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The aim of this study was to examine the expression of TGF-β1 and TGF-β recep-
tor type II (RII) and the impact of the -509C>T single nucleotide polymorphism 
(SNP) in the gene in relation to clinicopathological factors in gastric cancer (GC).
Using immunohistochemistry we investigated 43 patients with GC for expression 
of TGF-β1 and TGF-β-RII. Consequently, RFLP-PCR was performed to analyze 
the presence of -509C>T polymorphism in the TGF-b1 gene.
We found that 72.1% of GCs had cytoplasmic TGF-b1 expression and 27.9% were 
negative. The TGF-β1 receptor type II was expressed on tumor cell membranes in 
58.1%. TGF-β1 positivity in tumor cytoplasm correlated positively with TGF-β1-
RII expression in tumor cytoplasm in 67.4% of cases (χ2 = 8.02; p = 0.005). Also, 
the results showed that patients with low and moderate tumor differentiation had 
TGF-β1-RII positivity in 53.3% and 81.8% resp. (χ2 = 6.58; p = 0,037). The 
analysis of genotype distribution of the -509C>T SNP in the promoter region of 
TGF-b1 gene and clinical stage distribution revealed that among the 32 patients 
in III-IV clinical stage 53.1% were heterozygous (TC), 34.4% were homozygous 
for the C-allele and 12.5% were homozygous for the variant T-allele (χ2 = 3.31; 
p = 0.069).
In conclusion the expression of TGF-β1 was related to shorter survival time and 
rapid progression for the GC patients. Additionally, the variant T-allele of the stud-
ied polymorphism was associated with worse prognosis for GC patients.

Key words: gastric cancer, TGF-β1, -509C>T SNP.

DOI: https://doi.org/10.5114/pjp.2017.71530�P ol J Pathol 2017; 68 (3): 234-240

Introduction

Gastric cancer (GC) is one of the most common 
malignant tumors worldwide and the third cause of 
neoplasm related death [1]. About one million new 
cases of GC were estimated to have occurred in 2012 
(952,000 cases, 6.8% of the total) making it the fifth 
most common malignancy after cancers of the lung, 
breast, colon/rectum and prostate [2]. Different fac-
tors such as obesity, gastroesophageal reflux disease 
and chronic gastritis are thought to contribute to 

its deadliness, and unfortunately between 23% and 
34% of the patients were diagnosed in advanced 
stages [3, 4].

As the survival rate of patients with GC is rath-
er low, even in the developed countries, apart from 
the variety of prognostic markers, new independent 
parameters are being investigated. To date many tu-
mor-associated antigens either intracellular or on the 
cell surface have been identified.

Transforming growth factor β1 (TGF-β1) is a mul-
tifunctional cytokine that can induce growth inhibi-
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tion, apoptosis, and differentiation of gastrointestinal 
epithelial cells [4]. TGF-β1 is encoded on chromo-
some 19q13.1 and it is a  44.3kDa protein that is 
usually secreted as an inactive compound consisting 
of a  homodimer non-covalently linked to a  laten-
cy-associated peptide homodimer. The active protein 
binds to type II TGF-β1 receptors which form het-
erodimers with TGF-β1 type I receptors. This results 
in receptor-mediated serine-threonine kinase activity 
involving phosphorylation of members of the SMAD 
family of transcription factors and activation/inhibi-
tion of various genes, depending on the state of cell 
transformation, including in GC [5, 6, 7, 8].

In addition, there is no significant data in public 
sources about the role of the -509C>T single nu-
cleotide polymorphism, protein expression and cor-
relations with clinical parameters and progression 
of GC patients. One previous publication has de-
scribed a  case-control study investigating whether 
the TGF-b1 -509 C>T SNP can modify the risk of 
gastric cancer [9].

The aim of the present study was to investigate 
a group of 43 patients with GC immunohistochem-
ically for TGF-β1 and TGF-β1-RII expression and 
to analyze the genotype distribution regarding the 
-509C>T TGF-b1 SNP using RFLP-PCR technique. 
We also evaluated the relation between the collected 
data and some clinical and pathological parameters of 
the investigated group of patients.

