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Abstract

Although in the last decades the incidence of gastric cancer declined, at present it is ranked worldwide on the fourth place between all
human cancer pathology. Also, it has an aggressive behavior, the majority of patients being diagnosed in advanced stages. One of the key
factors to control survival improvement of those patients is to clarify the molecular mechanisms involved in initiation, progression, invasion,
and metastasis of gastric cancer. We thus investigated the immunoreactivity for TGF-β, TGFBR1, and Ki67 of 25 specimens of intestinal
gastric adenocarcinomas, and compared this with the correspondent reactivity for three specimens of diffuse gastric carcinomas; in the end,
we tried to establish a statistical correlation with major clinicomorphological parameters. As a result, we noticed that the highest reactivity
was present in the diffuse type compared with the intestinal variant, in which the TGF-β reactivity progressively increased along the
normal epithelium–intestinal metaplasia–dysplasia–carcinoma sequence. Also, we found for intestinal variant that TGF-β immunoreactivity
correlated significantly with tumor degree of differentiation and proliferative activity measured based on Ki67 immunoreactivity. In conclusion,
TGF-β is implicated in the progression of intestinal type of gastric adenocarcinomas and its immunoreactivity assessment for these targets
has a prognostic value.
Keywords: gastric adenocarcinomas, intestinal variant, TGF-β, TGFBR1, Ki67.

 Introduction
Over the past half century, the incidence of gastric
cancer declined, currently being ranked as the fourth
most common cancer worldwide with 930 000 cases being
diagnosed in 2002 [1]. It is more common in men and in
developing countries [1, 2]. In the United States, gastric
cancer is currently the 14th most common malignancy
[3], and for 2009 the American Cancer Society estimated
a number of 21 130 new cases (12 820 in men) and
about 10 620 deaths [4].
This lower incidence of gastric cancer is mainly due
to widespread use of refrigeration, which in turn led to:
increased consumption of fresh fruits and vegetables;
decreased intake of salt, and decreased contamination of
food by carcinogenic compounds arising from the decay
of unrefrigerated meat products. An additional factor
that may contribute to this is also a decrease in chronic
Helicobacter pylori infections, due in part to improved
sanitation and use of antibiotics, and in some countries
also following more intense screening programs [5].
However, gastric cancer remains the second most
common cause of cancer death worldwide after lung
cancer, with about 736 000 deaths in 2008 [6]. In
ISSN (print) 1220–0522

Western countries, gastric cancer remains difficult to
cure primarily due to advanced stages of the disease.
Even the patients who present in early stages of disease
have a six-month survival rate of 65% [6].
The recent years have been witnessed for progresses
in cancer therapeutics and chemotherapy development,
with improved survival periods for these patients [7, 8].
A new perspective in gastric cancer treatment follows the
introduction of new anti-target drugs based on a more
thorough understanding of molecular mechanisms of
cell-cycle deregulations in cancer.
In this regard, TGF-β signaling has been shown to
play important roles in the metastatic spread of cancer
cells [9–12], such as migration, invasion, and epithelialto-mesenchymal transition (EMT) [9, 13]. Therefore, the
TGF-β signaling had become an important therapeutic
target, and in the literature there are several reports of
such molecular targeted therapies relying on the interference with the adhesion [14, 15], proliferation [16, 17],
angiogenesis [14, 15] or invasion and metastasis [18, 19].
The objective of this study was to investigate with the
aid of immunohistochemistry the reactivity to TGF-β and
TGFBR1 of intestinal variant of gastric adenocarcinoma
ISSN (on-line) 2066–8279
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collected from patients aged 45–78 (average 59±3.8)
years that were predominantly men (male/female ratio
of 2.1:1). None of the patients received any adjuvant
treatment prior to surgery.
Tissue sections were fixed in 10% buffered formalin,
embedded in paraffin, sectioned at 4-μm and stained
with Hematoxylin and Eosin (HE). For each case, all
available HE stained slides were reviewed. The histopathological diagnosis confirmed that they were intestinal
type of gastric adenocarcinoma, and in terms of their
degree of differentiation most of them were well- and
moderately differentiated (10 and respective 12 cases).
According to the TNM Guidelines, most common tumors
were diagnosed in stage III (10 cases from which three
in substage IIIA, four in substage IIIB and three in
substage IIIC) and stage II (seven cases from which
three cases in substage IIA and four cases in substage
IIB) (Table 1).

