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Abstract Transforming growth factor-betal (TGF-betal)
plays an important role in the pathogenesis of multiple malig-
nancies, and also, its expression strongly affects the outcomes
of cancer patients. The objective of this study was to deter-
mine the clinical significance of the serum levels of TGF-
betal in gastric cancer patients. A total of 63 patients with a
pathologically confirmed diagnosis of gastric cancer were
enrolled into this study. Serum TGF-betal concentrations
were determined by the solid-phase sandwich ELISA method.
Thirty healthy age- and sex-matched controls were included in
the analysis. The median age at diagnosis was 62 years, range
28 to 82 years. There was no significant difference in baseline
serum TGF-betal levels between gastric cancer patients and
the healthy control group (p=0.08). The known clinical var-
iables including age of patient, gender, site of lesion, histolo-
gy, histological grade, stage of disease, and serum levels of
lactate dehydrogenase (LDH), CEA, and carbohydrate antigen
(CA) 19.9 were not found to be correlated with serum TGF-
betal concentrations (p>0.05). However, the chemotherapy-
responsive patients had higher serum TGF-betal levels com-
pared with chemotherapy-unresponsive ones (median values
330.50 v 49.54 pg/mL, respectively, p=0.01). Moreover, pa-
tients with elevated serum TGF-betal concentrations had
significantly favorable overall survival compared with those
with lower levels (median 71.1 v 39.9 weeks, respectively, p=
0.04). In conclusion, serum levels of TGF-betal may have
predictive and prognostic roles in patients with gastric cancer.
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Introduction

Transforming growth factor-beta (TGF-beta) plays a complex
role during carcinogenesis. It is a potent inhibitor of epithelial
cell proliferation during early stages of carcinogenesis and
may also exert tumor promoter activities at later stages of
carcinogenesis [1-14]. Most human tumors secrete large
amounts of TGF-beta, which promotes cellular activities, such
as proliferation, differentiation, migration, and survival
[1-14]. It also contributes to the development of angiogenesis
and is a negative regulator of immune functions.

Gastric cancer displays multifactorial etiology, and its ge-
netic and immunological background has not yet been fully
elucidated. In vitro trials showed that cultured gastric cancer
cell lines produce excessive levels of cytokines and growth
factors with pleiotropic biological activities [1-8]. Among
them, TGF-beta functions as an autocrine and paracrine factor
that drives many cellular processes such as tumor growth,
invasion, angiogenesis, and metastasis.

Increased expression and secretion of TGF-beta isoforms
in gastric cancer cells have been documented by several trials
when compared with normal gastric cells [1-8]. In normal
gastric cells, TGF-beta acts as a potent inhibitor of prolifera-
tion and differentiation. Cell autonomous activation of the
TGF-beta pathway in gastric cell lines has been well docu-
mented. Among them, only TGF-betal isoform as a major
secreted isoform in vitro was expressed both in normal gastric
cells and gastric cancer cells and secreted high quantities to
plasma [6—14].

TGF-betal shows biphasic effects on contributing to gas-
tric tumorigenesis and progression. It may play a negative or
tumor suppressor role by inhibiting cellular proliferation or by
promoting cellular differentiation and apoptosis in the initial
stage of gastric carcinogenesis [13]. However, as cancer de-
velops, the paracrine TGF-betal produced by the cancer cells
and the stromal cells stimulates angiogenesis and suppresses
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Table 1 Patient characteristics

Table 1 (continued)

