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Ets-1 is a transcription factor known to control the
expression of genes involved in extracellular matrix
remodeling. The purpose of this study is to evaluate
the expression of Ets-1 in the process of healing of ul-
ceration in the rats. The time-dependent changes and
distribution of Ets-1 in the margins of ulcer were ex-
amined. Ets-1 did not express in the normal gastric
mucosa. In the marginal granulation tissue, fibroblasts
and endothelial cells of capillaries were immunoposi-
tive for Ets-1. Ets-1 expression was significantly in-
creased at the early phase, and returned to normal
levels at the scarred phase. Serial sectioning revealed
that fibroblasts and endothelial cells also expressed
MMP-1. Protein levels and mRNA expression of Ets-1
were confirmed by Western blotting and RT-PCR.
These findings suggest that Ets-1 plays an important
role in angiogenesis in the early phase of ulcer healing.
© 1998 Academic Press

Angiogenesis, the development of new blood vessels,
is an important process in tissue development and
wound healing. In ulcer healing angiogenesis is a key
factor to determine the quality of healing. Ets-1 was
originally characterized as the v-ets retroviral gene, 1
of the 2 oncogenes (v-myb and v-ets) in the avian leuke-
mia retrovirus, E26 (1). The Ets family of genes encodes
transcription factors for mesodermal cell development
during the embryonal period (2, 3). Recently, it has
been reported that Ets-1 appears to play an important
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role in angiogenesis, regulating the expression of prote-
ases and the migration of endothelial cells (4). Ets-1
protein interacts with the urokinase-type plasminogen
activator gene enhancer and with the promoters of me-
talloproteinases, the stromelysin-1 and collagenase-1
genes (5, 6). In the present study, we examined the
expression of Ets-1 in the healing stage of gastric ulcer
in relation to angiogenesis in the rat.

MATERIALS AND METHODS

Male Wistar rats were purchased from Charles River Japan (At-
sugi, Japan) at aged 8 weeks of age for use in this study (n=42). The
rats were housed in groups of 3 to 4 per cage in an air-conditioned
room at 24°C (lights on from 7 AM to 7 PM), and allowed free access
to food (laboratory chow F2, Japan CLEA, Tokyo) and tap water at
the Laboratory Animal Center of Nagasaki University. Ulcers were
induced in the fundus of the stomach by luminal application of 40%
acetic acid (0.2 ml, 45 s) to an area clamped with a pair of forceps.
Gastric specimens were obtained 0 (control), 1, 2, 3, 7, 14, 21, and
28 days after ulcer induction for histology, Western blot analysis,
and RT-PCR to evaluate the expression of Ets-1 protein and ets-1
mRNA. In each experimental day four to six rats were used for analy-
sis. For immunohistochemistry of Ets-1, MMP-1, CD34, and VEGF,
gastric tissues were fixed with 4% paraformaldehyde solution. CD34
immunohistochemistry was performed to confirm neovasculization,
because CD34 mRNA was strongly expressed by most of the vascular
endothelial cells in developing organs (7).

Immunohistochemistry. Paraformaldehyde-fixed and paraffin-
embedded tissues were cut into 4 ym sections, deparaffinized in xy-
lene and rehydrated in phosphate-buffered saline. Deparaffinized
sections were preincubated with normal bovine serum to prevent
nonspecific binding, and then incubated overnight at 4°C with an
optimal dilution (0.1 pug/ml) of a primary polyclonal antibody against
Ets-1 (C-20, raised against the C-terminal domain of the Ets-1 pro-
tein; Santa Cruz Biotechnology, Inc., Santa Cruz, CA). The slides
were sequentially incubated with an alkaline phosphatase-conju-
gated horse anti-rabbit immunoglobulin antibody, and the reaction
products were resolved using a mixture of 5-bromo-4-chloro-3-indolyl
phosphate and nitroblue tetrazolium chloride (BCIP/NBT; BRL,
Gaithersberg, MD). Preabsorption of the primary antibody with ex-
cess recombinant Ets-1 peptide (Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA) at 4°C overnight was used as a negative control.
Adrenal gland tissue served as the internal positive control for Ets-
1 immunostaining.

