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CLINICAL SIGNIFICANCE OF SERUM CAVEOLIN-1 LEVELS
IN GASTRIC CANCER PATIENTS
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Aim: Caveolin-1 plays a significant role in the pathogenesis of various carcinomas and its expression affects the survival of cancer
patients. However, the molecular function of caveolin-1 and its possible clinical importance has remained uncertain in gastric cancer.
No clinical trial has examined serum caveolin-1 levels in gastric cancer patients so far, instead all available results were provided from
studies conducted on tissue samples. In the current study, we analyzed the soluble serum caveolin- 1 levels in gastric cancer patients,
and specified its associations with the clinical factors and prognosis. Material and Methods: Sixty-three patients with pathologically
confirmed gastric cancer were enrolled into the trial. Serum caveolin-1 concentrations were detected by ELISA method. Thirty
healthy subjects were also included in the study. Results: The median age of patients was 62 years, ranging from 28 to 82 years. The
serum caveolin-1 levels in gastric cancer patients were significantly higher than those in control group (p < 0.001). The common
clinical parameters including patient age, sex, lesion localization, histopathology, histological grade, disease stage, and various serum
tumor markers (e.g. LDH, CEA, and CA 19.9) were not found to be associated with serum caveolin-1 levels (p > 0.05). Similarly,
no correlation existed between serum caveolin-1 concentration and chemotherapy responsiveness (p = 0.93). Furthermore, serum
caveolin-1 level was not found to have a prognostic role (p = 0.16). Conclusion: Even though it is neither predictive nor prognostic,

serum caveolin-1 level may be a valuable diagnostic indicator in patients with gastric cancer.
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Multifactorial etiology plays a role in gastric can-
cer development whose genetic and immunological
grounds have not been fully explained yet. In vitro trials
determined that cultured gastric cancer cell lines gener-
ate extreme concentrations of growth factors and cyto-
kines with pleiotropic biological actions. Furthermore,
caveolins function as an autocrine and paracrine factor
that motivates many cellular procedures including angio-
genesis, invasion, tumor growth, and metastasis [1-3].

Caveolins are the main protein constituent
of caveolae, characterized invaginations of the plasma
membrane and join in vesicular trafficking incidents
and signal transduction procedures [1-16]. The be-
haviour of caveolin-1 in tumorigenesis seems to shift
with respect to the tumor type, e.g. while its expression
is associated with cancer suppression in hepatocellu-
lar and ovarian carcinoma, itis associated with cancer
progression in esophageal, renal cell and prostate can-
cers. Enhanced caveolin-1 expression in tumor cells
has been associated with aggressiveness and, in some
cases, a worse clinical survival [1-8]. Additionally,
caveolin-1 loss contributes to the distinct activation
of fibroblasts in gastric cancer microenvironment and
gastritis mucosa, and its expression in both gastric
cancer-associated fibroblasts and gastric inflamma-
tion-associated fibroblasts may serve as a potential
biomarker for gastric cancer progression [9, 11].

Until recently, there have been several trials pub-
lished that specifically are addressing the clinical
importance of caveolin-1 expression in gastric can-
cer [4-16]. Increased caveolin-1 expression was also
determined in gastric cancer cell lines with increased
proliferation of gastric cancer cell and metastatic
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potential [4-16]. However, the molecular function
of caveolin-1 and its possible clinical importance has
remained uncertain in gastric cancer.

To the best of our knowledge, no clinical trial has
examined serum caveolin- 1 levels in gastric cancer pa-
tients so far, instead all available results were provided
from studies conducted on tissue samples. Therefore,
the importance of the circulating concentrations
of caveolin-1in gastric cancer patients is not known
yet. In the current study, we analyzed the soluble se-
rum caveolin-1 levels in gastric cancer patients, and
specified its associations with the prognosis, clinical
factors, and responsiveness of chemotherapy.

MATERIAL AND METHODS

Patients and therapy. This study comprised sixty-
three gastric cancer patients that were treated in the
Institute of Oncology, Istanbul University. None of the
patients had received any type of treatment, e.g. che-
motherapy or radiotherapy, within six months prior to the
study. The disease was staged based on the American
Joint Committee on Cancer and the Union for Interna-
tional Cancer Control staging systems. The compre-
hensive history and physical examinations and blood
tests, such as complete blood count and biochemistry
analyses, were carried out for each patient. Patients
were treated and followed-up according to standard
international guidelines including National Comprehen-
sive Cancer Network guidelines. Patients with ECOG
performance status equal or less than 2, and appropri-
ate blood tests received combination chemotherapy
regimens consisting of various chemotherapeutics, such
as 5-FU, leucovorin, cisplatin, epirubicine, capecitabine,
and docetaxel. Response to the treatment was assessed
with the revised RECIST criteria version 1.1.