and to analyze the correlation of these markers with the
clinicopathological parameters.
 Materials and Methods
We reviewed medical records from the Pathology
Laboratory of Emergency County Hospital of Craiova
and identified those patients who had been operated
for gastric adenocarcinoma of intestinal type, from 2010
through 2011.
As clinical data, we noted each patient’s age and
sex, and as pathological parameters we looked for the
histopathological variants (according to Lauren’s
classification: intestinal and diffuse) [20], histological
differentiation degree (according to WHO 2000 Classification: well, moderate, poor) [21], depth of invasion
(T1–T4), lymph node status, and TNM stage (according
to NCCN Clinical Practice Guidelines 2012) [22]. Thus,
we selected a total number of 25 tumor specimens

Table 1 – Variability of TGF-β, TGFBR1 and Ki67 immunoexpression with the clinicopathological parameters
Age
Histological Differential Depth of
Gender
[years]
type
degree
invasion
53
F
IN
WD
T1

Lymph node
TGF-β TGF-β TGFBR1 TGFBR1 Ki67 Ki67
Stage
status
[%] (values)
[%]
(values) [%] (values)
(-)
IA <10 (-)
2.7
>10 (+)
79
LP
8.7

51

F

IN

WD

T1

(-)

IA

<10 (-)

4.9

>10 (+)

84

LP

9.1

45

F

IN

WD

T1

(+)

IB

<10 (-)

5.9

>10 (+)

71

LP

16.5

38

M

IN

WD

T2

(-)

IB

>10 (+)

19.6

>10 (+)

86

LP

17.5

48

M

IN

WD

T2

(-)

IB

>10 (+)

19.1

>10 (+)

65

LP

19.5

46

M

IN

WD

T2

(+)

IIA

<10 (-)

7.16

>10 (+)

88

HP

36.2
18.3

40

M

IN

MD

T2

(+)

IIA

<10 (-)

5.8

>10 (+)

72

LP

54

M

IN

WD

T3

(-)

IIA

<10 (-)

6.3

>10 (+)

61

LP

19.3

56

F

IN

MD

T3

(+)

IIB

<10 (-)

5.7

>10 (+)

57

HP

24.7

58

M

IN

WD

T3

(+)

IIB

<10 (-)

7.3

>10 (+)

51

LP

18.5

60

M

IN

MD

T3

(+)

IIB

>10 (+)

31.2

>10 (+)

37

HP

31.5

75

F

IN

WD

T4a

(-)

IIB

>10 (+)

27.4

>10 (+)

38

HP

24.8

66

F

IN

WD

T3

(+)

IIIA

<10 (-)

8.3

>10 (+)

49

HP

33.7

68

M

IN

PD

T3

(+)

IIIA

>10 (+)

64.2

>10 (+)

57

HP

37.5

57

M

IN

MD

T4a

(+)

IIIA

>10 (+)

25.6

>10 (+)

45

HP

39.4

68

M

IN

MD

T3

(+)

IIIB

>10 (+)

31.2

<10 (-)

7.3

HP

41.3

68

F

IN

PD

T3

(+)

IIIB

>10 (+)

58.7

<10 (-)

9.6

HP

36.8

68

M

IN

MD

T4b

(+)

IIIB

<10 (-)

9.1

<10 (-)

6.3

HP

38.3

68

M

IN

MD

T4b

(+)

IIIB

>10 (+)

33.4

>10 (+)

39

HP

34.7
28.7

68

M

IN

MD

T4b

(+)

IIIC >10 (+)

26.7

>10 (+)

22.6

HP

68

M

IN

MD

T4b

(+)

IIIC >10 (+)

33.4

<10 (-)

9.3

HP

21.6

68

F

IN

MD

T4b

(+)

IIIC >10 (+)

40.3

>10 (+)

76

HP

32.5

68

M

IN

PD

T4b

(+)

IV

>10 (+)

71.4

>10 (+)

61

HP

57.3

68

M

IN

MD

T4b

(+)

IV

>10 (+)

47.6

>10 (+)

31.5

HP

42.8

68

M

IN

MD

T4b

(+)

IV

>10 (+)

51.3

<10 (-)

7.4

HP

44.3

68

F

D

PD

T3

(+)

IIIB

>10 (+)

86.4

>10 (+)

52

HP

33.4

68

M

D

PD

T4a

(+)

IIIC >10 (+)

72.3

>10 (+)

44.6

HP

31.2

68

M

D

PD

T4b

(+)

IIIC >10 (+)

67.8

>10 (+)

39.3

HP

24.9

IN – Intestinal variant; D – Diffuse variant; WD – Well-differentiated; MD – Moderate differentiated; PD – Poor differentiated; LP – Low
proliferative; HP – High proliferative.

