
 108

한병리학회지: 제 37 권 제 2 호 2003

The Korean Journal of Pathology. 2003; 37: 108-14 

Background : Many works have been written about the transforming growth factor-beta 1
(TGF- 1) which is closely associated with fibrosis in the inflammatory conditions of different

organs. TGF- 1 exerts its biological effects by interacting with specific cell surface
receptors, namely, transforming growth factor-beta receptor type I and II (TGF RI and
TGF RII). Methods : To investigate the temporal expressions and localizations of
TGF- 1, TGF RI, and TGF RII in acetic acid-induced duodenal ulcerated tissues, we per-
formed in situ hybridization and immunohistochemical techniques. Results : Under in situ
hybridization, TGF- 1, TGF RI, and TGF RII mRNA signals increased in the experimental
groups (1, 3, 7, and 14 day groups) compared to those of the control group. The signals on
day 14 decreased slightly compared to those of days 1, 3, and 7, but they were higher than
those of the control group. Under immunohistochemical study, TGF- 1, TGF RI, and
TGF RII were localized in the mucosal epithelial cells and in the macrophages, vascular
endothelial cells, and fibroblasts of the lamina propria and granulation tissue. As in the case of
the in situ hybridization, it revealed that the expression of three proteins increased in the
experimental groups compared to that of the control group. The expression on day 14
decreased compared to those of days 1, 3, and 7, but it was more intense than that of the
control group. Conclusions : This study suggests that TGF- 1, TGF RI, and TGF RII
contribute to the early stage healing of duodenal ulcer.
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The healing of gastric or duodenal ulcer requires complete
epithelial covering and submucosal tissue restitution. Histologi-
cal examination reveals infiltration by granulocytes, fibroblasts,
macrophages, and other lymphoid cells into the granulation
tissue at the bottom of the ulcer, as well as an increase in connec-
tive tissue. Various growth factors such as the epidermal growth
factor, the basic fibroblast growth factor, and the hepatocyte
growth factor, are assumed to play an important role in epithelial
cell migration or proliferation or in angiogenesis during gastric
ulcer healing.1-3 However, the precise mechanism of gastric ulcer
healing by these agents remains to be determined. 

There are many works about transforming growth factor-beta
(TGF- ) which are closely associated with fibrosis in inflam-
matory conditions of different organs. Recent in vitro evidence
shows that TGF- 1 contributes to wound healing by regulat-
ing the migration, proliferation, and differentiation of various
cells and by stimulating the synthesis of extracellular matrix
proteins.4-7 Furthermore, in vivo studies show that TGF- 1

accelerates the healing of experimental dermal ulcer and inci-
sional dermal wounds.8,9 There have been, however, no studies
conducted on TGF- 1 in duodenal ulcer healing.

The three mammalian TGF- isoforms (TGF- 1, - 2, and
- 3) are approximately 25 kDa proteins that are composed of
two identical or nearly identical subunits of 11-12 kDa linked
by disulfide bonds.10 They exert their function after binding to
specific transmembrane TGF- receptors. For signal transduc-
tion, TGF- receptor type I (TGF RI) and TGF- receptor
type II (TGF RII) must be simultaneously present.11 TGF-
binds directly to TGF RII, which is an active serine/threonine
kinase. This complex is then recognized by TGF RI and becomes
phosphorylated by TGF RII, allowing TGF RI to propagate
the signal to downstream substrates.11

Few studies have examined the TGF RI and TGF RII as well
as TGF- 1 in the duodenal ulcer injury or healing process. Thus,
the aim of the present study was to investigate the temporal
expression and localization of TGF- 1, TGF RI, and TGF RII
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during the development or healing of the duodenal ulcer lesion.

