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Abstract

AIM: To investigate the effect of serum derived from
rats treated with electroacupuncture at stomach meridian
acupoints on the expression of epidermal growth factor
receptor (EGFR) gene in gastric mucosal cells.

METHODS: The stress-induced gastric mucosal injury
in rat model was established by water-immersion and
restrained stress methods. 52 rats were randomly
divided into: normal group (7 = 8), model group (7 =
8), model serum group (7 = 12), stomach serum group
(n = 12), and gallbladder serum group (7 = 12). The
gastric mucosal cells were separated by pronase-EDTA
digestion method and incubated with serum. The EGFR
gene expression in gastric mucosal cells was detected by
reverse transcription-polymerase chain reaction (RT-PCR)
method.

RESULTS: Compared with normal group (0.6860 =+
0.0594), the serum derived from rats of the stomach
group (1.2272 + 0.0813, » = 0.00 < 0.01) and
gallbladder group (0.9640 + 0.0387, » = 0.00 < 0.01)
had a tendency to enhance the EGFR gene expression
in gastric mucosal cells. Such tendency existed in the
model group (0.7104 + 0.0457) but with no significant
difference (P = 0.495 > 0.05) and in model serum group
(0.8516 £ 0.0409) with an extremely obvious difference
(P =0.001 < 0.01). Furthermore, the EGFR gene
expression in stomach serum group was significantly
higher than that in gallbladder serum group (P = 0.00 <
0.01).

CONCLUSION: The present study shows that serum

derived from rats treated with electroacupuncture at
stomach meridian acupoints can distinctly increase
the EGFR gene expression of gastric mucosal cells.
Therefore, there is certain meridian specificity in the
serum, which could provide a proof for the TCM theory
“particular relation between meridian and internal
organ”.
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INTRODUCTION

Gastric mucosal damage is a common pathological
reaction in the diseases of the digestive system. The
acupuncture and moxibustion are very effective cure
for this damage“’zl. Previous experimental studies
demonstrated that epidermal growth factor (EGF) and
transforming growth factor-oo (TGF-a) were the most
important peptides for the repair of the gastric mucosal
injury”. Acupuncture at gastric meridian acupoint could
alter gastric motility and secretion and also the content of
gastrin, substance P, EGF and TGF-q in serum and gastric
mucosa ™. Recent research indicated that EGFR was
closely related to the healing of impaired gastric mucosa,
which was of great importance to the gastric mucosal
protection and repair after damagem. The EGFR belongs
to the family of trans-membrane tyrosine protein kinase
(TPK). Activation of EGFR stimulates cell proliferation,
differentiation, adhesion, and migrationp’g]. The aim of this
study was to examine the effect of serum derived from
rats treated with electroacupuncture at stomach meridian
acupoints on the expression of EGFR gene in gastric
mucosal cells. This would hopefully clarify the humoral
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mechanism of acupuncture effect on gastric mucosal cells
and the essential correlation of the meridian acupoints and
internal organs.

MATERIALS AND METHODS

Reagents

Pronase and dithiothreitol (DTT) wete purchased from
MERK. Bovine serum albumin (BSA) was obtained
from Biosharp. Percoll was purchased from Pharmacia,
Dulbecco’s Modified Eagle Medium (DMEM) from
Hyclone, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES) from Biosource, Trizol reagent was obtained
from Invitrogen. AMV reverse transcriptase, ribonuclease
inhibitor (RNasin), dNTPs, Taq DNA polymerase, 100 bp
DNA ladder, diethylpyrocarbonate (DEPC), oligodT18
primer, and gelose were purchased from Promega.
Tyrosine kinase inhibitor (PD153035) was purchased
from Calbiochem. EGFR and the internal control,
glyseraldehyde-3-phosphate dehydrogenase (GAPDH)
were obtained from Invitrogen. All other reagents were
analytically pure.

The stress-induced gastric mucosal injury in rats
Water-immersion and restrained stress methods were
adoptedm. Before modelling, the experimental rats were
fasted for 24 h and had free access to water only. Rats were
fixed on boards and were immersed vertically in a homeo-
static bath at 23 + 1°C for 10 h, with the liquid sutface up
to the level of the xiphoid process of the sternum.

