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Changes in redox status of gastric mucosa cells are the main pathogenic factor of gastric erosion and
gastric ulcer development. Pro-oxidants can affect cell transcription activity via changes in redox-sensitive
transcription factors. Egr-1 and Sp-1 may regulate the transcription of genes that are associated with the
pathogenesis of gastric ulcer (growth factors, cell cycle regulators, etc.). The aim of the present study was to
reveal the possible involvement of zinc-finger transcription factors Egr-1 & Sp-1 in the molecular mechanisms
underlying gastric lesions caused by aspirin administration and stress. Gastric ulcer was induced in male
rats (180-220 g) by immobilization stress combined with water-immersion (IMO-WI) or aspirin gavage
(10 mg/100 g). The rats were euthanized 20 min, 1 hour, or 3 hours following the ulcerogenic factor exposure.
Protein expression was determined by Western blot analysis and RT-PCR; levels of SH-groups of proteins
were determined by method of Ellman et al. Development of gastric ulcer lesions was associated with twofold
(P < 0.05) decrease in concentration of protein SH-groups in the rat gastric mucosa. These changes were
accompanied by significant (P < 0.05) increase in the expression of Egr-1 mRNA and protein in both gastric
ulcer models, and the changes in IMO-WI were more profound. Increased levels of Egr-1 were associated
with the decrease in Spl protein levels. We showed for the first time the competitive interaction between redox-
sensitive transcription factors Egr-1 and Spl in the early phases of gastric ulcer development, which might

facilitate inducible transcriptional activity of Egr-1 at the expense of reduction in Spl activity.
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astric ulcer is one of the most widespread
G pathologies of gastrointestinal tract. More-

over, it has a tendency to increase in oc-
currence [1]. The main pathogenetic agent for this
disorder is the imbalance between aggressive and
protective factors. Several factors are considered
to be aggressive in this regard, such as the overpro-
duction of hydrochloric acid and pepsin, caused by
mucosal hyperplasia in the fundus of the stomach;
the vagus nerves hyperexcitability; the overproduc-
tion of gastrin; the hyperreactivity of parietal cells;
the increased reverse diffusion of protons; the reflux
of bile in the stomach; localized disruptions in in-
tramural blood flow; the impaired peristalsis of the
gastroduodenal zone of the gastrointestinal tract; the
bacterial invasion by Helicobacter pylori (H. pylori)
[2]. The protective factors are considered to be the
durability of gastroduodenal zone, the mucus cove-
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ring the mucous membrane of the stomach; active
regeneration of surface epithelium; the adequate
blood supply; the saliva; the inhibitive action of gas-
troduodenal system; the basic components of gastric
and pancreatic juice [3]. It has been demonstrated by
us [4] and others [5] that changes in redox status of
the gastric mucosa cells are the main cause of the de-
velopment of this pathology. Prooxidants may affect
cell transcription machinery, changing the activity
of redox-sensitive transcription factors [6]. There
is poor data concerning the role of redox-sensitive
transcription factors in pathogenesis of gastric ulcer.

Egr-1 (Early growth response protein 1) is a re-
dox-sensitive transcription factor (also called Krox-
24, NGFI-A, zif268). It is an early response protein
because various factors, including hypoxia, growth
factors, interleukins, hormones, and neurotransmit-
ters cause rapid and profound expression of its gene
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[7]. The Egr-1 gene was first described as a factor
stimulating growth of fibroblasts in response to
blood serum components, which is localized in chro-
mosome 5q23—q31 and is composed of two exons
[8]. The analysis of functional elements of human
genome (ENCODE project) [9] has detected Egr-1
binding sites in promoter regions of growth factors
EGF, PDGF-A, B; PDGFR-A, -B; VEGF [10], which
are crucial to the development and healing of gastric
ulcer not just via regulation of angiogenesis, but also
by prevention of various types of cell death [11]. It
has been demonstrated in studies on mesenchymal
stem cells that Egr-1 acts as a transcription factor for
numerous converging signal pathways, thus ensuring
the regenerative potential of this cell type [10].

The regulatory activity of Egr-1 is intercon-
nected with Spl (Specificity protein 1) that is also
a transcription factor. Their binding sites are par-
tially overlapping in a common promoter region
(-GGGCGG-), which may lead to competition for
the binding site in some cases [12, 13].