Material and methods

Patients and samples 

We investigated biopsy specimens collected from 
43 patients who underwent gastrectomy in The Uni-
versity Hospital in Stara Zagora, Bulgaria between 
2007 and 2014. The tissue samples were collected 
in accordance with the ethical standards laid down 
in the 1964 Declaration of Helsinki. Twenty seven 
of the patients are male and sixteen female, with age 
range from 22 to 80 years (63.4 years mean). Some 
clinicopathological findings of patients were per-
formed (Table I). 

DNA extraction 

Genomic DNA was extracted from fresh tumor 
biopsy tissues using a genomic DNA purification kit 
(NucleoSpin Tissue, Macherey-Nagel, Duren, Ger-
many) and DNA from the controls was isolated from 
blood samples (NucleoSpin Blood L, Macherey-Na-
gel, Duren, Germany) according to manifacturer’s 
protocol. After that extracted DNA was stored at 
–80°C until further use. The concentration of re-
sulting DNA was measured spectrophotometrical-
ly at 260 nm by NanoVue TM Spectrophotometer 
(Healthcare, Buckinghamshire, UK). The ratio of 

absorptions at 260 vs. 280 nm was used to assess the 
purity of the DNA samples. 

Genotyping of TGFb1 -509 C>T polymorphism 
(rs1800469)

Genotyping was performed by PCR restriction 
length polymorphism (RFLP) assay. The PCR prim-
ers for amplification of the studied polymorphism 
were as follows: 5’-CAGTAATGTATGGGGTCG-
CAG-3’ (forward) and 5’-GGTGTCAGTGGGAG-
GAGGG-3’ (reverse). Sample DNA was amplified in 
20 ml of a reaction mixture, containing 1×PCR buf-
fer, 0.4 mmol/l of each primer, 0.2 mmol/l dNTPs, 
1.5 mmol/l MgCl2, and 1 U of Taq polymerase (Fer-
mentas Ltd). The PCR profile included initial dena-
turation at 94°C for 3 minutes, followed by 35 cycles 
of denaturation at 94°C for 1 minute, annealing at 
63°C for 1 minute, and extension at 72°C for 1 min-
ute. Final elongation was performed for 7 minutes at 

Table I. Clinical and morphological characteristics of the 
patients

Parameter Number (%)

Clinical data (n = 43)

Gender�
  Male�
  Female

27 (62.8)�
16 (37.2)

Age (years)�
  median �
  (range)

63.4�
(22-80)

T stage�
  T1-2�
  T3-4

8 (18.6)�
35 (81.4)

N stage�
  N0�
  N1-3

10 (23.3)�
33 (76.7)

Metastases�
  No�
  Yes

35 (81.4)�
8 (18.6)

Clinical stage�
  I�
  II�
  III�
  IV

3 (7.0)�
9 (20.9)�
18 (41.9)�
13 (30.2)

Histological data

Differentiation grade of tumor�
  low�
  moderate�
  high

30 (68.8)�
11 (25.6)�
2 (4.7)

Histological type�
  intestinal�
  diffuse

34 (79.1)�
 9 (20.9)
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72°C. PCR amplification was performed on QCycler 
(QuantaBiotech Ltd, UK).

Amplification was checked electroforetically on 
a  2% agarose gel. The PCR product was digest-
ed with 10U Eco81I in a  total volume of 20 ml of 
1xTango buffer (Fermentas Ltd) at 37°C overnight. 
The restriction yields two fragments of 117 bp and 
36 bp in the presence of the ancestral C-allele. The 
fragments were separated on a 3% agarose gel and 
stained with ethidium bromide (0.5 mg/ml). For all 
genotype analysis laboratory personal were blinded 
to subjects’ status; agarose restriction fragment gels 
were interpreted by at least two independent readers. 