Experimental design

Sprague-Dawley (SD) male and female rats, with an aver-
age weight of 200 * 30 gm, were supplied by the Experi-
mental Animal Center at Hunan Agriculture University
(Permission number: 20030316) 2 wk before the experi-
ment. During this period, they had access to Purina rat
chow and water. Animals were fasted overnight before the
experiments. Fifty-two rats were randomly divided into
normal group, model group, model serum group, stomach
serum group and gallbladder serum group. 8 rats were in
the normal group and model group. Each of the model
serum group, stomach serum group and gallbladder serum
group included 12 rats.

Four rats of each of the model serum group, stomach
serum group, and gallbladder serum group were selected
at random for deriving serum, and the remaining 8 rats
were used for isolating gastric mucosal cells. Acupoints
location was defined by reference of rat-acupoint-atlas
and analogy to human body"". According to the induction
stated above, three pairs of acupoints consisting of
Sibai (ST 2), Liangmen (ST 21), and Zusanli (ST306) in
the stomach Meridian, were designed, which represent
acupoints of different level (head, trunk, and limb). Also, 3
pairs of acupoints of the gallbladder Meridian in the same
horizontal level were selected: Yangbai (GB 14), Riyue
(GB24), and Yanglingquan (GB 34).

Pairs of stainless-steel needles of 0.25 mm in
diameter were inserted into the acupoints stated above
in experimental rats. The needles were connected to
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the output of an electronic pulse generator, a medical
electroacupuncture stimulator (Model G6805-1, made by
Shanghai Medical Electro-apparatus Factory, China), which
achieves intermittent-and-irregular wave (intermittent
wave: 4 Hz, irregular wave: 20 Hz), constant time of 30
min per day, ten days, while there was a light vibration in
the lower limbs of rats.

Isolation of gastric mucosal cells

Animals were fasted overnight before the experiments. All
experiments were performed using freshly isolated gastric
mucosal cells. The contents of the stomach were washed
out with phosphate-buffered saline (PBS). The stomach
was then ligated at the base of the forestomach and the
proximal end of the antrum to obtain mucosal cells pri-
marily from the oxyntic region. After being transformed
into inside-out gastric bags, they were filled with 2.5 mL
of 1 mg/mL pronase solution in buffer A (0.5 mmol/L
NaH2POs4, 1.0 mmol/L NazHPOs4, 20 mmol/I. NaHCOs,
80 mmol/L NaCl, 5.0 mmol/L KCI, 50 mmol/L HEPES,
11 mmol/L glucose, 0.02 mmol/L BSA, 2 mmol/L
EDTA, pH 7.4). The filled gastric bags were incubated
in pronase-free buffer A at 37°C for 30 min. The gastric
bags were then transferred into buffer B (0.5 mmol/L
NaH2POs4, 1.0 mmol/L. NazHPOs, 20 mmol/I. NaHCOs,
80 mmol/L NaCl, 5.0 mmol/L KCI, 50 mmol/L HEPES,
11 mmol/L glucose, 0.01 mmol/L BSA, 1 mmol/L
CaCl, 1.5 mmol/L MgCl, pH7.4) and gently agitated by
a magnetic stirrer at room temperature for 1h. The gas-
tric mucosal cells dispersed in buffer B were collected by
centrifuging at 3000 rpm for 5 min and subsequently re-
suspended in serum-free DMEM" ",

Serum collection

The blood was sampled from carotid artery after rats were
treated according to the requirement of experimental pro-
cedures. Then the blood was transferred into centrifuge
tubes and placed steadily for 2 h at 37°C. Tubes were cen-
trifuged at 2500 rpm for 10 min. The serum was carefully
sucked and frozen at -20°C. The gastric mucosal cells were
incubated with 100 mL/L serum at 37°C for 30 min in the
experimentm’m.