For immunohistochemistry of MMP-1, CD34 and VEGF, primary
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antibodies of MMP-1 (monoclonal, Fuji Chemical, Takaoka, Japan),
CD34 (monoclonal, Novocastra, Newcastle, UK) and VEGF (poly-
clonal, Santa Cruz Biotechnology, Inc.) were purchased on a commer-
cial basis. Secondary reagents were provided by the Vector Elite
ABC Kkit, and diaminobenzidine with counterstain was used for color
development. All cases were run with known positive controls for
each antibody. For negative controls, the primary antibody was omit-
ted for each run.

Western blot analysis of Ets-1 expression. Frozen gastric tissues
crushed in liquid nitrogen were put in lysis buffer (1% sodium dodecyl
sulfate [SDS], 1 mmol/L sodium vanadte, 10 mmol/L tris[hydroxy-
methyl] aminomethane, pH 7.4) repeatedly. Proteins obtained from
lysates were separated by 7.5% SDS-polyacrylamide gel electropho-
resis and transferred to Immobilon-P membranes (Millipore, MA) as
recommended by the manufacturer. Detection of Ets-1 was per-
formed with the polyclonal antibody (C-20, Santa Cruz Biotechnol-
ogy, Inc.). Immunoreactive material was visualized by enhanced
chemiluminescence (Amersham, Buckinghamshire, UK).

To evaluate specificity of the antibody for Ets-1 immunoprecipita-
tion, preabsorption of the primary antibody with excess recombinant
Ets-1 peptide (Santa Cruz Biotechnology, Inc.) was performed. Phor-
bol 12-myristate 13-acetate (PMA)-treated endothelial cells were
used as a positive control (8). Endothelial cells were obtained from
fresh bovine thoracic aorta and cultured in monolayers as described
(9). PMA (100ng/ml) was treated for 2h, and then protein was ex-
tracted for Western blotting.

RT-PCR. Total RNA was prepared from gastric tissue using the
acid guanidine phenol method. Total RNA (1 pg) was incubated at
37°C for 1 hour in 50 ul of reverse transcriptase buffer containing 20
units of RNAsin (Promega Corp., Madison, WI), 100 pmol of random
hexamer primers (Boehringer Mannheim, Mannheim, Germany),
and 400 units of Moloney murine leukemic virus reverse tran-
scriptase (GIBCO/BRL). Reverse transcription was terminated by
heating at 95°C for 10 minutes, and 20% of the resulting cDNA was
removed for PCR. PCR samples were incubated with 50 pmol of each
primer and 2.5 units of Tag DNA polymerase. The rat Ets-1 PCR
primers were 5-GGGTGACGACTTCTTGTTTG-3’ (sense) and 5'-
GTTAATGGAGTCAACCCAGC-3’ (antisense). The human g-actin
PCR primers were 5-TCCTCCCTGGAGAAGACTA-3’ (sense) and
5'-AGTACTTGCGCTCAGGAGGA-3’ (antisense). The Ets-1 and S-
actin primers are predicted to amplify 274 and 313 bp DNA frag-
ments, respectively. Both primer pairs were chosen to span introns
of their respective rat genes. Samples were subjected to 28 cycles of
PCR amplification using a thermocycler. Each cycle included dena-
turation at 94°C for 1 minute, annealing at 57°C for 1 minute, and
primer extension at 72°C for 1.5 minutes. An aliquot of each amplifi-
cation mixture was subjected to electrophoresis on a 2.0% agarose
gel, and DNA was visualized by ethidium bromide staining.

RESULTS

Pathological Changes of Ulcer

One day after ulcer induction, gastric mucosa was
necrotic macroscopically, and bleeding, edema, and
inflammatory cell infiltration were observed in the
submucosa microscopically. From the second day,
fresh granulation was formed and new capillaries
appeared in ulcer margins. On the 7th day, absorp-
tion of granulation and stromal fibrosis occurred and
the regenerative epithelium extended from the mar-
gin. Mild inflammatory cell infiltration was ob-
served. Between the 14th and 28th day (scar phase)
the ulceration appeared to be healed macroscopi-
cally. The submucosal granulation was organized
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with fibrosis, and regenerative epithelium covered
the area of ulceration completely.

