tumor cells
were positive in 87.5 % of patients (P=0.01). There is no
difference in the frequency of CypA protein expression found
between intestinal and diffuse types of gastric adenocarcino-
ma. Positive CypA expression was detected in 88 % of intes-
tinal and 90 % of diffuse type adenocarcinoma.

Immunostaining intensity was classified as mild staining,
moderate staining and strong staining. It should be clarified
that staining intensity was definitely different: moderate stain-
ing was predominant in intestinal type gastric adenocarcino-
ma, while mild staining was characteristic for diffuse tumor
type. The number of CypA-positive cells per 100 cells on a
section of intestinal and diffuse tumors was 24.6 and 7.7,
respectively (P=0.002) (Table 2).

The important prognostic factors of gastric cancer are the
depth of tumor invasion and the status of lymph node

Fig. 1 2D gel images of a
matched pair of gastric
adenocarcinoma and normal
gastric tissues (showed on top).
Individual spots with differences
in staining are shown on bottom.
1 – CypA, 2 – tropomyosin 3, 3 –
cathepsin D, 4 – S100 calcium
binding protein A9, 5 – thymosin
beta 10

Fig. 2 Western blotting of CypA
in matched pairs of tumor and
normal tissue samples. (β-actin is
used as internal control)
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metastasis [23]. Kim et al. [24] reported that the deepness of
the invasion is related to the lowering of the survival rate,
reporting 5-year survival rates of 93.4 %, 89.8 %, 77.2 %,
60.5%, 39.7%, and 8.7% in patients with tumor invasion into
lamina propria or muscularis mucosae, submucosa,
muscularis propria, subserosa, tumor perforation of serosa,
and invasion to adjacent organs, respectively. In order to
evaluate potential prognostic significance of CypA expression
we studied its association with depth of invasion, local re-
lapses and distant metastasis in 46 patients: 29 with intestinal
and 17 with diffuse type of gastric adenocarcinoma. Patients
were observed from 1 to 6 years after specific treatment,
occurrence of local relapses and distant metastases within
follow-up period were fixed.

The evaluation of CypA expression in tumor cells revealed
no association with the depth of invasion. Considering the fact
that stomach tumor tissue is heterogeneous and represented by
several histological structures, we evaluated the CypA expres-
sion in each of them at different depth of invasion. In the case
of intestinal type adenocarcinoma, we revealed a gradual
decrease of CypA expression in glandular and cribriform
structures in deeply invading layers of the stomach wall. Also,
CypA expression in discretely placed small groups of the
tumor cells was significantly lower than in cells forming
well-differentiated glandular structures (Table 3). There was
no any correlation for diffuse type tumors.

As for postoperative follow-up, local relapses were found
to occur more frequently in patients with negative CypA
immunostaining. In intestinal type of adenocarcinoma with

negative CypA expression, local relapses observed in 67 %
of cases, while with positive expression in 12 % (P =0.01)
In patients with diffuse type of tumor, distant metastases
were detected in all cases with negative expression of
CypA (Table 4). An incidence of distant metastases in
intestinal type of gastric adenocarcinoma was not associ-
ated with the expression of CypA.

Thereby, our data clearly demonstrated the potential value
of CypA detection for gastric cancer prognosis and postoper-
ative monitoring differential for diffuse and intestinal type.

Discussion

Comparative proteomics hold promise for identification of
protein markers for cancer diagnosis and prognosis, but only
a few markers are routinely used for gastrointestinal malig-
nancies (mainly carcinoembryonic antigen, CA19-9, and
DR70). This is a consequence of insufficient immunoassay
sensitivity and specificity that lead to a large quantity of false
positive and false negative results [25]. In order to find new

Fig. 3 Immunohistochemical analysis of CypA in: a Cytoplasmic ex-
pression of CypA in tumor cells of intestinal gastric adenocarcinoma.
Diaminobenzidine and eosin stain, ×400 magnification. b Cytoplasmic

expression of CypA in tumor cells of diffuse type of gastric cancer.
Diaminobenzidine and eosin stain, ×400 magnification

Table 2 CypA expression in different histological types of gastric
adenocarcinoma

Histological type of gastric
adenocarcinoma

CypA expression, % (M±S.D.)