Both Spl and Egr-1 have three zinc finger do-
mains of Cys2His2 type that are responsible for
recognition and binding to GC-rich region of pro-
moter [14]. Spl is an important transcription factor
able to activate or inhibit transcription in response
to physiological and pathological stimuli, such as
oxidative stress [15]. Spl also effects the expres-
sion of genes involved in a number of physiological
processes, e.g. cell cycle and cell growth regulation,
hormone activation, apoptosis and angiogenesis [16].

As Egr-1 and Spl both regulate the expression
of genes taking part in gastric ulcer pathogenesis
(growth factors, cell cycle regulators, etc.), the aim
of the present study was to determine their involve-
ment in mechanisms of development of gastric le-
sions induced by stress and aspirin.

Materials and Methods

Male white rats (180-220 g of body mass) were
used in the experiments. The animals (n = 63) were
randomly separated into groups of three. The ani-
mals had been starved for 24 h prior to the start of
the experiment, with free access to water. At no time
during the experiment were the animals subjected
to unnecessary cruelty and inhumane killing. The
experiments are consistent with the requirements of
the European Convention for the Protection of Ver-
tebrate Animals used for Experimental and Other
Scientific Purposes (Strasbourg, 1986) and with ethi-
cal norms as laid down in the laws of Ukraine.
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The rats (n = 36) were used for the immobiliza-
tion stress combined with water-immersion (IMO-
WI) model. The rats were restrained in perforated
tubes with a transparent window in top (head) posi-
tion. The tubes were immersed vertically in water
(22 °C), so that 2/3 of the animal’s body was below
the water surface. The animals of the first (control)
group were not subjected to any manipulations.
The animals of the groups II, III, and IV were sub-
jected to IMO-WI stress for 20 min, 1 h, and 3 h,
accordingly. Twenty seven rats were used for the
aspirin-induced gastric lesions model. The animals
were administered aspirin (CJSC "Pharmaceutical
firm "Darnitsa") in doses of 10 mg/g of body mass,
dissolved in 0.2 M HCI. The rats of the control group
were received intragastric gavage of 0.5 ml of dis-
tilled H,O (group I — control) or 0.5 ml of 0.2 M
HCI (group II — control). The rats were euthanized
20 min, 1 h, and 3 h post aspirin or control substanc-
es (H,0 or 0.2 M HCI) administration.

The rats were euthanized by cervical disloca-
tion, and the stomach was excised. The stomach was
opened via its lesser curvative, turned inside out, and
washed thoroughly with normal saline. The macro-
scopic lesions on gastric mucosa were registered
by camera, and then the mucous membrane was
scraped off and frozen in liquid nitrogen for molecu-
lar studies that were to follow.

Protein SH groups content were determined by
the difference between total SH groups content and
non-protein SH groups content, as assayed with Ell-
man’s reagent [17].

The western blot. In order to determine pro-
tein content, the separated gastric mucosa was
homogenized in lysis buffer (0.1% SDS, 1% Triton
X100, 2 uM PMSF) with addition of protease inhibi-
tor cocktail (16.65 ml/l) and phosphatase inhibitor
(1 uM sodium orthovanadate) (Sigma, USA). Total
protein concentration was assayed after Bradford
with “Bio-Rad protein assay” kit (Bio-Rad, USA).

Proteins (50, 75 or 100 pg of protein per well)
were separated by electrophoresis in 12%, 10% or
8% SDS PAA gel, and then transferred to nitrocel-
lulose membrane in accordance with the standard
Bio-Rad protocol.