MATERIALS AND METHODS

Animal Model and Experimental Protocol

Fifty male Sprague-Dawley rats (Daehan Biolink, Eumsung,
Korea), weighing 180-200 g, were used in this study. The ani-
mals were given standard rat chow and water ad libitum. They
were kept in cages with raised mesh bottoms to prevent copro-
phagy. Duodenal ulcers were produced in rats according to the
method of Okabe et al.12 In brief, the rats in the experimental
group underwent laparotomies under anesthesia by intraperi-
toneal administration of pentothal sodium. A round plastic mold
(4 mm in diameter) was placed tightly on the serosal surface of
the duodenum of each rat. Acetic acid (95%, 0.05 mL) was poured
into the mold and allowed to remain on the duodenal wall for
30 sec. After the solution was removed and the surface of the
treated area was wiped with absorbent paper, the abdomen was
closed. For the control group, the rats underwent laparotomies
under anesthesia and their abdomens were closed without the
above treatment given to the rats in the experimental group
(Sham-operated rats). All rats were made to fast for 24 hr before
and after the operations. There were five groups, including the
control group, with 10 rats each, all killed at 1, 3, 7, and 14
days following serosal acetic acid application. To examine the
ulcers, the duodenum and stomach of each animal was dissected
out as a single unit, and then was opened along the opposite side
of the mesenteric attachment of the duodenum and the greater
curvature of the stomach to examine ulcers. Tissue samples were
put into diethyl pyrocarbonate (DEPC)-treated 10% neutral
buffered-formalin solutions for histological examination.

In situ Hybridization

Tissue detection of the mRNAs for TGF- 1, TGF RI, and
TGF RII was performed using in situ hybridization. Paraffin-
embedded sections and digoxigenin labeled mRNA probes were
used. The TGF- 1 anti-sense RNA probe was generated from
linearized pBluescript II KS+ plasmid (Stratagene, La Jolla, USA)
which contains a BamH I-EcoR I fragment corresponding to
nucleotides 1393 through 1582 of the TGF- 1 cDNA. The
TGF RI anti-sense RNA probe was generated from linearized
pBluescript II KS+ plasmid (Stratagene, La Jolla, USA) which
contains a BamH I-EcoR I fragment corresponding to nucleotides

883 through 1471 of the TGF RI cDNA. The TGF RII anti-
sense RNA probe was generated from linearized pBluescript II
KS+ plasmid (Stratagene, La Jolla, USA) which contains a
BamH I-EcoR I fragment corresponding to nucleotides 356
through 790 of the TGF RII cDNA. Digoxigenin-labeled RNAs
were synthesized using a DIG RNA labeling kit (Boehringer
Mannheim, Indianapolis, USA). In situ hybridization was per-
formed according to a modified version of the protocol previously
reported. Briefly, several consecutive intestinal tissue sections
were fixed in DEPC-treated 10% formalin and embedded in
paraffin. The tissue sections (4 m) were deparaffinized, rehy-
drated with 1 X Tris-buffered saline (TBS), and incubated first
in pepsin solutions for 5 min at room temperature. After being
washed, the samples were prehybridized at 57℃ for at least 2 hr
in 50% formamide (vol/vol), 4 X SSC/5 mM EDTA, 2 X Den-
hardt’s reagent, and 500 g RNA/mL. Hybridization was per-
formed overnight at 57℃ in a 50% formamide (vol/ vol), 4 X
SSC/5 mM EDTA, 2 X Denhardt’s reagent, 500 g RNA/mL,
and 10% dextran sulfate (v/v). After being hybridized, excess
probes were removed by washing in a 0.2 X stringent wash buffer
(DAKO, Carpinteria, USA) at 55℃ for 40 min. After being
washed in the 0.2 X stringent wash buffer (DAKO, Carpinteria,
USA) under stringent conditions, the tissue sections were incu-
bated with an antidigoxigenin antibody conjugated with alka-
line phosphatase (Boehringer Mannheim, Indianapolis, USA).
For color reaction, 5-bromo-4-chloro-3-indolyl phosphate and
nitro blue tetrazolium (DAKO, Carpinteria, USA) were used.