Immunohistochemistry was performed on 4-μm
sections from one selected block for each case. The
sections were deparaffinized in xylene, dehydrated in
ethanol, and immersed in distillated water containing
3% hydrogen peroxide for 30 minutes to block

endogenous peroxidase activity. Then we performed an
antigen-unmasking step by 20 minutes heat induced
epitope retrieval in DakoCytomation Target Retrieval
solution, code S1700. Subsequently, the unspecific
binding sites were blocked with a 5% Bovine serum
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albumin (BSA) in PBS for one hour. Briefly, the
primary antibodies were used at a dilution of 1:1000
for TGF-β (Mouse monoclonal, TB21, AbD Serotec,
Albedo, Romania – code MCA797T), 1:300 for TGFBR1
(Rabbit polyclonal, T-19, Santa Cruz Biotechnology,
Redox, Romania – code sc-402) and 1:50 for Ki67
(Mouse monoclonal, Mib-1, Dako, Redox, Romania –
code M7240); incubating the slides overnight at 40C.
The primary antibodies were amplified with biotinylated
species-specific secondaries and a LSAB2 (Dako,
Redox, Romania – code K0675) system. Visualized was
done with 3,3’-diaminobenzidine (DAB) (Dako, Redox,
Romania – code K3468). For counterstaining, we used
Mayer’s Hematoxylin. Negative-control stainings were
done by omitting the primary antibodies. In parallel, to
increase the accuracy of immunohistochemical investigations, we have studied in the same conditions as those
specified above other three cases of gastric carcinoma of
diffuse type, and compared the results of these investigations.
Immunostaining assessment for TGF-β and TGFBR1
was done by the same algorithm used by several authors
in previous studies [10, 11, 23]. The stained sections
were screened with an objective ×10 under a Nikon
Eclipse 55i microscope (Nikon, Apidrag, Bucharest)
equipped with a 5-megapixel cooled color CCD camera
and the Image ProPlus AMS7 software (Media
Cybernetics Inc., Buckinghamshire, UK), to identify the
regions with the highest staining intensity. A total of
1000 cells were counted in these areas with an objective
of ×40, and the average number of positive cells was
recorded.
The threshold for differentiating between final
positive and negative immunostaining was set at
10%, deciding thus that a cases was positive if the
cytoplasmic TGF-β and TGFBR1 reactivity was present
in more than 10% of the tumor cells, and negative if
staining was present in less than 10% of the tumor cells.
We preceded in the same manner to asses the Ki67
tumor reactivity and dividing the cases in low and high
proliferating choosing 10% positive nuclei of tumor
cells as the cutoff level.
Each lesion was examined and scored separately by
two pathologists, and cases with discrepant scores were
reevaluated to achieve a consensus score.
A chi-square test was used to search for significant
differences between variate categorical groups of the
sampled data. A p-value <0.05 was required for statistical significance, and all tests were two-tailed. All tests
were done with Excel program (Microsoft Office, version
2003).
 Results
TGF-β1 immunoreactivity in the normal
stomach, intestinal metaplasia and dysplastic
lesions
Normal gastric mucosa expressed TGF-β1 especially
in the cytoplasm of acid-secreting parietal cells (Figure 1,
A and C). Also, some surface mucus-secreting cells and
cells from the gastric pits presented TGF-β1 reactivity
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(Figure 1, E and G). The TGFBR1 reactivity tended to
be distributed concomitantly with TGF-β1, targeting the
membrane and cytoplasm of chief cells from the neck
and deeper region of the gastric glands (Figure 1, B and