Age (median age was 59 years; range, 25 to 78)
and sex (female were predominant in number; n =17,
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57.0%) matched thirty healthy subjects with gastritis,
ulcers and other benign lesions as control group were
included in the analysis. Informed consents were pro-
vided from the patients. The Regional Ethic Committee
(Institute of Oncology, Istanbul University) reviewed
and confirmed the trial.

Measurement of serum caveolin-1 concentra-
tions. Blood specimens of the patients were drawn
oninitial admission by venipuncture and clotted at room
temperature. The sera were collected after centrifuga-
tion and frozen at —20 °C until analysis. The Human
Caveolin 1 (CAV 1) ELISA (MyBioSource, Inc., USA) uses
a double-antibody sandwich enzyme-linked immuno-
sorbent assay to detect the concentration of Human
Caveolin 1in specimens. Serum specimens, standards
and Biotin Conjugate were added to the wells and incu-
bated for 1 h at 37 °C. Unbound material was washed
away. Chromogen solution was added and incubated for
15 min (protected from light) at 37 °C for the conversion
of the colorless solution to a blue solution, the intensity
of which is proportional to the amount of CAV 1 in the
sample. As the effect of the acidic stop solution, the
color has become yellow. The colored reaction prod-
uct was measured using an automated ELISA reader
(Rayto, RT-1904C Chemistry Analyzer, Atlanta GA,
USA) at 450 nm. The results were expressed as ng/ml.

Statistical analysis. Parameters were classi-
fied as median values as cut-off point. Relationships
between clinical/laboratory parameters and serum
caveolin-1 assay concentrations were done us-
ing Mann — Whitney U test. Survival was detected
by Kaplan — Meier method and survival differences
were performed by the log-rank statistics. A p value
< 0.05 was considered as significant. The SPSS
16.0 software (SPSS Inc., Chicago, lllinois, USA) was
used for statistical analyses.

RESULTS

Sixty-three gastric cancer patients were enrolled
into this study. The demographic and histopathological
characteristics of the patients are shown in Table 1.
The median age of patients was 62 years, ranging
from 28 to 82 years.

The serum caveolin-1 levels in gastric cancer pa-
tients were significantly higher than those in control
group (median values 3.82 vs 0.25 ng/ml, respectively,
p <0.001) (Table 2). The common clinical parameters
including patient age, sex, lesion localization, histopa-
thology, histological grade, disease stage, and various
serum tumor markers (e.g. LDH, CEA, and CA 19.9)
were not found to be associated with serum caveo-
lin-1levels (p > 0.05) (Table 3). Similarly, no correlation
existed between serum caveolin-1 concentration and
chemotherapy responsiveness (p = 0.93).

The median survival was 42.0 = 4.2 weeks. The
1-year survival rates were 42.2%. The presence of me-
tastasis (p =0.03), the antral tumor location (p =0.04),
the higher erythrocyte sedimentation rate (p = 0.02),
the elevated serum CEA concentration (p = 0.01),
the higher serum CA 19.9 levels (p = 0.04), and the

unresponsiveness to chemotherapy (p = 0.05) were
found to be statistically significant parameters of poor
survival (Table 4). Furthermore, serum caveolin-1 con-
centration was not found to have a prognostic role
on survival (p = 0.16) (Table 4, Figure).

Table 1. Patient and disease characteristics

Parameter n (%)

No. of patients 63 (100)
Patient age

> 60 years 35 (56)

< 60 years 28 (44)
Sex

Male 25 (40)

Female 38 (60)
Tumor localization

Cardia 21 (33)

Antrum 27 (43)

Unknown 15 (24)
Histopathology

Adenocarcinoma 42 (67)

Signet-ring cell 21 (33)
Histological grade

1=l 10 (16)

1l 44 (70)

Unknown 9(14)
Tumor (T) stage

1-3 14 (22)

4 22 (35)

Unknown 27 (43)
Number of lymph node involvement

0-2 12 (19)

>3 13 (21)

Unknown 38 (60)
Disease stage

Nonmetastatic 32 (51)

Metastatic 31 (49)
Liver metastasis*

Yes 14 (45)

No 17 (55)
Curative surgery**

Yes 17 (53)

No 9(28)