RNA extraction

Following the treatment stated above, gastric mucosal cells
obtained from each rat were collected in Eppendorf tubes
and kept in the -80°C. Eight samples from each group
were selected randomly for RNA extraction. Total RNA
was isolated from samples of gastric mucosal cells by using
a guanidium isothiocyanate/phenol chloroform single step
extraction kit from Stratagene. Total RINA was precipitated
in ethanol and resuspended in sterile RN Aase-free water
for storage at -80°C untill use. Total RNA was quantified
spectrometrically at 260 nm, and the quality of isolated
RNA was analyzed on agarose gels under standard condi-
tions.

Reverse transcription reaction
Total RNA (10 uL, about 0.5 pg/sample) was reverse
transcribed (RT) using oligo (dT) 18 primers 1 pl, 5 X
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Figure 1 Electrophoresis of EGFR mRNA and GAPDH
mRNA RT-PCR product in gastric mucosal cells. M:
Marker; A: Normal group; B: Model group; C: Model
serum group; D: Stomach serum group; E: Gallbladder

426 bp GAPDH  serum group.

EGFR Forward primer: 664 bp
5'-AGT GGT CCT TGG AAA CTT GG-3'
Reverse primer:
5'- GTT GAC ATC CAT CTG GTA CG-3'
GADPH  Forward primer: 426 bp

5'-TGC TGA GTA TGT CGT GGA GTC -3'

Reverse primer:
5'-AAG GCC ATG CCA GTG AGC TTC -3

RT-buffer 4 uL, dNTPs (10 mmol/L) 1 pL, RNasin (20
MU/uL) 0.5 pL, M-MULV reverse transcriptase (200
MU/uL) 1 pL, and DEPC-treated water 2.5 pL in a 20
uL reverse transcription reaction system. The reaction was
performed at 42°C for 30-60 min so that target mRNA
was transcribed into cDNA. The tubes were cooled and
centrifuged for several seconds.

Polymerase chain reaction (PCR)

An aliquot of the RT product of each sample (1/20 of the
total volume) was used in the PCR amplification reactions
for EGFR and GAPDH. The PCR reaction contained 4
uL ¢cDNA, 10 X PCR buffer 5 pL, dNTPS (10 mmol/L)
1 pL, oligonucleotide primers sense/antisense (10 mmol/
L) 1 uL. (primer sequences are stated below), Taqase 1
ul, ddH20 32 ul in a total volume of 50 pl.. Reaction
mixtures were incubated for predenaturation at 94°C for
2 min, followed by 38 cycles for EGFR (denaturation at
94°C for 30 s, annealing at 53°C for 1 min, and extension
at 72°C for 1 min) and 25 cycles for GAPDH (denaturation
at 94°C for 30 s, annealing at 56°C for 30 s, and extension
at 72°C for 30 s), and a final extension at 72°C for 5 min.

Primer design and the RT-PCR product electrophoresis

To use of the relatively quantitative method to measure
EGFR gene expression, rat GAPDH was selected as in-
ternal control substance. The primer sequences and sizes
of amplification products are as shown in Table 1. Five
microliter PCR products were analyzed on 10 g/L agarose
gel containing ethidiumbromide with TBE buffer at 80 V
for 40 min and photographed under UV illumination. The
band intensities were quantified by densitometry. EGFR
and GAPDH PCR products were, respectively, 664 and
426 base pairs (Table 1). EGFR and GAPDH were deter-
mined by computer-assisted densitometric scanning. Sig-
nals were quantified by density analysis of the digital im-
ages using Eagle Eye II image software (Stratagene) and
EGFR/GAPDH quotient indicated the relative expression
of EGFR. Experiments were performed in triplicate.

Statistical analysis
The data for each group were expressed as mean + SD.

Group EGFR mRNA/GAPDH mRNA
Normal group 0.6860 + 0.0594
Model group 0.7104 + 0.0457"
Model serum group 0.8516 + 0.0409"
Stomach serum group 1.2272 +0.0813"
Gallbladder serum group 0.9640 + 0.0387""

"P < 0.01 vs Model group; ‘P < 0.01 vs Stomach serum group.

Comparison between groups was assessed using one-
way analysis of variance (ANOVA). Differences were
considered statistically significant if the P value was less
than 0.05. Software SPSS 13.0 was used in all statistical
tests.