Intestinal 24,6±19,3 (n =26)

Diffuse 7,7±7,0 (n =15)

P=0,002

M ± S.D. – values were recorded as mean ± standard deviation

Table 3 CypA expression in parenchymal structures of intestinal tumors
at different depths of tumor invasion

Histological
structures

CypA expression in each layer, % (M±S.D.)

Mucosa Submucosa Muscular Serous
a b c d

Glandular
structures

1 48.0±33.9
(n=23)

28.7±25.6
(n =22)
Pа=0.01

13.5±13.9
(n =11)

Pа=0.001

-

Cribriform
structures

2 33.7±33.3
(n=12)

29.4±25.7
(n=10)

– –

Groups of
cells

3 15.8±16.7
(n=15)

P1=0.0008

9.5±9.6
(n =18)
Pа=0.09;
р1=0.002

9.0±9.5
(n =14)

Pа=0.09

10.0±7.5
(n =3)

M ± S.D. mean value ± standard deviation, Pа difference of CypA
expression between the indicated tumor structure and glandular structures
in the mucosa, P1 difference of CypA expression between the indicated
tumor structure and groups of cells in the mucosa
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potential gastric cancer markers we compared the protein
profile of matched pairs of gastric adenocarcinoma and nor-
mal gastric tissue. Proteomics approach led to identification of
CypA, a new candidate protein marker of gastric cancer that
has been previously shown to be overexpressed in several
other tumor types [9,12,26]. Our first previous evidence for
CypA overexpression in gastric adenocarcinoma was pub-
lished in 2009 [27]. In current study we confirmed CypA
protein overexpression in tumor samples and found the asso-
ciation between CypA expression and occurrence of local
relapses and distant metastasis in follow-up period.

Data concerning the increase of CypA expression in tumor
tissues is ambiguous. As example Ruy et al. reported about
seven overexpressed proteins in gastric adenocarcinoma
among which there is no mention of CypA [28]. On the other
hand, recently, Bai et al. has demonstrated increased expres-
sion of CypA in the tumor tissue of the stomach compared to
histologically normal tissue [29]. In this study we

Although the exact molecular mechanisms for CypA over-
expression in cancer cells have not been fully studied, it was
found that CypA overexpression is associated with tumor cell
proliferation, block of apoptosis, increased resistance to hyp-
oxia, as well as with higher tumor aggressiveness and ability
to metastasis [29–31]. However, the evaluations of prognostic
significance of CypA overexpression performed for different
tumor types were controversial. Thus Lim et al. shows that
CypA overexpression is a poor prognostic factor because of
its association with decreased patient’s survival [26]. In con-
trast, Howard et al. performed tissuemicroarray immunostain-
ing of CypA, but their study show no statistically significant
correlation of immunostaining intensity and overall score with
survival [32]. In our study immunohistochemical analysis of
CypA expression in tumor subtypes clearly demonstrated
much lower content or even complete absence of CypA in
diffuse tumors, which are known to display more aggressive
behavior versus intestinal tumors, and Cyp A decrease in
poorly differentiated elements in the intestinal tumors.

Besides tumors invading into the deep layers of the stom-
ach wall, local relapses, and hematogenous metastasis inci-
dences have been shown to be associated with no CypA
expression in tumor cells. Relapse of gastric cancer, in contrast
to the primary tumor, characterized by greater biological

activity which is expressed in the tendency towards infiltrative
growth, a high degree of invasiveness and frequent invasion
into surrounding organs. There is some data showing that
patients who have had extensive lymph-node dissection con-
ducted are characterized by significant increase in survival
rates. Thus, the occurrences of local relapses present to be
unfavorable prognostic factor of clinical course of disease.

Lack of CypA expression may assume an unfavorable
prognostic factor regarding to tumor progression differentially
for patients with diffuse and intestinal type of gastric adeno-
carcinoma. We can predict low risk of hematogenous metas-
tases in patients with the diffuse type of gastric adenocarcino-
ma with positive expression of CypA in tumor cells. Loss of
CypA expression in advanced tumors can be explained by
several reasons: 1) elimination of oxidative stress after
formation of the tumor vasculature; 2) loss of tumor cell
communication with adjacent stromal elements during
epithelial-mesenchymal transition; 3) loss of the necessity
of CypA-mediated regulation of immune cell functioning
in inflammatory cell infiltrate, when tumors reach a sub-
stantial size [7].

Obtained data for the first time demonstrated the potential
value of CypA for local relapses and distant metastasis prog-
nosis of gastric cancer.
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