Pretreatment of the slides with RNAs abolished the hybridiza-
tion signal produced by the antisense probe. Further, hybridiza-
tion with the sense probe corresponding to the antisense probe
failed to produce an in situ hybridization signal.

Immunohistochemical Staining

The immunoperoxidase method, using the avidin-biotiny-
lated horseradish peroxidase complex (DAKO LSAB, Los Angeles,
CA), was carried out. Sections of 4 m thick sections were cut
from the formalin-fixed paraffin-embedded tissue blocks. After
deparaffinization, the sections were incubated in methanol con-
taining 0.3% hydrogen peroxide at room temperature for 30
minutes to block endogenous peroxidase; and then the microwave
antigen retrieval procedure in 0.01 M sodium citrate buffer (pH
6.0) was performed. The sections were incubated with normal
goat serum at room temperature for 10 min to block nonspecific
staining and then were incubated for 2 hr at room temperature
with TGF- 1, TGF RI, or TGF RII (Santa Cruz Biotechnol-
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ogy, Santa Cruz. USA cat. #SC-146, #SC-398, #SC-400). After
being washed, the sections were incubated with a biotin-conju-
gated secondary antibody at room temperature for 30 min and
finally with peroxidase-conjugated streptavidin at room tem-
perature for 20 min. Peroxidase activity was detected with the
enzyme substrate 3-amino-9-ethyl carbazole.

To ensure antibody specificity, the control slides were incu-
bated in the absence of primary antibody and no immunostain-
ing was detected.

RESULTS

Pathological Findings

All of the animals survived the surgeries, and they were sac-
rificed in equal-sized groups according to the described time
points. There were no ulcer perforations at the time of sacrifice.
At 1 and 3 days after the laparotomies, most of the lesions were
covered with yellow necrotic debris and a few were hemorrhag-
ic (Fig. 1A). At 1 week after surgery, the lesions were distinct,
but they had decreased in size. At 2 weeks after surgery, no ulcera-
tive lesions were discovered in all 10 animals. Microscopically,
at 1 and 3 days, the ulcer floor was occupied by necrotic debris
and inflammatory cells; and inflammation had begun to spread
through the muscularis propria (Fig. 1B). On day 7 the inflam-
mation was less intense, and an abundant amount of granula-
tion tissue had formed (Fig. 2A). Two weeks after the applica-
tion of acetic acid on the serosa, most of the ulcer lesions were
covered with mucosa, and fibrosis abutting small areas of the
granulation tissue was present (Fig. 2B).

In situ Hybridization

In situ hybridization was performed to determine the expres-
sion levels and exact sites of TGF- 1, TGF RI, and TGF RII
mRNA production in the tissue samples. The hybridization
signal was examined by 3 pathologists independently. The sig-
nal intensity was classified as negative (-), weakly positive (+),
moderately positive (++), and strongly positive (+++).

In normal duodenum, very low signals of TGF- 1 mRNA
were detected in the mucosal epithelial cells and in some lamina
propria cells such as macrophages, lymphocytes, fibroblasts, and
endothelial cells (Fig. 3A). At the 1- and 3-day time points, the
signals were markedly increased (Fig. 3B). On day 7 intense
signals were observed in the macrophages, endothelial cells, and

fibroblasts in the granulation tissue but they decreased slightly
on day 14.

In normal duodenum, the signals of TGF RI mRNA was
weak, while those on day 1 and 3 were strong (Fig. 3C). The
signals of TGF RI mRNA in the granulation tissue decreased
on day 14 compared to those of day 7.

The signals of TGF RII mRNA in normal duodenum were
higher than those of TGF- 1 or TGF RI mRNA. On days 1, 3,
7, and 14 the signal intensities were similar to those of TGF
RI mRNA (Fig. 3D). The results are summarized in Table 1. 