Variables n (%) Variables n (%)
No. of patients 63 (100) Erythrocyte sedimentation rate (ESR), /h
Age, years Elevated (=50) 16 (25)
>60 35 (56) Normal (<50) 10 (16)
<60 28 (44) Unknown 37 (59)
Gender Serum CEA level
Male 25 (40) Normal (<10 ng/mL) 44 (70)
Female 38 (60) Elevated (>10 ng/mL) 13 (21)
Site of tumor Unknown 6(9)
Cardia 21 (33) Serum CA 19.9 level
Antrum 27 (43) Normal (<40 TU/MI) 32 (51)
Undetermined 15 (24) Elevated (>40 IU/mL) 25 (40)
Histology Unknown 6(9)
Adenocarcinoma 42 (67) Response to chemotherapy
Signet ring cell 21(33) Responsive (SD+CR+PR) 13 (43)
Grade Nonresponsive (PD) 17 (57)
-1 10 (16) Last status
il 44 (70) Alive 28 (44)
Undetermined 9 (14) Dead 35 (56)
Tumor (T) stage
CR complete response, PR partial response, SD stable disease, PD pro-
1=3 14(22) gressive disease
4 22(35) ? In metastatic patients
Unknown 27(83) ® In nonmetastatic patients
Number of lymph node involvement
0-2 12(19) immune response, finally leading to progressive invasion and
=3 132D metastasis. Therefore, plasma levels of TGF-betal are found
Unknown 38 (60) elevated in gastric cancer patients in concordance with meta-
Stage of disease static progression [8—10, 12, 13].
Nonmetastatic 3251 Although majority of available findings were provided
Metastatic 31(49) from preclinical trials, so far, there are only a few clinical
Liver metastasis* studies to investigate the clinical significance of TGF-betal
Yes 14 (45) isoform in serum or plasma in gastric cancer patients [6—14].
No 17 (55) Both conflicting and concordant results were provided by
Curative surgery” these trials. Thus, the significance of the serological levels of
Yes 17(53) TGF-betal in patients with gastric cancer is not known yet.
No 9 (28) Therefore, we evaluated the soluble serum levels of TGF-
Unknown 6 (19) betal in gastric cancer patients and assessed associations with
Serum hemoglobin level the prognosis, various known clinical variables, and response
Low (<12 g/dL) 35 (56) to chemotherapy, in order to examine whether these are po-
Normal (>12 g/dL) 28 (44) tential new biomarkers, for use in the treatment of gastric
Serum WBC count cancer in this study.
Normal (<10,000) 52 (83)
Elevated (>10,000) 11 (17)
Serum platelet count Material and methods
Normal (<350,000) 54 (86)
Elevated (>350,000) 9 (14) Patients
Serum LDH level
Normal (<450 U/L) 43 (63) This study included 63 consecutive patients admitted to
Elevated (>450 U/L) 10 (16) the Institute of Oncology, Istanbul University. All patients
Unknown 10 (16) had histologically confirmed gastric cancer and had not
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Table 2 The values of serum TGF-betal in gastric cancer patients and healthy controls

Marker Patients (n=63) Controls (n=30)
Median Range Median Range D
TGF-betal (pg/mL) 211.67 6.50-3845.64 79.11 6.42-584.16 0.08

received chemotherapy or chemoradiation in the last
6 months. The staging was determined according to the
AJCC (American Joint Committee on Cancer) and UICC
(International Union against Cancer) staging systems. The
pretreatment evaluation included assessment of detailed
clinical history and physical examination with a series of
biochemistry tests including lactate dehydrogenase
(LDH), complete blood cell counts including thrombo-
cytes (PLTs), leukocytes (WBCs), hemoglobin (Hb), and
serum tumor markers, CEA and carbohydrate antigen
(CA) 19.9. Those with Eastern Cooperative Oncology
Group (ECOG) performance status 2 or less and appro-
priate blood chemistry tests received chemotherapy on an
outpatient basis that included different combinations of
fluorouracil, folinic acid, capecitabine, docetaxel, cisplat-
in, and epirubicin, with/without radiotherapy depending
on the stage of disease. Follow-up programs included
clinical, laboratory, and radiological assessments per-
formed at 8-week intervals during chemotherapy or every
12 weeks for no anticancer treatment. Response to treat-
ment was determined according to the revised RECIST
criteria version 1.1.

For comparison of serum levels of TGF-betal, 30 healthy
controls (age- and sex-matched) were included in the analysis.
Informed consent was obtained from all patients, and the
study was reviewed and approved by our local ethical
committee.

Measurement of serum TGF-betal levels

Serum samples were obtained on first admission before any
adjuvant and metastatic treatment was given or follow-up
patients. Blood samples were obtained from patients with
gastric cancer and healthy controls by venipuncture and
clotted at room temperature. The sera were collected follow-
ing centrifugation and frozen immediately at —20 °C until
analysis.