Unknown 6(19)
Serum hemoglobin level

Low (< 12 g/dl) 35 (56)

Normal (> 12 g/dl) 28 (44)
Serum white blood cell count

Normal (< 10,000) 52 (83)

High (> 10,000) 1 (17)
Serum platelet count

Normal (< 350,000) 54 (86)

High (> 350,000) 9 (14)
Serum LDH level

Normal (< 450 U/l) 43 (68)

High (> 450 U/I) 10 (16)

Unknown 10 (16)
Erythrocyte sedimentation rate

High (> 50/h) 16 (25)

Normal (< 50/h) 10 (16)

Unknown 37 (59)
Serum CEA level

Normal (< 10 ng/ml) 44 (70)

High (> 10 ng/ml) 13 (21)

Unknown 6 (9)
Serum CA 19.9 level

Normal (< 40 1U/ml) 32 (51)

High (> 40 1U/ml) 25 (40)

Unknown 6(9)
Chemotherapy responsiveness

Yes 13 (43)

No 17 (57)

Note: *In metastatic patients; **in nonmetastatic patients.
Table 2. The values of serum caveolin-1 levels in gastric cancer patients
and healthy controls

Patients (n = 63) Controls (n = 30)
Median Range Median Range p
Caveolin-1,ng/ml _ 3.82 2.38-15.98 0.25 0.02-0.97 <0.001

Marker
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Table 3. Comparisons between serum caveolin-1 levels and various clini-

cal parameters in patients with gastric cancer

Table 4. Univariate analysis of the patients’ parameters

Survival

- . 1-year, %
Caveolin-1, ng/ml Parameters median, weeks p
Parameters median (range) b (£ SD) (*SD)
Age of patients Age of patients
< 60 years 3.82(2.58-15.74) 0.97 < 60 years 44.0 (8.4) 43.0(10.5) 0.61
> 60 years 3.82(2.38-15.98) > 60 years 42.0(9.3) 41.1(9.8)
Sex Sex
Male 3.91 (2.38-8.58) 0.36 Male 44.0(19.8) 47.3(9.2) 0.56
Female 3.48 (2.38-15.98) Female 42.0 (7.6) 35.0(10.9)
Localization Localization
Cardia 3.57 (2.58-15.98) 0.49 Cardia NR 65.1 (11.9) 0.04
Antrum 3.74 (2.58-15.74) Antrum 37.0(8.2) 31.9(9.7)
Histology Histology
Adenocarcinoma 3.87 (2.38-15.74) 0.56 Adenocarcinoma 44.0 (18.6) 48.5(8.9) 0.22
Signet ring 3.82(2.72-15.98) Signet ring 42.0 (11.0) 31.3(11.2)
Grade of histology Grade of histology
-1l 3.70 (2.58-4.81) 0.7 1=l NR 75.0 (15.8) 0.10
1] 3.65(2.38-15.98) 1] 37.0(9.7) 36.2(8.5)
Tumor (T) stage Tumor (T) stage
1-3 3.49 (2.58-8.46) 0.69 1-3 NR 85.7 (9.4) 0.06
4 3.48 (2.58-15.98) 4 37.0 (16.8) 41.5(11.2)
No. of lymph node involvement No. of lymph node involvement
0-2 3.87 (2.58-10.37) 0.77 0-2 NR 65.5 (16.7) 0.21
>3 3.23(2.72-15.98) >3 68.0 (24.8)  60.6 (13.8)
Curative surgery Curative surgery
Yes 3.82(2.69-15.98) 0.99 Yes NR 64.8 (16.5) 0.36
No 3.48 (2.58-8.46) No 68.0 (28.9) 57.6 (13.6)
Stage of disease Stage of disease
Metastatic 4.25(2.38-15.74) 0.09 Metastatic 30.0 (11.0) 21.1(8.9) 0.03
Nonmetastatic 3.48 (2.58-15.98) Nonmetastatic 82.0 (13.5) 61.3 (9.5)
Liver metastasis Liver metastasis
Yes 4.12 (2.84-15.74) 0.77 Yes 42.0(13.7)  35.7(14.0) 0.11
No 4.25(2.38-8.58) No 23.0(3.3) NR
Serum hemoglobin level Serum hemoglobin level
Low (< 12 g/dl) 3.91 (2.58-15.98) 0.42 Low (< 12 g/dl) 42.0 (12.4) 33.8(9.5) 0.34
Normal (> 12 g/dl) 3.65 (2.38-15.74) Normal (> 12 g/dl) 82.0 (40.2) 51.7(10.4)
Serum white blood cell count Serum white blood cell count
High (> 10,000) 4.42 (2.38-17.73) 0.19 High (> 10,000) 24.0 (13.0) NR 0.30
Normal (< 10,000) 3.74 (2.38-15.98) Normal (< 10,000) 42.0(3.4) 40.8 (7.9)
Serum platelet count Serum platelet count
High (> 350,000) 4.59 (2.72-7.73) 0.33 High (> 350,000) 25.0(1.3) NR 0.51
Normal (< 350,000) 3.82(2.38-15.98) Normal (< 350,000) 42.0 (4.9) 43.4(7.7)
Erythrocyte sedimentation rate Erythrocyte sedimentation rate
High (> 50/h) 4.38 (2.58—15.74) 0.15 High (> 50/h) 25.0(6.4) NR 0.02
Normal (< 50/h) 3.40 (3.06-4.84) Normal (< 50/h) NR 67.5(15.5)
Serum LDH level Serum LDH level
High (> 450 U/1) 4.08 (2.58-8.58) 0.89 High (> 450 U/1) 21.0(10.9) NR 0.11
Normal (< 450 U/I) 3.74 (2.38-15.98) Normal (< 450 U/I) 44.0 (4.4) 43.2 (8.8)
Serum CEA level Serum CEA level
High (> 10 ng/ml) 4.33(2.38-8.58) 0.96 High (> 10 ng/ml) 23.0 (12.4) NR 0.01
Normal (< 10 ng/ml) 3.48 (2.38-15.98) Normal (< 10 ng/ml) 44.0 (17.0) 49.4 (8.6)
Serum CA 19.9 level Serum CA 19.9 level
High (> 40 1U/ml) 4.25(2.38-15.74) 0.33 High (> 40 1U/ml) 39.0(10.2) 29.4 (10.5) 0.04
Normal (< 40 1U/ml) 3.48 (2.38-15.98) Normal (< 40 1U/ml) NR 56.3 (10.0)
Response to chemotherapy Response to chemotherapy
Yes 4.33(2.38-15.98) 0.93 Yes 71.0(23.5)  60.2(15.9) 0.05
No 3.74 (2.58-15.74) No 42.0(9.6) NR
Seum caveolin-1 level
DISCUSSION < median 44.0 (NR)  48.7(10.5)  0.16
> median 39.0(7.2) 36.6 (9.5)