Immunohistochemical Staining

Immunohistochemical stainings for TGF- 1, TGF RI, and
TGF RII were performed on permanent serial sections of the
same material used for in situ hybridization. The immunolocaliza-
tions of TGF- 1, TGF RI, and TGF RII corresponded well
with the hybridization signals of TGF- 1 mRNA, TGF RI
mRNA, and TGF RII mRNA. The staining intensity was
classified as negative (-), weakly positive (+), moderately positive
(++), and strongly positive (+++) as in in situ hybridization.

Lamina propria cells in normal duodenal mucosa expressed
TGF- 1 but mucosal epithelial cells did not (Fig. 4A). On day

Probe
and
time point

Staining
Intensity

Cells in lamina propria 
and granulation tissue*

Mucosal epithelial cells

- + ++ +++ - + ++ +++

No. of cases

TGF- 1
Control 10 10
1 day 1 9 1 8 1
3 days 10 10
7 days 1 9 1 9
14 days 2 8 1 9

TGF RI
Control 1 9 1 9
1 day 1 9 10
3 days 1 9 1 9
7 days 10 2 8
14 days 1 8 1 10

TGF RII
Control 1 9 1 9
1 day 10 10
3 days 1 9 1 9
7 days 1 9 1 9
14 days 9 1 9 1

-, negative; +, weakly positive; ++, moderately positive; +++, strongly
positive. 
*Granulation tissue was present on day 7 and 14.

Table 1. Summary of in situ hybridization results



1, the epithelial cells began to express TGF- 1 weakly; and on
day 3, they were stained more intensely than on day 1 (Fig. 4B).
On day 7, epithelial cells in the neighboring mucosa of the ulcer

lesion as well as the cells in the granulation tissue showed posi-
tive reaction for TGF- 1, but they showed a marked decrease
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Fig. 1. Fully developed rat duodenal ulcer 3 days after serosal
application of acetic acid. (A) The ulcer floor is occupied by necrotic
tissue. (B) Relatively well-preserved villi are present in the nonul-
cerated border adjacent to the ulcerated lesion.

A B

Fig. 2. (A) Well-developed granulation tissue with inflammatory
infiltrates beneath necrotic ulcer debris is seen on day 7. (B) Fibro-
sis and decreased granulation tissue are seen with regenerated
surface mucosal epithelium on day 14.

A B

Fig. 3. In situ hybridization results. (A) Very low signals for TGF-
1 mRNA are observed in normal duodenum. (B) Intense signal
for TGF- 1 mRNA are recognized on day 1. (C) Strong positive
reactions for TGF RI mRNA are noted on day 3. (D) Strong pos-
itive reactions for TGF RII mRNA are observed in granulation
tissue on day 3.

A B

C D

Fig. 4. Immunohistochemical staining results. (A) Lamina propria
cells in normal duodenal mucosa express TGF- 1 but mucosal
epithelial cells do not. (B) Mucosal epithelial cells are moderately
positive for TGF- 1 on day 3. (C) Mucosal epithelial cells as well
as glandular cells are strongly positive for TGF RI on day 3. (D)
Strong immunoreactivity for TGF RII is present in cells of the
lamina propria, while mucosal epithelial cells are moderately pos-
itive for TGF RII on day 3.

A B

C D



of TGF- 1 immunoreactivity on day 14. 
The epithelial cells and lamina propria cells in normal duo-

denal mucosa showed weakly positive reactions for TGF RI.
The staining intensity for TGF RI increased on day 1, 3, 7,
and 14. On day 3 the surface epithelial cells were stained very
intensely for TGF RI (Fig. 4C). On day 7, the endothelial cells,
macrophages, and fibroblasts in the granulation tissue showed
relatively strong positive reaction for TGF RI, similar to those
of day 14.

TGF RII was expressed in the epithelial cells and the lamina
propria cells of the  normal duodenal mucosa, and its staining
intensity increased on days 1 and 3 (Fig. 4D). On day 7, positive
reactions for TGF RII were recognized in the granulation tissue,
but they were less intense on day 14. The results are summarized
in Table 2.