In each PCR run, heterozygous control template 
and negative template controls were used to ensure 
accuracy.

Immunohistochemistry

Gastric cancer tissues from all 43 patients were 
analyzed immunohistochemically. Specimens were 
fixed in 10% buffered formalin, embedded in paraf-
fin and then cut to 4 µm thickness. Next step were 
dewaxed and endogenous peroxidase was blocked 
for 5 minutes with blocking reagent according to 
the protocol. Then the slides were washed 3 times 
with PBS and incubated with primary antibody for 
1 hour. Reactions were carried out with rabbit an-
ti-human TGF-β1 antibody (sc-146, Santa Cruz 
Biotechnology, USA) in a dilution 1 : 50 and rabbit 
anti-human TGFβRII antibody (sc-400, Santa Cruz 
Biotechnology, USA) in a dilution 1 : 50. After that 
slides washing 3 times the slides were incubated with 
detection system EnVision™ FLEX+, Mouse, High 
pH, (Link) (K8002, DAKO) and then washed again. 
In the last step probes were incubated with DAB 
substrate-chromogen and contra stained with May-
er’s hematoxylin. 

The analysis was performed according to the man-
ufacturer’s protocols and final score for TGF-β1 and 
TGFβRII expression were obtained according to im-
munostaining intensity in tumor epithelial cells and 
were designated as negative – score 0, or positive 1+.

Statistical analysis

The SPSS 19.0 software for Windows was used for 
statistical analysis. The descriptive statistical tests, 
including the mean, standard deviation, and median, 
were calculated according to the standard methods 
and program protocol. The frequency of distribution 
of immunohistochemical staining and the clinico-
pathological parameters in 2×2 contingency tables 
was analyzed by χ2-test. Survival was calculated from 
the date of operation to the date of death or of the last 
follow-up. Cumulative survival curves were drawn by 
the Kaplan-Meier method ant the difference between 
curves was analyzed by the log-rank test. For all sta-
tistical analysis, p < 0.05 was considered to be statis-
tically significant.

Results

Expression of TGF-β1 and TGF-β1-RII  
in tumor tissue and corellations with clinical 
and pathological factors

After immunohistochemical examination we 
found that 31 cases (72.1%) of GCs had cytoplas-
mic TGF-β1 expression and 12 (27.9%) were nega-
tive (Fig. 1A). Some of the normal epithelial and in-
flammatory cells also were marked by TGF-β1. The 
TGF-β1 receptor type II was expressed on tumor cell 
membranes in 25 (58.1%) of the cancers (Fig. 1B). 

Furthermore, we compared the cases on the base 
of expression of two markers, and found that TGF-β1 
positivity in tumor cytoplasm correlated with TGF-
β1-RII expression in tumor cytoplasm in 67.4% of 
cases (χ2 = 8.02; p = 0.005, data not shown in ta-
ble). Also, our results showed that patients with low 
and moderate tumor differentiation had TGF-β1-RII 
positivity in 53.3% and 81.8% resp. (χ2 = 6.58; p = 
0,037). In addition, we also observed a positive cor-
relation between TGF-β1- RII expression and stage 
– 56.3% of the patients in III and IV clinical stage 
were positive for TGF-β1-RII (χ2 = 6.81; p = 0,078, 
tendency). 

No correlation was observed between TGF-β1 and 
TGF-β1-RII expression and other clinicopathological 
factors (Table III). 

-509C>T TGF-b1 polymorphism correlations

After RFLP-PCR analysis of 43 cases of GCs, �
24 (55.8%) of the cases had genotype TC, 15 (34.9%) 
– CC, and the rest 4 cases (9.3%) had TT genotype 
(Fig. 2).