D). The same reactivity was noticed in mucus secreting
cells from the surface and gastric pits (Figure 1, F and
H).
In addition, in those cases associated with chronic
gastritis, we observed only TGF-β1 reactivity in the
cytoplasm of inflammatory cells, especially in plasma
cells (Figure 1I). Moreover, only TGF-β1 was also
positive in the endothelial cells of blood vessels from
within the full thickness of the gastric wall (Figure 1,
I and J).
In intestinal metaplasia and dysplastic lesions, the
reactivity to TGF-β1 and TGFBR1 was more intense
than in normal mucosa, especially in the cytoplasm of the
goblet cells (Figure 1, E and F) and mucosal epithelial
cells from the gastric pits and the neck of the glands
(Figure 1, K and L).
TGF-β1 immunoreactivity in the tumoral
specimens
TGF-β1 expression was detected in 15 intestinaltype of gastric adenocarcinomas (60%), while TGFBR1
was present in 20 tumors (80%). All three cases of
diffuse gastric carcinomas were positive for both TGF-β1
and TGFBR1.
Related to the histological subtype of gastric adenocarcinoma, our investigation showed a strong reactivity
both as intensity and number of positive cells, especially
in the diffuse variant. Both TGF-β1 and TGFBR1
reactivities were present in all three investigated cases
of diffuse gastric carcinomas, the strongest reactivity
been observed in scattered carcinomatous cells (Figure 2,
A and B), including neoplastic signet-ring cells (Figure 2,
C and D). In the lymph node metastasis, TGF-β1
(Figure 2E) reactivity was lower, but the TGFBR1 was
increased (Figure 2F).
In those 15 intestinal gastric adenocarcinomas that
were positive for TGF-β1, we observed a progressive
increase of reactivity with the decreasing degree of
differentiation (Figure 3, A, C, and E). The highest
reactivity was noticed in poor differentiated intestinal
adenocarcinomas, especially at the invasive front. This
difference was statistically significant, χ2(2, N=25)=
6.87, p=0.032 (Figure 4A). Overall, regarding TGFBR1
immunostaining, we observed that well-differentiated
intestinal adenocarcinomas had the highest reactivity
(Figure 3, B, D, and F), but without any statistical
significance, χ2(2, N=25)=4.16, p=0.125.
Also, in respect to the depth of invasion, we observed
some qualitative differences in TGF-β1 reactivity, but
without any statistical significance χ2(4, N=25)=8.85,
p=0.065. Thus, while in well-differentiated intestinal
tumors the TGF-β1 reactivity had a tendency to decrease
from mucosa to the invasion front (Figure 5, A and C),
in poor differentiated tumors, the highest reactivity was
noticed at the invasion front (Figure 5, E and G). For
TGFBR1 reactivity, we did not observe any differences
with the invasivity status and the degree of tumor
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differentiation, χ (4, N=25)=8.85, p=0.419 (Figure 5, B,
D, F, H).
In what it regards the other clinicopathologic parameters, we noticed that TGF-β1 and TGF-β1 reactivity
did not differ for groups of age, sex, and lymph node
status or tumor stage {χ2(7, N=25)=12.15, p=0.096;
respectively χ2(7, N=25)=11.97, p=0.101}.
Independent of tumor degree differentiation, the
lymph node metastasis and lymphatic invasion were
TGF-β1 positive in only eight cases (32%), but the
TGFBR1 immunostaining was observed in 21 cases
(84%) (Figure 5I). In addition, the TGF-β1 reactivity was
observed in cancer-associated fibroblasts, especially in
poor differentiated intestinal adenocarcinoma and in
diffuse adenocarcinoma tumors.
Regarding Ki67 immunostaining, we established that
tumor reactivity had significant statistical differences