Antibodies to Egr-1 (sc-110, 1:300), Sp-1 (sc-59,
1 : 600), B-actin (1:1000) (Santa-Crus Biotech, USA)
were used to detect the corresponding proteins in
gastric mucosa with consequent incubation with
horseradish peroxidase conjugated secondary an-
tibodies diluted 1 : 10000 (anti-mouse antibodies).
The results were visualized with ECL reagent.
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mRNA was assayed by RT-PCR with Thermo
Scientific reagents (Lithuania). RNA extraction
was done by phenolic method. The cDNA was pro-
duced in 20 pl of PCR reaction buffer containing
2 pg of RNA, ImM of dNTP, 200 units of reverse
transcriptase, 20 units of ribonuclease inhibitor (Ri-
boLock), 20 pmol of reverse primer. The synthesis
was done in the following conditions: 65 °C — 5 min,
45 °C — 1 hour, 72 °C — 5 min. The PCR was done in
30 ul of PCR reaction buffer containing 3 pul cDNA,
200 uM dNTP, 30 pmol of each primer, 2.5 mM
MgCl,, 1.5 units of Taqg DNA Polymerase (recombi-
nant), (Thermo Scientific).

DNA amplification was done in the following
conditions: initial denaturation at 92 °C for 2 min,
then for Egr-1: 30 cycles of DNA denaturation at
92 °C for 30 s, primer annealing at 65 °C for 30 s,
elongation step at 72 °C for 40 s; for B-actin (house-
keeping gene) — 28 cycles of DNA denaturation at
95 °C for 1 min, primer annealing at 49 °C for 40 s,
elongation step at 72 °C for 1 min. The final elonga-
tion was done at 72 °C for 10 min. The following
primer sequences were used in the reaction: for Egr-
1 — forward gagatgatgctgctgagcaacggg and reverse
gtataggtgatgggaggcaaccgg; for B-actin — forward
tgggacgatatggagaagat and reverse attgccgatagtgat-
gacct. The products of the PCR (20 ul each) were
subjected to electrophoretic separation in 2.5% aga-
rose gel in 0.5xTBE buffer at 5-10 V/cm. The densi-
tometry was done with Phoretix 1D software.

The results of experiments at the least were
analyzed statistically via Student’s #-test. The data is
presented as M+SD, the difference was considered
statistically significant at P < 0.05.

Results and Discussion

We observed hyperemia and isolated petechiae
on gastric mucous membrane of rats after 20 min
exposure to IMO-WI. Increased exposure time was
associated with worsened clinical picture, for in-
stance, the mean lesion area per stomach after 1 hour
IMO-WT stressor exposure was 0.75 £ 0.95 mm?
(P < 0.05), while that after 3 hours exposure was
10.0 = 5.2 mm? (P < 0.05) (Fig. 1).

The mechanisms governing the regulation of
the activity of redox-sensitive transcription factors
by antioxidants involve SH groups’ oxidation by
cysteine of the transcriptional factor protein mole-
cule [6]. We found that gastric lesions under IMO-
WI conditions are associated with twofold decrease
(P < 0.05) of protein thiol groups in gastric mucosa
in comparison with the levels in control animals
(Fig. 2). This may signify changes in the tissue redox
state and may implicate activation of redox-sensitive
transcriptional factors.

To prove this assumption, we have demonstra-
ted that 20 min exposure to IMO-WI stressor causes
a rapid threefold increase (P < 0.05) in Egr-1 protein
content within the gastric mucosa of the animals
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Fig. 1. Macroscopic changes in gastric mucous membrane after exposure to IMO-WI stress of various dura-
tion. A — numeric values of lesion area, (M = SD; n = 6); B — sample images of rat stomachs. * P < 0.05 in

comparison to control values
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Fig. 2. Protein thiol groups concentration in gastric
mucosa after exposure to IMO-WI stress of various
duration (M = SEM). * P < 0.05 in comparison to
control values

(Fig. 3, A). Further prolongations in exposure time
to 1 h or 3 h did not caused increase in its level,
which remained higher than that of control group
(P < 0.05). Similarly, we have detected 23-times,
22-times, and 19.8-times increase in Egr-1 mRNA
expression (P < 0.05) after 20 min, 1 h and 3 h of
IMO-WT stressor exposure (Fig. 3, B). These results
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give evidence to the increased Egr-1 content as a re-
sult of its de novo synthesis.