In this study, we found that the serum caveo-
lin-1levels in gastric cancer patients were significantly
higher than those in non-cancer subjects. The com-
mon clinical parameters, such as patient age, sex,
lesion localization, histopathology, histological grade,
disease stage, and various serum tumor markers, e.g.
LDH, CEA, and CA 19.9, were not found to be associ-
ated with circulating caveolin-1 levels. Similarly, serum
caveolin-1 level was not correlated with outcome.
The results of the present study suggest that even
though it is neither predictive nor prognostic, serum
caveolin-1level may be a valuable diagnostic indicator
in patients with gastric cancer.

Note: NR means not reached.

To our knowledge, no clinical trials have examined
serum caveolin-1 levels in gastric cancer patients
so far, instead all of the available results were deducted
from studies conducted on gastric cancer tissue
samples. Therefore, the significance of circulating
concentrations of caveolin-1 values in gastric cancer
patients’ serum has not been known yet. Even though
our study was conducted on serum samples (instead
of tissue samples), whichisfirstin the literature, we had
to discuss our results with the findings provided by tis-
sue immunohistochemistry.
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Figure. Survival curves of patients with gastric cancer according
to serum caveolin-1 levels (p = 0.16) (< median = unbroken line
and > median = dashed line)

Althoughiits localization and expression have been
examined in various human carcinomas, because
of conflicting reports from a number of studies the
functions of caveolin-1 in human gastric carcinoma
have not been fully understood yet [4-16]. The ca-
veolin-1 expression in gastric cancer was signifi-
cantly lower than in premalignant gastric lesions [6,
8]. Similarly, other trials showed that gastric cancer
cells in only 15.5% [14], 12.4% [15], 7.0% [5] and
5.4% [7] patients expressed caveolin-1. A reduced
caveolin-1 expression was also encountered in 73%
of gastric cancer cases [4]. In a novel study, the stain-
ing of caveolin- 1 was downregulated in gastric cancer
tissues [13].