TGF-betal ELISA (Invitrogen Corporation, USA) uses a
double-antibody sandwich enzyme-linked immunosorbent as-
say to determine the level of human TGF-betal in samples.
Serum samples, standards, and biotin conjugate were added to
the wells to incubate for 3 h. Unbound material was washed
away. TGF-betal combined with streptavidin-HRP was added
to form an immune complex and then allowed to incubate for
30 min. Unbound material was washed away. Chromogen

solution was added and incubated for 30 min (protected from
light) for the conversion of the colorless solution to a blue
solution, the intensity of which was proportional to the
amount of TGF-betal in the sample. As the effect of the acidic
stop solution, the color has become yellow. The colored
reaction product was measured using an automated ELISA
reader (Rayto, RT-1904C Chemistry Analyzer, Atlanta, GA,
USA) at 450 nm. The results were expressed as picograms per
milliliter.

Statistical analysis

Continuous variables were categorized using median values
as cutoff point. Assessment of relationships, comparisons
between various clinical/laboratory parameters, and serum
levels of TGF-betal assay were accomplished using Mann-
Whitney U test. Survival was calculated from the date of the
first admission to hospital to death resulting from any cause or
to last contact with the patient or any family member. Kaplan-
Meier method was used for estimation of survival of patients,
and differences in survivals were assessed by the log-rank
statistics. A p value <0.05 was considered significant. Statis-
tical analysis was carried out using SPSS 16.0 software (SPSS
Inc., Chicago, IL, USA).

Results

A total of 63 patients with diagnosis of gastric cancer were
enrolled in this study. The baseline histopathological charac-
teristics and the demographic characteristics of the patients are
listed in Table 1. The median age at diagnosis was 62 years,
range 28 to 82 years.

There was no significant difference in baseline serum TGF-
betal levels between gastric cancer patients and the healthy
control group (median values 211.67 v 79.11 pg/mL, respec-
tively, p=0.08) (Table 2). The known clinical variables in-
cluding age of patient, gender, site of lesion, histology, histo-
logical grade, stage of disease, and serum levels of LDH,
CEA, and CA 19.9 were not found to be correlated with serum
TGF-betal concentrations (p>0.05) (Table 3). However, the
chemotherapy-responsive patients had higher serum TGF-
betal levels compared with chemotherapy-unresponsive ones
(median values 330.50 v 49.54 pg/mL, respectively, p=0.01).
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Table 3 Relationship between the TGF-betal and various clinical pa-
rameters in patients with gastric cancer

Parameters TGF-betal (pg/mL)
median (range)
Age of patients (p) 0.64
Young 232.01 (9.30-3845.64)
Older 208.24 (6.50-1932.19)
Sex (p) 0.90
Male 223.08 (6.70-3845.64)
Female 203.74 (6.50-1043.74)

Localization (p)

0.22

Cardia 281.06 (6.70-1043.74)

Antrum 162.74 (7.11-3845.64)
Histology (p) 0.27

Adeno 280.88 (6.50-3845.64)

Signet ring 162.74 (6.70-938.64)
Grade of histology (p) 0.31

HI 356.58 (9.21-1043.74)

I 164.16 (6.50-3845.64)
Tumor (p) 0.96

Small 107.67 (8.80-1043.74)

Large 184.38 (7.11-3845.64)
Node (p) 0.23

Low 42597 (8.80-3845.64)

High 127.14 (7.11-810.59)
Surgery (p) 0.99

Yes 127.14 (7.11-3845.64)

No 218.83 (16.88-810.59)
Metastasis (p) 0.82

Yes 208.24 (6.50-1932.19)

No 232.01 (7.11-3845.64)

Liver metastasis (p)
Yes

0.74
203.47 (6.50-743.99)

No 211.67 (9.30-1932.19)
HGB (p) 0.53

Low 245.19 (6.70-1043.74)

Normal 182.97 (6.50-3845.64)
WBC (p) 0.41

High 203.19 (9.30-696.26)

Normal 227.33 (6.50-3845.64)
PLT (p) 0.76

High 218.83 (9.30-743.99)

Normal 211.67 (6.50-3845.64)
ESR (p) 0.48

High 205.72 (7.11-810.59)

Normal 305.60 (6.70-1043.74)
LDH (p) 0.60

High 269.37 (18.51-743.99)

Normal 22733 (6.70-3845.64)
CEA (p) 0.72

High 174.33 (6.70-1932.19)
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Table 3 (continued)

Parameters TGF-betal (pg/mL)
median (range)

Normal 21525 (7.11-3845.64)
CA 199 (p) 0.76

High 211.67 (6.70-1932.19)