Several factors are generally considered to
be the main exogenous etiological effectors asso-
ciated with development and recurrence of gastric
ulcer disease, for instance the psychological and
social stress, adverse effects of nonsteroidal anti-
inflammatory drugs, among which acetylsalicylic
acid (aspirin) is the most widely used [3]. To confirm
the ubiquitous role of Egr-1 in gastric ulcer patho-
genesis, we determined Egr-1 expression levels in
aspirin-induced gastric ulcer model conditions. We
observed gastric mucosa hyperemia and petechiae in
animals that had been administered aspirin 20 min
prior to examination. We also observed minor dam-
age to gastric mucous membrane. We found massive
hemorrhage, erosions, and ulcers 1 hour after the as-
pirin exposure with mean area of 44.0 + 31.4 mm?
(P < 0.05). The mucosa condition was observed to
worsen three hours post exposure. The mean lesions
area was 85.0 = 54.1 mm? (P < 0.05) (Fig. 4).

We observed Egr-1 protein expression levels in
rat gastric mucosa to increase 1.4-times (P < 0.05)
20 min after the aspirin exposure. Longer exposure
time caused increased expression, which peaked at
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Fig. 3. Egr-1 protein and mRNA content in rat gastric mucosa after exposure to IMO-WI stress (4, B) and to
aspirin (C, D) of various duration. A, C — western blot assay results normalized to f-actin levels; B, D — RT-
PCR results normalized to f-actin levels (M + SD). * P < 0.05 in comparison to control values
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3 h and was double that of control group (P < 0.05)
(Fig. 3, B). Higher Egr-1 protein levels were accom-
panied by higher Egr-1 mRNA levels. Egr-1 mRNA
increased 1.5-fold (P < 0.05) 1 h post aspirin admin-
istration, and 2.3-fold (P < 0.05) 3 h post aspirin
administration in comparison with control group
(Fig. 3, C). These data correlate well with the re-
sults that had been obtained in IMO-WI model ex-
periments. This may signify the importance of Egr-1
as a universal transcription factor in gastric ulcer
pathogenesis. Underscoring our conclusions is the
evidence of increased Egr-1 protein and mRNA ex-
pression during early stages of cysteamine-induced
duodenal ulcer, while Egr-1 antisense oligonucleo-
tide administration caused the clinical picture of the
condition to worsen [18].

According to publications, Egr-1 may act by
binding to promoter regions of genes that are iden-
tical to that of another zinc-binding transcription
factor Spl [13, 19]. Regulatory activity of Egr-1 and
Spl, admittedly, may include both competition and
complementation. It is known that hypoxia acti-
vates expression of phenylethanolamine N-methyl-
transferase, and adrenalin-synthesizing enzyme, in
adrenal medulla under immobilization stress via
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increased mRNA expression of Egr-1 and Spl and
formation of their protein-protein complex [20]. The
cis-regulatory element of Egr-1, which is partially
overlapping with Spl, has been found in tyrosine
hydroxylase gene promoter region. Egr-1 binds to
the tyrosine hydroxylase gene promoter in rat ad-
renal cortex under immobilization stress conditions
through competitive displacement of Spl [21]. It
has been shown in the in vitro studies on endothe-
lial cells that Egr-1 and Spl are interchangeable in
the promoter region of PDGF-B gene depending on
their concentration in the nucleus and affinity to the
binding site [22].

In our experiments IMO-WI stress-induced
lesions caused gradual decrease in Spl levels in
rat gastric mucosa, which became statistically sig-
nificant in just 20 min after the beginning of expo-
sure to stressor (P < 0.05) (Fig. 5, 4). We observed
similar tendencies of gradual Spl content decrease
in the case of aspirin-induced gastric ulcer model.
Spl content was 1.5 folds lower (P < 0.05) after 3 h
of aspirin exposure than that in the animals of the
control group (Fig. 5, B). These results support the
assumption of competitive interaction between Egr-1
and Spl in experimental ulcer models. This conclu-
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Fig. 4. Macroscopic changes in gastric mucous membrane after exposure to aspirin of various duration. A —
numeric values of lesion area (M + SD; n = 6); B — sample images of rat stomachs. * P < 0.05 in comparison

to control values
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Fig. 5. Spl protein content in rat gastric mucosa after exposure to IMO-WI stress (4) and to aspirin (B) of
various duration. Western blot assay results are normalized to total protein levels (M = SD). * P < 0.05 in

comparison to control values

sion is also supported by our previous data from ex-
perimental ulcerative colitis studies, in which Egr-1/
Spl complex disintegration under colon lesion condi-
tions had correlated in time with Spl level decrease
in colon mucosa, while Egr-1 concentration and its
affinity for DNA remained highly elevated [23]. The
evidence from studies by others likewise gives cre-
dence to our conclusions [12, 22] that overexpression
or overactivation of certain factor causes increase in
its cellular concentration with consequent displace-
ment of the ‘competitor’ in the promoter region of
the gene.