DISCUSSION

Duodenal ulcer healing requires interaction between epithelial
and mesenchymal components of the ulcer. It requires epithelial
cell migration and proliferation, formation of granulation tissue,
and angiogenesis.13 Following ulceration, epithelial cells in the

mucosa at the ulcer margin proliferate under the influence of
various peptide growth factors (e. g., EGF, TGF- , and HGF).14,15

Another crucial component of ulcer healing is granulation tis-
sue. Under the influence of growth factors, such as basic fibrob-
last growth factor and vascular endothelial growth factor, gran-
ulation tissue grows and provides the connective tissue compo-
nents, including fibroblasts and microvessels for the restoration
of the microvascular network within the scar.16,17 The microvas-
cular network delivers oxygen and nutrients to the healing tis-
sue. The final outcome of the healing process reflects a dynamic
interaction between the epithelial component and the granula-
tion tissue.

The object of this study was to examine the spatial and tem-
poral expressions of TGF- 1 and its receptors in the developing
and healing of acetic acid-induced, chronic duodenal ulcer in
the rat model.

TGF- is a multifunctional cytokine which has been impli-
cated in many physiologic and pathologic processes. TGF- has
been shown to either enhance or inhibit cell proliferation, to
regulate differentiation in various tissues, and to be involved in
fibrogenesis.18,19 Its effects on extracellular matrix (ECM) include
the increase of production and deposition of ECM proteins, the
reduction of matrix degradation by decreasing protease produc-
tion and increasing protease inhibitors, and the stimulation of
the synthesis of ECM protein receptors.18,19

This study demonstrates that the weakly positive reaction of
TGF- 1 mRNA and protein was present in normal duodenal
mucosa. However, in normal duodenal epithelial cells, and in
contrast to TGF- 1 mRNA, TGF- 1 protein was not expressed.
The expression levels of TGF- 1 mRNA and protein reached
their peaks on days 3 and 7 in the neighboring mucosa and in
the granulation tissue of the ulcer. These data provide evidence
that the expression of TGF- 1 is increased throughout the healing
phase of the duodenal ulcer. Interestingly, this study showed
that at the early phase of ulcer healing many macrophages and
other inflammatory cells and fibroblasts in the region of the ulcer
produced TGF- 1. TGF- 1 stimulates the chemoattraction of
leukocytes and the migration of macrophages and fibroblasts.4,5,7

Therefore, TGF- 1 produced by these cells may be involved in
the migration of inflammatory cells and fibroblasts, thereby
leading to the construction of granulation tissue. Thus, TGF- 1
plays an important role in the early healing phase of duodenal
ulcerated tissue.

Tomigata et al.20 studied the expression of TGF- 1 during
gastric ulcer healing in rats using northern blot analysis and
showed that TGF- 1 mRNA levels in ulcerated tissues began
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Antibody  
and time point

Staining
Intensity

Cells in lamina propria 
and granulation tissue*

Mucosal epithelial cells

- + ++ +++ - + ++ +++

No. of cases

TGF- 1
Control 10 1 9
1 day 9 1 1 9
3 days 1 9 10
7 days 1 9 1 9
14 days 9 1 9 1

TGF RI
Control 1 9 1 9
1 day 1 9 10
3 days 1 9 1 9
7 days 10 9 1
14 days 1 8 1 1 9

TGF RII
Control 10 1 9
1 day 1 9 10
3 days 10 1 9
7 days 1 9 1 9
14 days 9 1 10

-, negative; +, weakly positive; ++, moderately positive; +++, strongly
positive.
*Granulation tissue was present on day 7 and 14.

Table 2. Summary of immunohistochemical staining results



to increase by 2.1 times on day 3, remained increased by two to
three fold until day 18, and then gradually decreased to control
levels. In the present study, however, the most intense TGF- 1
mRNA signal was detected on days 3 and 7 and decreased on
day 14. This discrepancy in the temporal expressions of TGF- 1
may have resulted from the use of different samples and analyzing
methods. 