Normal 215.54 (7.11-3845.64)
Response to chemotherapy (p) 0.01

Yes 330.50 (23.51-1932.19)

No 49.54 (6.50-458.25)

The median follow-up time was 25 weeks (range 1 to
164 weeks). At the end of the observation period, 35 patients
(55.6 %) were dead. The median survival for all patients was
42.0+4.2 weeks (95 % confidence interval (CI)=33.8-50.2).
The 1-year survival rates were 42.2 % (95 % CI=28.3-56.1).
The presence of metastasis (M1) (p=0.03), antrum localiza-
tion (p=0.04), elevated erythrocyte sedimentation rate (p=
0.02), higher serum CEA levels (p=0.01), elevated serum
CA 19.9 concentrations (p=0.04), and unresponsiveness to
chemotherapy (p=0.05) had statistically significant worse
survival variables (Table 4). Moreover, patients with elevated
serum TGF-betal concentrations had significantly favorable
overall survival compared with those with lower levels (me-
dian 71.1 v 39.9 weeks, respectively, p=0.04) (Table 4 and
Fig. 1).

Discussion

TGF-betal is secreted by normal gastric cells and gastric
tumor cells at various stages. Despite some discrepancies,
many studies showed that an increase in TGF-betal expres-
sion levels correlates with tumor progression and is associated
with poor prognosis [1-4], whereas its expression may only
have a minor influence on survival [5]. In these studies,
positive staining for TGF-betal correlated with lesion pro-
gression and increased in advanced stages compared with
early stages and normal tissues [5—7]. Moreover, the expres-
sion rates were frequent in differentiated [3] and undifferenti-
ated histology [8], diffuse type adenocarcinoma [5], and in-
testinal type adenocarcinoma [2].

So far, this isoform was studied in serum or plasma of
gastric cancer patients in only a few trials. The results revealed
that serum concentrations of TGF-betal were higher in pa-
tients with gastric cancer than in healthy controls [7, 10-13].
Likewise, we also found similar result in this study. However,
this finding could not reach a statistically significant level (p=
0.08).

However, the relationship between serum concentrations of
TGF-betal and clinicopathological characteristics was found
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Table 4 Univariate analysis of the patients

Table 4 (continued)

Parameters Survival p value Parameters Survival p value
Median 1 year Median 1 year
weeks (+SD) % (+SD) weeks (+SD) % (+SD)
Age of patients 0.61 High 23.0 (12.4) NR
Young 44.0 (8.4) 43.0 (10.5) Normal 44.0 (17.0) 49.4 (8.6)
Older 42.0 9.3) 41.1 9.8) CA 199 0.04
Sex 0.56 High 39.0 (10.2) 29.4(10.5)
Male 44.0 (19.8) 473 (9.2) Normal NR 56.3 (10.0)
Female 42.0 (7.6) 35.0 (10.9) Response to chemotherapy 0.05
Localization 0.04 Yes 71.0 (23.5) 60.2 (15.9)
Cardia NR 65.1 (11.9) No 42.0 (9.6) NR
Antrum 37.0 (8.2) 31.9(9.7) TGF-betal 0.04
Histology 022 <Median 39.0 (10.0) 333 (9.4)
Adeno 44.0 (18.6) 485 (8.9) >Median 71.1 (24.0) 52.1(10.4)
Signet ring 42.0 (11.0) 313(11.2)
Grade 0.10 NR not reached
Good-int. NR 75.0 (15.8)
Poor 37.00.7) 362(8.5) to be controversial. Some previous studies found that serum
Tumor 0.06 levels of TGF-betal in gastric cancer patients were positively
Small NR 85.704) correlated to tumor mass, venous invasion, metastasis, and
Large 37.0 (16.8) 415 (11.2) clinical stage [8—10, 12, 13]. Contrarily, others have reported
Node 021 no differences in serum TGF-betal concentrations in terms of
Low NR 65.5 (16.7) serosal invasion, lymph node involvement, vascular invasion,
High 68.0 (24.8) 60.6 (13.8) distant metastasis, tumor size, or histopathological grades in
Surgery 0.36 gastric cancer [6, 7, 11, 12]. Moreover, no significant differ-
Yes NR 64.8 (16.5) ences in serum TGF-betal levels were found in gastric cancer
No 68.0 (28.9) 57.6 (13.6) patients with different ages, genders, tumor localizations, and
Metastasis 0.03 histological grades [12—14]. The present study demonstrated
Yes 30.0 (11.0) 21.18.9) that none of the clinicopathological variables such as age, sex,
No 82.0(13.5) 61.3(9.5) localization of tumor, histology, grade of histology, stage of
Liver metastasis 0.11 disease, and tumor markers including CEA and CA 19.9 was
Yes 42.0 (13.7) 35.7 (14.0) correlated with serum levels of TGF-betal in patients with
No 23.0 (3.3) NR gastric cancer.
Hemoglobin 0.34
Low 42,0 (12.4) 33.8 (9.5)
Normal 82.0 (40.2) 51.7(10.4) Survival Functions
WBC 030 101 vt
High 24.0 (13.0) NR Y EDIAN
Normal 42.0 (3.4) 40.8 (7.9) 7
PLT 0.51 3
High 25.0(13) NR £
Normal 42.0 (4.9) 43.4(1.7) T
ESR 0.02 3
High 25.0 (6.4) NR oo
Normal NR 67.5 (15.5)
LDH 0.11 oo
High 21.0(10.9) NR T T T T pa
Normal 44.0 (4.4) 432 (8.8) Time (week)
CEA 0.01 Fig. 1 Overall survival curves in gastric cancer patients according to