Thus, gastric lesions development under experi-
mental ulcer conditions is associated with increased
expression of the redox-sensitive transcriptional fac-
tor Egr-1, which is apparently activated via oxidation
of its thiol groups. Egr-1 level increase is paralleled
by decrease in Spl level. This facilitates the elevated
inducible transcriptional activity of Egr-1 at the ex-
pense of the repressed transcriptional activity of Spl.
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3MiHH peIoKC-CTaTyCy KJIITHH CIHU30BOi 000-
JIOHKHU 1IIJTyHKA € OCHOBHUMH YHHHUKAMHU PO3BUT-
Ky €pO3UBHO-BHPA3KOBUX ypaKeHb B HbOMY. [Ipo-
OKCHJAHTH 37aTHI BIJIUBATH Ha TPAHCKPHUIIIIHHNN
arapaT KJITHHH, 3MIHIOIOUH aKTHBHICTH PEIOKC-
YYTIUBUX TPAHCKPHUIIIIHHUX QakTopiB. Bpaxo-
Byroun Toi ¢akt, mo Egr-1 ta Sp-1 perymrororh
TPAaHCKPHUIMIIIIO TEHIB, acOMiOBaHUX 13 TMaTOTeHe-
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30M BHPA3KOBOi XBOpOOH LITYHKa ((pakTOpH poCTy,
PEryasATOpU KJIITUHHOTO ITUKJY TOILO), METOI M€l
poboTu Oyna nepesipka ix yyacTi B MexaHi3Max po3-
BUTKY YPa)KeHb IIJTYHKA, 10 CIIPUYHHEH] CTPECOM
Ta acnipuHoM. JlocIipkeHHsI TPOBEIeH] Ha HIypax-
camuax (180—220 r). Bupasku nuryHka MoJientoBa-
JI1 BOJHO-iMMoOUTi3amiiauM crpecom (BI-ctpec)
yn BBeneHHsM acmipuny (10 mr/100 ). Teapun
ymepTBisian uepe3 20 xB, 1 Tta 3 roa. Excnpecito
I'eHIB BU3HAa4Ya U MeTofaMu BecTepH-0y0T aHami3y
ta [1JIP 31 3B0poTHOIO TpaHCKpuUIIicto; piBeHb SH-
rpyn — 3a MerogoM EiiMmana. BetanosiieHo, 1o mno-
CTYTOBE 301IbILICHHS IO €pO3HMBHO-BUPA3KOBHX
ypakeHb IIJTYyHKa acOI[iFOBAJIOCh 31 3MEHIICHHSIM
y 2 pasu (P < 0,05) piBast SH-rpyn nporeiHiB y
cIIM30BiHd 000oHNI HUTYHKa Iy piB. Lli 3MiHu cripu-
YUHSUTH BIpOTiJHE i ABUILEHHS eKCTIpeCii MPOTeiHy
ta MPHK Egr-1 na 00ox Monensx BHpa3oK, Mpu-
yomy BupaszHime 3a aii Bl-crpecy. IlinBuimieHns
piBHss Egr-1 cymnpoBomkyBanoch napaieIbHUM
3HIKEHHSIM piBHA Spl. Brepie BCcTaHOBIEHO, 110
pEeNOKCUYTIMBI TpaHCKpumnuiiHi (akropu Egr-1
ta Spl BCTYmawTh B KOHKYPEHTHY B3aEMOIiIO
Ha paHHIX eTamax YTBOPEHHs BUPAa30K LUTYHKA,
0 MOXE CHPHUATH 301TBIICHHIO 1HIYIHOEIbHOT
TpaHCKpUNIiHOT akTHBHOCTI Egr-1 3a paxyHok
3MeHIIeHHS Spl TpaHCKPUIIIHHOT aKTUBHOCTI.