for the groups of tumor degree of differentiation
{χ2(2, N=25)=11.13, p=0.004}; the highest proliferate
rate being in poor differentiated intestinal tumors –
Figure 4B}, the groups of invasion depth {χ2(4, N=25)=
14.6, p=0.005, the highest proliferate rate being at the
invasion front}, and of the tumor stage {χ2(7, N=25)=
18.49, p=0.010, the highest proliferate rate being in
stage IIIB – Figure 4C}.
In an attempt to find differences between the
reactivity of the three used markers, statistical testing
indicated the existence of only one significant difference,
namely between TGF-β1 reactivity and Ki67 immunostaining groups {χ2(1, N=25)=6, p=0.014, Figure 4D}.
This graph indicated a gradual increase of TGF-β1
reactivity in intestinal gastric carcinoma with increasing
Ki67 proliferation rate above 20%.

Figure 1 – Normal gastric mucosa – TGF-β and TGFBR1 immunoreactivity: (A–D) Positive reactions in the chief
cells from the neck and deeper gastric glands region, ob. ×20; (E–H) Positive reactions in mucus secreting cells from
the surface and gastric pits, and from intestinal metaplasia, ob. ×20; (I and J) TGF-β positive reactions in
inflammatory cells (plasma cells) and blood endothelial cells from gastric mucosa, ob. ×40/×20; (K and L) Positive
reactions in mucus secreting cells from dysplastic gastric lesions, ob. ×10.
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Figure 2 – Diffuse gastric adenocarcinoma – TGF-β and TGFBR1 immunoreactivity: (A and B) Positive reactions in
cytoplasm/membrane and cytoplasm of scattered carcinomatous cells, ob. ×10; (C and D) Positive reactions in
cytoplasm/membrane and cytoplasm of neoplastic signet-ring cells, ob. ×40; (E and F) Positive reactions in
cytoplasm/membrane and cytoplasm of carcinomatous cells from a lymph node metastasis, ob. ×20.

Figure 3 – Intestinal gastric adenocarcinoma – TGF-β and TGFBR1 immunoreactivity: (A and B) Positive reactions
in cytoplasm/membrane and cytoplasm of carcinomatous cells from well-differentiated variant, ob. ×20/×10.
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Figure 3 (continued) – Intestinal gastric adenocarcinoma – TGF-β and TGFBR1 immunoreactivity: (C and D) Positive
reactions in cytoplasm/membrane and cytoplasm of carcinomatous cells from moderate differentiated variant, ob. ×10;
(E and F) Positive reactions in cytoplasm/membrane and cytoplasm of carcinomatous cells from poor differentiated
variant, ob. ×20.

A

C

B

D

Figure 4 – Statistical χ2 test
– exploring the difference
between TGF-β and Ki67
immunoreactivity and major
clinicomorphological
parameters of intestinal
gastric adenocarcinoma
(p-significant at <0.05):
(A) Significant differences
between the different
degrees of differentiation
based on TGF-β reactivity;
(B) Significant differences
between the different
degrees of differentiation
based on Ki67 reactivity;
(C) Significant differences
between the different
invasion depths based on
Ki67 reactivity;
(D) Significant differences
between the TGF-β and
Ki67 reactivity-based
groups.
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A

Figure 5 – Intestinal gastric adenocarcinoma – variation of TGF-β and TGFBR1 immunoreactivity according to the
depth of invasion and degree of differentiation: (A and B) Positive reactions in well-differentiated variant with
submucosa invasion, ob. ×20; (C and D) Positive reactions in well-differentiated variant with invasion in muscularis
propria, ob. ×10; (E and F) Positive reactions in poor differentiated variant with invasion in muscularis propria,
ob. ×10; (G and H) Positive reactions in poor differentiated variant with invasion in serosa, ob. ×4/×10; (I) Positive
reaction to TGFBR1 in tumoral emboli from the serosa lymphatic vessels, ob. ×40.

 Discussion
Patients with gastric cancer continue to have a poor
prognosis especially if in the case of a late presentation
at diagnosis with loco-regionally advanced disease and
distant metastases [24]. In addition, this type of cancer
has an aggressive behavior reflected in an early spread
to lymph nodes, even at locations distant from the site
of the primary tumor. Thus, to improve the survival of
these patients, a better understanding of gastric carcinogenesis is still needed, which in turn will contribute
to the development of rationally designed molecular
targeted therapies, that will interfere with the signaling
cascades involved in cell differentiation, proliferation
and survival [25]. Moreover, it seems that there are
substantial differences in the pathways leading to
intestinal- and diffuse types’ gastric carcinoma [26, 27].
In this line, TGF-β could have a key role in gastric
adenocarcinoma tumorigenesis, progression, invasion
and metastasis. This cytokine is part of a superfamily of
25 kD homodimeric multifunctional regulatory peptides
known as the transforming growth factor beta superfamily, which includes inhibins, activin, anti-Müllerian
hormone, bone morphogenetic protein, decapentaplegic
and Vg-1 [28]. TGF-β exists in human as at least three
isoforms called TGF-β1, TGF-β2 and TGF-β3, with