serum TGF-betal levels (p=0.04)
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Serum levels of TGF-betal have been examined firstly in
patients with gastric cancer as a possible indicator of progno-
sis by Saito et al. [9]. In this study, preoperative serum levels
of TGF-betal were measured in 111 patients with gastric
cancer by ELISA. An elevated level of TGF-betal was sig-
nificantly correlated with lymph node metastasis and poor
prognosis. Moreover, the preoperative serum levels of TGF-
betal in patients with peritoneal recurrence were significantly
higher than in patients both with lymph node recurrence and
without relapse. Authors concluded that serum levels of TGF-
betal might be useful for predicting recurrence patterns and
prognosis in patients with gastric cancer. Similarly, we found
that the concentration of serum TGF-betal constitutes an
independent prognostic factor correlated with prognosis. Pa-
tients with elevated serum TGF-betal concentrations had
significantly favorable overall survival compared to those
with lower levels (p=0.04).

To date, none of the trials that studied serum levels of TGF-
betal in gastric cancer investigated and presented its predic-
tive value to chemotherapy. Therefore, there exists no infor-
mation about a possible influence of serum TGF-betal con-
centration on response to chemotherapy. According to us, this
is the first study to examine the association between the serum
level of TGF-betal and its predictive role in patients with
gastric cancer. In addition to its prognostic value, serum
TGF-betal levels had also a predictive role in chemotherapy.
In our study, the chemotherapy-responsive patients had higher
serum TGF-betal levels compared with chemotherapy-
unresponsive ones (p=0.01). This finding gives us useful
opportunity for selecting the patients responsive to
chemotherapy.

The differences in the findings with TGF-betal probably
reflect the differences in source, kinetics of expression or
destruction, and possibly signals including their expression
and release. Additionally, these contradicting results of these
studies might be attributable to several other factors. So far, no
consensus exists on which tumors and methods should be
used for testing TGF-betal expressions. During recent de-
cades, immunohistochemistry (IHC) has become a useful
adjunctive method in diagnostic histopathology. There are a
number of drawbacks with IHC, the most important of which
are lack of assay standardization and variance in the interpre-
tation of the IHC staining. Additionally, each of the studies
was performed on a relatively small sample size, which may
have been insufficient to show significant differences. A stan-
dardized method remains to be established and validated in
larger series of patients in prospective studies.

In conclusion, TGF-betal is closely related to the invasion,
metastasis, and prognosis of gastric cancer, and production of
TGF-betal in the tumor contributes to the total amount of
TGF-betal in the blood circulation. We showed that serum
levels of TGF-betal may have predictive and prognostic roles
in patients with gastric cancer. However, the small sample size
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and short follow-up time of our study could be considered as
significant limitation and might have influenced these results.
However, our study contributes to the literature, because we
performed it that contained all stages group of disease prelim-
inarily in literature. Further studies in a larger patient popula-
tion are necessary to determine the potential clinical signifi-
cance of these assays in patients with gastric cancer.
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