KnmouoBi ciaoBa: TpaHCKPUIIIHHUN
taktop, Egr-1, Sp-1, BupaskoBa xBopoOa ILIyHKa,
cTpec, acIipHH.
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N3meHeHus1 peloKCc-cTaTyca KIETOK CIIU3U-
CTON OO0OJIOYKHU >KEITyIKa SIBISIOTCS OCHOBHBIMHU
(hakTOopamMu Ppa3BUTHS IPO3UBHO-A3BEHHBIX TIO-
paxenuii. IIpookcHIaHTBl CIMOCOOHBI BJIUATH Ha
TPAHCKPUIIIIMOHHBIN anmnapar KJIeTKH, U3MEHSIS aK-

76

TUBHOCTh PEAOKCUYBCTBUTEIBHBIX TPAHCKPUIIIIHU-
OHHBIX (hakTOpoB. YuuThIBasg TOT (akt, uro Egr-1
u Sp-1 perynupyroT TPaHCKPHUIIIIHIO TE€HOB, acco-
[MAPOBAHHBIX C MATOTEHE30M SI3BEHHOH OO0Je3HU
xKeryaka (GakTopbl pocTa, PEeryiasTopbl KIeTO4-
HOrO IHKJIa W T.J.), IEJbI0 JaHHOH paboThl ObLia
MpPOBEPKAa UX YUYaCTHSI B MEXaHU3MaX pPa3BUTHUSA
CTpecc- U aCIMPUHBBI3BAHHBIX MMOPAKCHUH JKETy/-
ka. MccnenoBanus mpoBeneHbl Ha KPhICaX-CaMIlax
(180-220 1). SI3BBI JKeTyIKa MOIETUPOBAIIA BOITHO-
uMMOOHIn3aunoHHBIM cTpeccoM (BU-ctpecc) min
BBesieHueM acnupuna (10 mr/100 ). JKuBOTHBIX
ymepTBisau yepe3 20 muH, 1 u 3 4. Dkcnpeccuro
MPOTENHOB OMpeNesiiIn MeTofoM BectepH-050T
ananmsa u [1L[P ¢ oOpaTHO# TpaHCKpHUIIITHEH; ypo-
BeHb SH-rpynm — ¢ HUCHONb30BaHUEM peaKkTHBa
OnaMaHa. YCTaHOBJIEHO, YTO MOCTEICHHOE YBEJIH-
YCHHUE TUIOIMIAAN SPO3UBHO-SI3BCHHBIX MOPAKECHUM
JKeJTyZKa KPBhIC aCCOLIMUPOBAIOCH C YMEHBIIEHUEM
B 2 paza (P < 0,05) ypoBHs mpoTenHOBLIX SH-TpyIII
B €r0 CIIM3UCTOM 000JI04Ke. DTH N3MEHEHUS BHI3Ba-
JIY IOCTOBEPHOE MOBBINIEHUE 3KCIIPECCHHU TPOTEHHA
u MPHK Egr-1 Ha 06enx mofnensx s3B, npudyem 00-
nee 3HauuTenbHoe Ha (one BU-crpecca. [loBbiie-
Hue ypoBHA Egr-1 conpoBoxkaaiocs napajienbHbIM
CHIDKEHHEeM ypoBHS Spl. BriepBwie ycTaHOBIEHO,
YTO PEIOKCUYBCTBUTEIBHBIE TPAHCKPUIIIINOHHBIE
¢axtopsl Egr-1 u Spl BcTynaroT B KOHKYpEHTHOE
B3aUMOJICHCTBHE HAa PAaHHUX 3TaIax s3B000Opa3oBa-
HUS B JKEIYJAKE, YTO MOXKET CIIOCOOCTBOBATH YBE-
JTUYEHUI0O WHAYIUOCTHHON TPaHCKPHUIIIIHOHHON
aktuBHOCTH Egr-1 3a cuet ymenbmenus Spl Tpasc-
KPHUITIIHOHHON aKTUBHOCTH.

KnrmodeBble CJI0Ba: TPAaHCKPUIITHOHHBINA
dakTop, Egr-1, Sp-1, s3BeHHass 0OJIC3HB JKETYAKA,
CTpecC, aCITUPHH.
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