Besides, contrary to what might be expected,
we observed no significant correlations between
the serum caveolin-1 levels and powerful prognostic
factors of survival. However, histopathology [4-6,
10], invasion depth [8], tumor size [8], pathological
grade [13, 14], lymph node involvement [6-8, 14],
lymph node ratio [15], distant metastasis [5, 13] and
clinical stage [7, 8, 13, 14] were found to be corre-
lated with the expression of caveolin-1 in the various
studies. Expressed caveolin-1 cases were all of the
intestinal type histology [4, 5]. Likewise, positive rate
of caveolin-1 was also found lower in diffuse type
gastric cancer [6]. Positive rate of caveolin-1 was
also found lower in advanced-stage gastric cancers
than in early-stage cancers, but the difference was
not statistically significant [6]. Positive rate of caveo-
lin-1 was significantly lower in patients with lymph
node metastases. Although caveolin-1 expression
was low in primary tumor, it was increased in cell
lines originating from distant metastases [5]. More-
over, low expressions of caveolin-1 were correlated
with large tumor size, deep invasion depth, node
involvement, and advanced stage of disease [8].
In other trial, expression level of caveolin-1 was cor-
related with the tumor’s clinical stage, pathological
grade, and metastasis status [13]. Likewise, it was
significantly elevated in the advanced-stage and

lymph node involved gastric cancer group [7, 14].
However, contrary to these correlations, several trials
could not find any association with clinicopathologi-
cal variables [4, 7, 9, 10]. No significant relationship
was found between caveolin-1 expression and other
parameters including patient age, gender, histo-
logical types according to Lauren’s classification and
distant metastasis [7, 14]. Similarly, no significant
associations were showed between caveolin-1 ex-
pression and the other factors such as, age and sex
of the patients, tumor localization, histological grade,
pathological stage of tumor and node involvement,
and the stage of the disease [4]. In a meta-analysis,
caveolin-1 expression was not correlated with clini-
copathological parameters except for the Lauren
classification [10].

In literature, controversy exists about the prog-
nostic role of caveolin-1 expression on outcome
in patients with gastric carcinoma [4, 7, 9, 10, 14, 15].
Some studies have suggested that it mainly signifies
a worse prognosis in association with an unfavorable
outcome [7, 9, 14], whereas other has suggested
that it signifies a favorable prognostic factor [10],
whereas others have failed to show such correla-
tions [4, 15]. Furthermore, high expression of tumoral
caveolin-1 protein in metastatic lymph node instead
of primary tumoral caveolin-1 expression was associ-
ated with unfavorable prognosis of curative resected
gastric cancer, indicating the potential of novel prog-
nostic markers [15]. In a meta-analysis consisting
of six trials the caveolin-1 expression in gastric cancer
predicted a better overall survival in gastric cancer and
its expression in tumors has been accepted as a candi-
date positive prognostic biomarker for gastric cancer
patients [10].

The differences in the results with caveolin-1 pro-
bably project the differences in source, kinetics
of expression or destruction, and possibly signals in-
cluding their expression and release. Moreover, these
contrary findings of the trials might be ascribable
to several other factors. Until now, no consensus has
been agreed on which tumors and methods should
be carried out for testing caveolin-1 expression.
Over the last decades, IHC has become a beneficial
integrated method in histopathology of diagnosis.
However, there are several obstacles with IHC, the
most important of which are as follows: the lack
of assay standardization and alterations in the as-
sessment of the IHC staining. Moreover, each of the
trials was carried out on a relatively small sample
size, which may have been unsatisfactory to show
significant differences. A standardized method still
needs to be introduced in wider prospective series.

In conclusion, with the intention of revealing its
role we analyzed the soluble serum caveolin-1 levels
in gastric cancer patients, and specified its associa-
tions with the prognosis, clinical factors, and respon-
siveness of chemotherapy. Serum caveolin-1 level
was significantly elevated in gastric cancer patients.
We believe that caveolin-1 might have a diagnostic
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value in gastric cancer. The common clinical para-
meters were not found to be associated with serum
caveolin-1 levels. Moreover, since we also found that
serum of caveolin-1 level was not correlated with either
survival outcome or chemosensitivity we suggest that
serum caveolin-1 level might not be used as either
a prognostic or a predictive biomarker in gastric can-
cer. The small sample size and short follow-up period
of the study might have undermined the analysis and
be considered as major limitations. Nevertheless,
current study contributes to the literature in that to the
best of our knowledge our study is the first in examin-
ing serum caveolin-1 levels in gastric cancer patients
so far. Further trials in larger patient populations are
necessary to detect the clinical importance of serum
caveolin-1 in gastric cancer patients.
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