TGF-β1 being the predominant form. TGF-β1 is a multifunctional cytokine with unique and potent properties in
the maintenance of normal immunological homeostasis
[29] and modulation of cell growth, apoptosis and
differentiation of intestinal epithelial cells [30, 31].
In addition, TGF-β1 is also involved in the replicative
senescence, genomic stability, a negative angiogenic
regulator profile and cellular immortalization [32, 33].
The TGF-β1 signal is transduced by a membrane-bound
serine/threonine kinase receptor complex, including
TGF-b type I and II receptors [34].
As Naef M et al. [35], we also observed TGF-β1
immunoreactivity in the cytoplasm of parietal cells,
especially at the isthmus of the normal gastric glands.
In addition, the authors mentioned above noticed that
TGF-β2 was present exclusively in the cytoplasm of the
chief cells, while TGF-β3 immunoreactivity was present
in the cytoplasm of parietal, chief and mucus-secreting
cells [35]. Somewhat similar results were also obtained
by Kai T et al., which demonstrated reactivity of
the gastric glands for all three TGF-β isoforms and
TGFBR1 and TGFBR2 receptors, but none of them was
detectable in surface mucous cells [36]. On the contrary,
Maehara Y et al. noticed that normal gastric epithelium
shows no staining what so ever or only weak reactivity,
whereas cancer cell reactivity was prominent [37]. Also,
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Vagenas K et al. observed that normal gastric mucosal
epithelial cells expressed TGF-β2 and TGF-β3, but not
TGF-β1 [38]. Regarding the potential roles of TGF-βs
in the normal gastric mucosa, it was suggested that it
may participate in the autocrine and paracrine regulation
of gastric mucosal functions, and that some aspects of
this regulation may be TGF-β isoform-specific [35].
Moreover, Mishra L et al. raised the hypothesis that
TGF-β and Wnt proteins are key morphogens that
ultimately influence cell division and cell fate, so
that gut endodermal stem cells enter the cell cycle,
and undergo cell division that ultimately leads to
differentiated cells such as gastric parietal cells [39].
Thus, disruptions and errors in this process can lead to
gastric adenocarcinomas.
The implication of TGF-βs and its receptors in gastric
carcinogenesis was demonstrated by Kim SH et al.,
which noticed a continually TGF-β1, -β2, and TGFBR1
increasing expression along the normal epithelium–
atrophic gastritis–dysplasia–carcinoma sequence [40].
Also, TGFBR2 expression was enhanced in dysplasia
and the enhancing rate was maintained in carcinoma.
The authors concluded that chronic atrophic gastritis
and dysplasias epithelia may try to counteract various
cell proliferation stimuli by activation of the TGFB1
signaling. Similar results in TGF-β1 and TGFBR1
reactivity on metaplastic and dysplastic lesions were
obtained by us.
Our results are generally well consistent with previous
studies. Most authors have reported a variable TGF-β1
immunoreactivity in gastric carcinomas, ranging from
22.8% to 73.8% [11, 23, 37, 38, 41–43]. The highest
percentage of positivity was obtained by Ananiev J
et al. (73.8%) who investigated 42 specimens of gastric
carcinomas, and by Vagenas K et al. (71%) who studied
110 gastrectomy specimens obtained from equal number
of patients with gastric cancer. The lowest percentage of
positivity was recorded by Saito H et al. (22.8%) who
investigated TGF-β1 immunoreactivity in 101 patients
with gastric carcinoma. Our investigation proved a 60%
positive mucinous gastric adenocarcinoma to TGF-β1
and 80% positive cases for TGFBR1 marker.
Regarding TGF-β1 immunoreactivity in different
histological subtypes of gastric carcinoma, the results
are uncertain. So, if Ananiev J et al. and Zolota V et al.
observed that carcinomas of the intestinal type were
more frequently positive for TGF-β1 when compared to
the diffuse type ones, on the contrary Kai T et al.
noticed a strong staining for TGF-β1 only in diffusetype carcinoma, especially in that carcinoma cells that
are scattered as single cells or as small nests [23, 36,
41]. Our results showed a positive reaction for both
markers (TGF-β1 and TGFBR1) in al three cases of
diffuse gastric adenocarcinomas, but in 25 cases of
intestinal type, the reactivity for TGF-β1 was heterogeneous, varying with the degree of differentiation and
dept of invasion.
Conflicting data have been obtained in terms of
correlation between TGF-β1 expression and the degree
of tumor differentiation [11, 37, 38, 43]. Thus, while
some authors recorded a higher TGF-β1 expression in
differentiated than in undifferentiated gastric carcinomas