TGF- exerts its biological effects by interacting with spe-
cific cell surface receptors. Three TGF- receptors have been
characterized: TGF RI, TGF RII, and TGF- receptor type
III (TGF RIII).21 TGF RI and TGF RII are involved in sig-
nal transduction, whereas TGF RIII participates in the storage
of TGF- s and in their presentation to the signaling receptors.
Signal transduction is initiated by a sequence of events that begins
with the binding of TGF- 1 to the type II receptor, which is
constitutively autophosphorylated, followed by the recruitment
of the type I receptor to the TGF- 1-type II receptor complex.
And then type I receptor recruits to the TGF- 1-type II receptor
complex. Subsequently glycine-serine-rich domain on the type I
receptor is phosphorylated by the type II receptor kinase.11

In the present study, the expression patterns of mRNA and
protein of TGF RI and TGF RII in the normal duodenum and
duodenal ulcer tissues on day 1, 3, 7, and 14 are similar to those
of TGF- 1. In other words, TGF RI and TGF RII mRNA
signals reached their peaks on day 1, 3, and 7, and then decreased
on day 14. In addition, TGF RII mRNA signals in the normal
duodenum were higher than the TGF RI mRNA signals. The
expression of TGF RI and TGF RII protein began to increase
on day 1, remained at the level or slightly increased on days 3
and 7, and then decreased on day 14. Generally, the expression
of TGF RI and TGF RII protein was not as intense as that of
TGF RI and TGF RII mRNA. The protein and mRNA sig-
nals were detected in the mucosal epithelial cells and the cells
in the lamina propria and granulation tissue. The immunohis-
tochemical study for TGF RII revealed, however, that the ex-
pression was more intense in cells in the lamina propria and
granulation tissue than in the mucosal epithelial cells. The con-
comitant increase in TGF- 1 with the signaling TGF RI and
TGF RII suggests that TGF- 1 has the potential to con-
tribute to the complex healing mechanisms of the overlying
epithelium. This was especially significant in the lamina propria
cells and neighboring epithelial cells of the ulcer, where the
process of restitution of the normal surface continuity could be
enhanced after damage. There is no available information about
signaling TGF- receptors in the gastric or duodenal ulcer.
However, Ohtani et al.22 showed immunohistochemically that

TGF RI and TGF RII are found in areas with early stage of
fibrosis in inflammatory bowel disease, whereas the fibroblasts
in the areas of advanced fibrosis lack immunoreactivity against
both receptors, suggesting an important role for TGF- signal-
ing in the initial step of fibrosis. Using northern blot analysis,
in situ hybridization, and immunohistochemical analysis, Mola
et al.23 reported a concomitant overexpression of TGF s and
their signaling receptors in Crohn’s disease. Considering the
TGF- isoforms, TGF- 1 has been implicated as a critical reg-
ulatory molecule in the fibrogenesis of multiple inflammatory
disorders such as chronic pancreatitis, liver cirrhosis, and lung
fibrosis.24-26 TGF- isoforms can have a wide variety of effects
on different intestinal cell populations because they can carry
out their actions through both autocrine and paracrine mecha-
nisms. In vitro studies have suggested that TGF- 1 plays an
important role in the regulation of epithelial cell proliferation.
In fact, Kurokowa et al.27 reported that TGF- 1 strongly inhibits
the proliferation of an epithelial intestinal cell line. In addition,
using an in vitro model, Ciacci et al.28 demonstrated that, despite
inhibition of proliferation, TGF- 1 plays a central role in pro-
moting rapid reepithelialization in wound healing by enhancing
the recruitment of epithelial cells across the wound margin. 

In conclusion, this study demonstrates the up-regulation of
TGF- 1 and its signaling receptors in the duodenal mucosa at
the ulcer margin and in granulation tissue. These results sug-
gest that TGF- 1, TGF RI, and TGF RII contribute to the
early stage of healing process of duodenal ulcer.
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