Table II. Distribution of the expression of immunohisto-
chemically markers and -509C/T polymorphism of TGF-β1

Parameter Number (%)

TGF-β 1 expression

Yes 31 (72.1)

No 12 (27.9)

TGF-β RII expression

Yes 25 (58.1)

No 18 (49.1)

-509C/T polymorphism of TGF-β1 

TC 24 (55.8)

CC 15 (34.9)

TT 4 (9.3)
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The analysis of genotype distribution of the 
-509C>T SNP in the promoter region of TGFb1- 
gene and clinical stage distribution revealed that 
among the 32 patients in III-IV clinical stage 53.1% 
were heterozygous (TC), 34.4% were homozygous 
for the C-allele and 12.5% were homozygous for the 
variant T-allele (χ2 = 3.31; p = 0.069) (Table III). 
No statistically significant correlation between geno-
type distribution and other parametrs was found.

Fig. 1. A) Tumor cells cytoplasm TGF-β1 expression in gastric cancer intestinal type (original magnification 200×); �
B) tumor cells membrane TGF-β1-RII expression in gastric cancer intestinal type (original magnification 200×)

A B

Table III. Correlations between TGF-β -509C/T polymorphism, TGF-β expression and its receptor – RII, and clinico-
morphologicaly factors

TGF-b1 polymorphism TGF-β1 expression TGF-β-RII expression

TC CC TT p Yes No p Yes No p

Tumor 0.603 0.282 0.782

T1-2 5 3 – 7 1 5 3

T3-4 19 12 4 24 11 20 15

Nodules 0.509 0.330 0.184

N0 6 4 – 6 4 4 6

N1-3 18 11 4 25 8 21 12

Metastases 0.201 0.839 0.782

M0 21 12 2 10 25 20 15

M1 3 3 2 6 2 5 3

Stage 0.069 0.405 0.078

I-II 7 4 – 9 2 7 4

III-IV 17 11 4 22 10 18 14

Differentiation 0.155 0.783 0.037

Low 16 11 3 22 8 16 14

Medium 11 3 1 8 3 9 2

Well 3 0 1 1 1 - 2

Histology type 0.976 0.214 0.560

Intestinal 19 12 3 26 8 19 15

Diffuse 5 3 1 5 4 6 3

Fig. 2 Representative image of TGF-β1 -509 C/T geno-
types

153 bp
115 bp
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Fig. 3. A) Survival analysis: TGF-β1 -509 C/T polymor-
phism (p = 0.024; log-rank test). B) Survival analysis: 
TGF-β1 (p = 0.076; log-rank test; NS). C) Survival anal-
ysis: TGF-β1- RII (p = 0.407; log-rank test; NS)
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Associations with patients’survival

Survival data were available for 29 patients. 
For analyzing the impact of TGF-β1, TGF-β1 

receptor type II expression and -509C>T TGF-b1 

SNP on the survival after surgery, the patient group 
was dichotomized according to expression in GCs tis-
sues and polymorphism genotyping. At the end of 
the follow-up, 10 (34.5%) of the patients survived, 
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with median survival period of 25.05 months (range 
from 0.3 to 60.1 months). 

With respect to the studied polymorphism it ap-
peared that the carriers of TT-genotype had the short-
est median survival compared to the carriers of the 
heterozygote genotype (CT) and the CC-genotype �
(p = 0.024, Log-rank test; Fig. 3A). After analysis of 
proteins expression we found that the survival time 
was shorter for the TGF-β1 and TGF-β-RII positive 
cases, compared with the survival time for negative 
GCs, although the differences did not reach statisti-
cal significance (p = 0.076 and p = 0.407 Log-rank 
test; Fig. 3B, C).

Discussion

As a socially significant disease affecting as much 
as 700 000 people worldwide every year [10], gastric 
cancer remains a huge challenge to researchers and 
intense efforts are put in identifying potential bio-
markers for detection and early diagnosis in order to 
be prolonged patients’ survival and chances for cure 
as prognosis is inversely related to the stage of the 
disease. 

According to our obtained data a  significant as-
sociation between the -509C>T SNP and the stage 
of the disease and survival in the patients’ group 
was observed, as well as between the expression of �
TGF-b1-RII and the differentiation stage of tumor. 
There was no significant association between the ex-
pression of TGF-b1 and other factors.