[11, 38] other investigators noticed that TGF-β1 reactivity
in gastric cancer did not depend on differentiation
[37, 43]. In addition, Ito et al. found that TGF-β1
expression was higher in gastric high-grade malignancy
lesions [44]. We found that TGF-β1 expression was
significantly higher for decreasing degrees of tumor
differentiation.
Literature data indicate that the TGFBR1 immunoreactivity in gastric cancer has the same variability as
TGF-β1 expression [16, 44, 45]. According to Guo W
et al., TGFBR1 was expressed in 27.3% of gastric
carcinoma specimens, while Tateishi M et al., recorded
32% positivity. Ito M et al. showed a reduction of
TGFBR1 level in 82% of investigated gastric carcinomas
[44]. Our results showed that positive intestinal cases
did not present reactivity variation with the degree of
differentiation or depth of invasion. Kai T et al. observed
that diffuse-type carcinoma showed stronger receptor
staining than intestinal-type carcinoma [36]. Accordingly,
Shinto O et al. recorded a high expression levels of
TGFBR1 and TGFBR2 in scirrhous gastric cancer cells,
but not in non-scirrhous gastric cancer cells [18].
Most of the studies showed a significant correlation
of TGF-β1 reactivity with progression and prognosis in
primary gastric cancers [10, 31, 37, 38]. Saito H et al.
(1999) showed that nodal involvement correlated
with TGF-β1 mRNA expression in early and advanced
carcinomas. This is supported by the observation of
Maehara Y et al., according to which TGF-β1 expression
in gastric cancer cells was closely related to the higher
rate of lymph node metastasis [37]. The authors
concluded that the preferential expression of TGF-β1 in
lymph node metastases suggests a clonal selection of
tumor cells with TGF-β1 expression, specific for the
higher potential of lymph node metastasis in tumor
advance, and that TGF-β1 has a role in the malignant
progression of gastric cancer. More recently, Yu JX
et al. reported that TGF-β1 was highly expressed in
gastric carcinoma tissues with lymph node metastasis
and distant metastasis [42]. In our investigation, we
did not find any difference between TGF-β1 reactivity
classified for the depth of invasion or lymph node
status.
The literature data about correlations between TGF-β1
expression and tumor stage are contradictory [11, 23,
38]. While Saito H et al. (1999) showed that TGF-β1
expression was significantly correlated with the depth of
invasion and the stage of the disease, Zolota V et al.
(2002) and Vagenas K et al. (2007) did not show any
correlation between TGF-β1 expression and tumor stage.
As concerning TGF-β1 receptors, Guo W et al. found a
decrease of TGFBR1 expression in advance stages (III
and IV) than early stages (I and II). Kim SH et al.
observed that TGFB, TGFBR1, and MYC were
significantly enhanced in cases of deep tumor invasion
[40]. Our study revealed that there was a difference in
the disease status only for the Ki67 reactivity classifier
but not for TGF-β1 or TGFBR1.
Several studies have showed that an important role
in gastric tumor progression and invasion is played
by cancer-associated fibroblasts, especially through
TGF-β1 production [46–50]. This fact is more obvious

Immunohistochemical expression of TGF beta (TGF-β), TGF beta receptor 1 (TGFBR1), and Ki67 in intestinal…

in scirrhous gastric cancer [49, 51–53]. Moreover,
Mutoh H et al., proved that TGFBR1 was expressed by
the stromal myofibroblasts of both intestinal metaplastic
mucosa and gastric carcinoma from the stomach of
Cdx2-transgenic mouse model. The TGF-β1 reactivity
in stromal fibroblast was revealed in our study only in
poor differentiated intestinal variant and in the diffuse
gastric adenocarcinoma type [54].
Nakamura M et al. reported that TGF-β1 is related
to prognosis and this factor constitutes an independent
prognostic factor [46], while TGF-β1 mRNA in biopsy
specimens is related to patient’s outcome and may be a
new prognostic tool [47]. In lines with these data,
Vagenas K et al., found that TGF-β1 expression is an
independent prognostic factor in patients with gastric
carcinoma who underwent gastrectomy [38].
 Conclusions
We have shown that TGF-β1 has an active role in
progression of intestinal-type of gastric adenocarcinomas
as its reactivity progressively increased along the normal
epithelium–intestinal metaplasia–dysplasia–carcinoma
sequence. Also, determination of TGF-β1 reactivity has
a prognostic value, considering the fact that its tissue
level statistically correlated with the tumor degree of
differentiation and proliferative activity measured by
Ki67.
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