RESULTS

Expression of EGFR gene in gastric mucosal cells

By using RT-PCR, the EGFR gene expression in gastric
mucosal cells were detected in rats of normal group and
model group as a weak signal but it was well-defined
among other groups: model serum group, stomach serum
group and gallbladder serum group. Compared with
Model serum group, the serum in stomach serum group
and gallbladder serum group appeared to up-regulate
significantly the EGFR gene expression in gastric mucosal
cells, P < 0.01, and obvious difference between stomach
serum group and gallbladder serum group was found (P <
0.01). However, there was no difference between normal

group and model group, P > 0.05 (Table 2; Figure 1).

DISCUSSION

According to the classical Traditional Chinese Medicine
(TCM) theory, there is a particular relation between
meridian acupoints and viscera and the functional activities
of the organism can be regulated by acupuncture at the
meridian acupoints. However, it is still unknown how
the acupuncture regulates the functional activities of
the organism, and what is essential for the relationship
between meridian acupoints and viscera. The present study
proved that the acupuncture at the stomach meridian
acupoints could improve gastric mucosal protection
mechanism and that it is a very effective cure for
gastrointestinal diseases™"". Acupuncture at acupoints of
Sibai (S§T2), Liangmen (ST21), and Zusanli (ST36), could
produce certain ameliorative effect through the following
mechanisms: augmentation of the gastric antrum,
reinforcement of pressure on gastric pyloric sphincter,
stimulation or inhibition of related gastrointestinal peptide
secretion "™ All of these have provided experimental
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evidence for the theory of “Particular relationship
between gastric meridian and the stomach”. However, the
functional mechanism of the repair of gastric mucosal
lesion is not entirely clear, and the humoral factor of
acupuncture and moxibustion effect is still unknown.

The mucosal lining of the gastrointestinal tract,
especially the stomach, is easily exposed to a variety of
exogenous injurious agents, including non-steroidal anti-
inflammatory drugs and ethanol. Each of these agents
either alone or in combination with others may induce
mucosal injury. However, a number of in vivo and in vitro
studies have demonstrated that the gastric mucosa of
animals possesses the inherent capacity to tepair after mild
injury"”. The cellular protective functions against damage
maybe accomplished in several ways. There are evidences
for participation of both the early phase of epithelial
repair, known as restitution, marked by increased cell
migration but no proliferation, and the delayed phase of
cell renewal, marked by proliferation, differentiation and
migration[zo’m].

In general, EGFR is one of the recently described
members of cell membrane proteins. It is made of 1186
amino acids. As a trans-membrane receptor of tyrosine
protein kinase family, EGFR plays a very important role in
regulating healing process of damaged gastric mucosa, and
regulates cell metabolism, proliferation, differentiation,
migration and other biological phenomena. Many studies
indicated that there was an elevated EGFR expression
during the healing course of damaged gastric mucosa.
Therefore, EGFR is of a great importance to the gastric
mucosal protection and injury healing™*". The relationship
between EGFR and its downstream signal transduction
pathway and the healing of gastric mucosal injury is
increasingly becoming a focus of researchers’ attention.
This study assessed, by RT-PCR methods, the EGFR
mRNA expression in gastric mucosal cells of the rat after
incubation with 10% serum for 30 min. The data showed
that EGFR mRNA expression in gastric mucosal cells was
enhanced shortly after incubation with the serum derived
from the rats. Meanwhile, it was proved that the serum
derived from the rats treated with electroacupuncture
had an obvious tendency to stimulate the EGFR mRNA
expression in gastric mucosal cells. In addition, EGFR
mRNA expression in stomach serum group was much
higher than that in model serum group and gallbladder
serum group. Therefore, we hypothesize that the serum
derived from rats treated with electroacupuncture contains
many kinds of active substances that stimulated the EGFR
gene in the gastric mucosal cells. This study also indicated
that the discrepancy in the expression of EGFR gene
may be the underlying mechanism of different effect of
electroacupuncture at acupoints of gastric meridian and
that of gallbladder meridian. Thus, this could be a proof
for the TCM theory “particular relation between SMFY
and the stomach”. The active substance (s) in the serum
derived from the rats treated with electroacupuncture
at stomach meridian acupoints is (are) unknown, and
therefore, more research using proteomic technology is
needed.
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