Immunohistochemistry

Figure 1 shows a time-dependent changes of im-
munohistochemical Ets-1 staining in ulcerative le-
sions. Ets-1 did not express in the normal gastric
mucosa. Ets-1 protein was detected in the nucleus of
fibroblasts and in the nucleus of endothelial cells in
the marginal granulation tissues. On close view, nu-
clei of endothelial cells in primitive ring-formed cap-
illaries were immunopositive. Ets-1 expression sig-
nificantly increased from days 1 to 7, and returned
to control levels at the scarred phase. On the first
day, gastric tissue was necrotic and Ets-1 expression
was limited to a few cells in the submucosal layer.
On the 3rd day, its expression was most enhanced in
the fresh granulation. CD34 immunopositivity was
observed in endothelial cells of capillaries in the
fresh granulation from the 3rd to the 7th day after
ulcer induction (Fig.2A), but not in mature blood ves-
sels at the scarred phase. MMP-1 expression was
present in endothelial cells and fibroblasts (Fig.2B),
and its distribution and the time-course of immuno-
positive cells were similar to those of Ets-1. With
serial sectioning, both MMP-1 and Ets-1 expression
were detected in some of the identical cells. VEGF
immunopositivity was observed in the scattered
macrophages in the ulcer base from one day after
ulcer induction (Fig.2C), and remained till 14 days
after ulcer induction with gradual attenuation. A few
endothelial cells and fibroblasts were also immuno-
positive for VEGF in the early phase. At the scarred
phase VEGF immunopisitivity was limited to endo-
thelial cells.

Western Blotting

The antibody recognized a single band (54 kd) in the
positive control of PMA-treated endothelial cells. Pre-
absorption of the primary antibody with Ets-1 peptide
was found to abolish immunoreactive products (Fig.
3A). Western blotting in the gastric tissues is shown
in Fig.3B and this finding corresponded to the results of
immunochistochemistry of Ets-1. In the normal gastric
tissue, Ets-1 expression was not detected. On the 2nd
day its expression increased significantly and reached
a maximum on the 3rd day. The strong expression
lasted till the 7th day. On the 14th day its expression
again became weak.

RT-PCR

Weak expression of ets-1 mRNA was detected in the
normal gastric tissue, whereas strong expression of ets-
1 mRNA was observed in the ulcerative tissues, irre-
spective of time course (Fig. 4). S-actin mMRNA, a control
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FIG. 1. Time-course of Ets-1 expression in the normal and ulcerative lesions by immunohistochemistry. Ets-1 did not express in the
submucosa of normal gastric mucosa (A). Ets-1 expression significantly increased from days 1 to 7 (B, C), and returned to control levels at
the scarred phase (D). On the 3rd day its expression was most enhanced in fresh granulation (B). Intranuclear expression was detected in
endothelial cells and fibroblasts in the fresh granulation tissue (arrow heads). Some endothelial cells were positive in the newly formed
capillaries. On the 7th day its expression was decreased (arrow heads) (C). After 28th day its expression was barely detected in the organizing

granulation (D). (Original magnification X200)

to demonstrate the equivalent amounts of tissue RNA,
was used for cDNA synthesis and was detected in all
the samples.

DISCUSSION

Angiogenesis, the sprouting of new blood vessels
from existing vessels, occurs in many physiological and
pathological processes, including embryonic develop-
ment, wound healing, and tumor growth (10, 11). Ets-
1 takes part in regulating angiogenesis by controlling
the gene transcription of matrix metalloproteinase,
whose activity is necessary for the migration of endo-
thelial cells from pre-existing capillaries (4). In vitro
experiments suggest that Ets-1 may activate the tran-
scription of genes encoding collagenase 1, stromelysine
1 and urokinase plasminogen activator, proteases in-
volved in extracellular matrix degradation. Although
Ets-1 has been well studied in angiogenesis, its role in

gastric ulcer healing is not known. The present study
is the first demonstration of the expression of Ets-1 by
gastric cells, especially at ulcer margins. In addition,
these results confirmed a previous study showing that
Ets-1 was produced by endothelial cells and fibroblasts
in wound healing (4).