Also, our results indicate the involvement of 
TGF-β1 and other proteins of the TGF-β pathway at 
different gastric pathology. In metaplastic and dys-
plastic lesions the reactivity to TGF-β1 was more in-
tense than in normal mucosa, and also there was a re-
lation to the histological subtype of GC – a  strong 
reactivity both as intensity and number of positive 
cells, especially in the diffuse variant of this type of 
neoplasms [11]. 

In our previous work we have reported that the 
positive rate of TGF-β1 in intestinal type gastric can-
cers were significantly higher than those in diffuse 
type gastric cancers and it was lower in moderate and 
high differentiated tumors. Also, we concluded that 
the TGF-β1 positive patients had a  shorter median 
survival compared to TGF-β1-negative patients who 
underwent gastrectomry or curative resection. This is 
in agreement with our statement that upregulation 
of TGF-β1 is common in various types of cancer; it 
is not commonly regarded as a prognostic factor for 
survival [12]. 

TGF-β1 is a  strong immunosuppressive cyto-
kine produced by immune and non-immune cells, 
including tumor cells. Inhibition of TGF-β1 sig-
naling pathway has been reported to prevent pro-
gression and metastasis of certain advanced tumors 

[13, 14]. Together with its receptor TGF-β1 re-
ceptor type II, they have a pivotal role in the pro-
gression and survival of GC. Also, we found pub-
lished data that some tumors are refractory to the 
suppressive effect of TGF-β1 with the secretion of 
TGF-β1 [15]. Our results indicate a tendency be-
tween the expression of TGF-β1, TGF-β1-RII and 
a  shorter post-operative survival in gastric cancer 
patients which seems in accordance with the afore-
mentioned study. 

In addition, a  functional single nucleotide varia-
tion in position 509th of the promoter region of the 
TGF-b1 gene has been intensively studied in GC pa-
tients. This SNP has been reported to affect TGF-b1 
expression and consequently affect plasma concentra-
tions of circulating TGF-β1 [16] and has been related 
to clinicoptahological characteristics of GC patients 
in several studies [4, 17]. The molecular mechanism 
underlying the differential expression of TGF-β due 
to the -509C>T SNP has been elucidated in the 
study of Shah et al. [18]. The authors have demon-
strated that the activator protein 1 (AP-1) down reg-
ulates the transcriptional activity of the gene binding 
to the ancestral C-allele in the promoter of TGF-b1. 
Thus, the presence of the variant T-allele at 509th 
position has been associated with higher plasma con-
centrations of the TGF-β1 protein, especially among 
individuals homozygous for the T-allele than in het-
erozygotes.

Although the studies on the association between 
the TGF-b1 -509C>T SNP and GC risk are becom-
ing more prevalent, the results are conflicting and in-
conclusive. In a meta-analysis conducted by Li et al. 
the authors concluded that TGF-b1 T-allele is a sus-
ceptibility genetic factor for gastric cancer [3, 19]. 
Furthermore, the study have demonstrated that the 
TT-genotype was associated with increased GC risk 
in stages III and IV. In accordance with these data 
our results indicate that the carriers of the TT-geno-
type had shorter median survival then patients with 
TC- and CC-genotype. Additionally, we have found 
that patients in the III-IV stage of the disease are 
prevalently homozygous for the T-allele, than pa-
tients in stage I-II. Our results therefore support the 
thesis reported by several authors that once a tumor 
has developed, TGF-b1 promotes tumor growth, in-
vasion and metastasis, as well as inhibiting immune 
surveillance. 

Conclusively, our preliminary results indicate that 
the expression of TGF-β1, TGF-β1-RII and the TT- 
genotype of -509C>T polymorphism of TGF-b1 are 
related to shorter survival time and rapid progression 
for the GC patients suggesting a worse prognosis for 
those patients.

The authors declare no conflict of interest.
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