MMPs are believed to be active in connective tissue
remodeling associated with various physiological pro-
cesses and in pathological conditions, such as cancer
and inflammation. The role of collagenase and gela-
tinases in the development and healing of acetic acid-
induced gastric ulcer in rats was investigated (12, 13).
Baragi et al. reported that the formation of acetic acid-
induced ulcer is accompanied by an elevation of colla-
genase and gelatinase that gradually tends to return
to control values during the healing phase (12). Maru-
yama et al. reported that interstitial collagenase showed
the highest activity on the 3rd day and decreased on
the 10th day in acetic acid-induced ulcers (13). These
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FIG. 2. Immunohistochemistry of CD34 in the 3rd day of ulcer-

ation (A). CD34 immunopositivity was observed in endothelial cells
of capillaries in the fresh granulation. (Original magnification X100)
Immunohistochemistry of MMP-1 in the 3rd day of ulceration (B).
MMP-1 immunopositivity was observed in endothelial cells and fi-
broblasts in the fresh granulation tissue of ulcer margin. (Original
magnification xX100) Immunohistochemistry of VEGF in the first day
of ulceration (C). VEGF immunopositivity was observed in the scat-
tered macrophages in the ulcer base from one day after ulcer induc-
tion. (Original magnification x100)

findings are similar to time-dependent changes of
MMP-1 and Ets-1 expression in the healing process of
acetic acid-induced ulcers in the present study, and
support the hypothesis that Ets-1 stimulates MMPs
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FIG. 3. Western blotting of Ets-1 protein in positive control (A)
and ulcerative tissues (B). PMA-stimulated endothelial cells ex-
pressed Ets-1 protein with 54 kd (lane 1 in A). Preabsorption of the
primary antibody with Ets-1 peptide was found to abolish immunore-
active product (lane 2 in A). In the normal gastric tissue, Ets-1 ex-
pression was not detected (lane 1 in B). On the 2nd day (lane 2 in
B) its expression increased significantly and reached a maximum on
the 3rd day (lane 3 in B). The strong expression lasted till the 7th
day (lane 4 in B). On the 14th day its expression again became weak
(lane 5 in B).

production to promote angiogenesis in the early phase
of ulcer healing.

Many kinds of growth factors and cytokines are in-
volved in ulcer healing, such as EGF, FGF, TGFa,
TGFg, VEGF, PDGF, and IL-1 (14-17). Four typical
angiogenic growth factors, acidic FGF, basic FGF,
VEGF, and EGF, induce the expression of Ets-1 mRNA
in either human umbilical vein endothelial cells or hu-
man omental microvascular endothelial cells (4). EGF,
bFGF, and PDGF are principally delayed ets-1 stimula-
tors in human fibroblasts (18). VEGF is a multifunc-
tional cytokine involved in angiogenesis, inflammation,
and wound healing and plays a role in angiogenesis in
the process of gastric ulcer healing (19). TNF« is known
as an accelerative factor of mucosal injury by various
kinds of ulcerogens (20). VEGF expression is enhanced

control 1 day 3 day

7 day

FIG. 4. RT-PCR analysis of ets-1 mRNA expression in normal
and ulcerative gastric tissues using the specific primer pairs pre-
dicted to amplify fragment size on the right (ets-1: 274 bp, S-actin
as internal control: 313 bp). Lane 1; normal gastric tissue. lane2-4;
marginal tissue of gastric ulcer on the 1st (lane 2), 3rd (lane 3) and
7th day (lane 4) of ulceration.
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by TNFa (19), and, interestingly, TNF« is one of the
most potent c-ets-1 stimulators, inducing rapid and
long-lasting increases of ets-1 mMRNA and protein ex-
pression.(18). In the present study VEGF expression
preceded Ets-1 expression in the early phase of ulcer
healing. It is suggested that VEGF induces endothelial
proliferation and consequently helps cell migration
through activation of MMPs by Ets-1 up-regulation.

In conclusion, we have shown the specific expression
of Ets-1 at gastric ulcer margins and that Ets-1 expres-
sion by gastric fibroblasts and endothelial cells is up-
regulated in the early phase of healing. These findings
indicate the role of Ets-1 in gastric ulcer healing, which
is through facilitating angiogenesis.
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