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Summary
Background: Epidermal growth factor (EGF) receptor ligands (EGFRL) including transforming growth fac-

tor alpha (TGF-α), amphiregulin, and heparin binding – EGF (HB-EGF) are involved in gas-
tric mucosal repair in chronic gastritis. Their mRNA expression has been shown to be upreg-
ulated after Helicobacter pylori (H.p.)-eradication but little is known about this gene expression
in atrophic gastritis. The purpose of our study was to investigate EGFRL mRNA expression in
gastric mucosa of patients with atrophic gastritis before and after H.p.-eradication.

Material/Methods: Antral mucosal biopsies were obtained during endoscopy in 10 H.p. positive patients with
atrophic gastritis and in 10 H.p. negative controls with intact mucosa. Total RNA of antral
biopsies was extracted and RT-PCR was performed, the PCR-products being measured den-
sitometrically. Values were compared with mRNA expressions in H.p. negative antral mucosa
(n=10).

Results: Gastric biopsies revealed mRNA expression for TGF-α, amphiregulin and HB-EGF, both in
H.p. positive atrophic antritis and in H.p. negative healthy mucosa. The mRNA expression of
TGF-α in atrophic gastritis was significantly upregulated after H.p.-eradication, whereas that
of amphiregulin did not change after this eradication. Expression of HB-EGF mRNA was
higher in H.p.-infection than after H.p.-eradication or in H.p. negative healthy subjects.

Conclusions: H.p. positive atrophic gastritis is associated with differential mRNA expression of EGF recep-
tor ligands. H.p.-eradication in this entity leads to unequal changes of these growth factor
expressions compared to chronic active gastritis without atrophy.
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BACKGROUND

Helicobacter pylori (H.p.) causes chronic active inflamma-
tion of the gastric mucosa in the majority of infected
patients. Over long time it favors the loss of gastric
glands with development of atrophic gastritis in up to
84% of patients [1]. This may be associated with the
occurrence of intestinal metaplasia and increased risk
for gastric cancer [2]. Various mechanisms for the
pathogenesis of gastric cancer are discussed, including
inflammation-related cascades of cytokines generation
of reactive oxygen species (ROS), up- or downregula-
tion of certain growth factors and their receptors, and
the fundic atrophy-related impairment of acid output
and reduced intraluminal acidity [3].

One of the growth factors, which are involved in epithe-
lial cell proliferation and differentiation of the gastric
mucosa, is the epidermal growth factor (EGF) [4,5],
which binds to a specific cell receptor (EGF-R) [6].

Meanwhile, other EGF-homologous peptides (e.g. trans-
forming growth factor-α – TGFα, amphiregulin and
heparin-binding EGF – HB-EGF) have been detected.
Some of them have been shown to be expressed in nor-
mal and cancerous gastric mucosa [7-11]. There are
hints to suppose an association between EGF ligands
(EGFRL) expression and H.p. infection [12]. Previously,
we revealed that expressions of EGF receptor and
mRNA of TGF-α, amphiregulin and HB-EGF are
decreased in H.p. induced chronic active gastritis and
that they are upregulated after successful eradication
therapy [13].

The aim of our study was to evaluate whether similar
changes of gene expressions of these growth factors are
detectable in H.p. positive atrophic gastritis before and
after H.p. eradication and to compare growth factor
expression in atrophic gastritis with these in healthy
H.p. negative intact gastric mucosa.

MATERIAL AND METHODS

Patients

10 patients with histologically proven atrophic gastritis
and 10 healthy subjects with normal mucosa were endo-
scopically examined and biopsies were taken from the
antral mucosa. H.p. status was confirmed by rapid ure-
ase test (CLO). The biopsies were immediately frozen at
–80°C with liquid nitrogen until further processing for
RNA extraction. In H.p. positive patients the endoscopi-
cal re-evaluation with CLO test was performed 8 weeks
after successful 1-week standard anti-H.p. eradication
therapy with omeprazol (20 mg/bd), clarithromycin (250
mg/bd) and amoxicillin (500 mg/td).

The study was approved by the Local Ethical Commit-
tee of Münster University and informed consent was
obtained from all patients.

RNA extraction and DNA digestion

After tissue homogenisation by ultrasound (Labsonic
1510, Braun, Melsungen, Germany) total RNA was
extracted with the acid guanidinium thiocyanate phenol
method as described before (14). The RNA pellet was
air dried and resuspended in HPLC grade water (18
mega Ohm resistance). RNA concentration was deter-
mined spectrophotometrically at 260 nm. To avoid
DNA contamination RNA template was incubated with 1
U RNAase free DNAase (Promega/Serva, Heidelberg,
Germany) in a buffer containing 50 mM Tris-HCl, pH
7.5, 1 mM MgCl2, 1 mg/ml BSA at 37°C for 15 min.
Before further processing DNAase was heat inactivated
at 95°C for 2 min.

Semiquantitative RT-PCR

3 µg RNA was subjected to RT-PCR for 1 h at 37°C
using 20 U MuLV Reverse Transcriptase (Boehringer
Mannheim, Germany) in a 5-fold buffer supplied with
the enzyme (250 mM Tris-HCl, 200 mM KCl, 30 mM
MgCl2, 50 mM dithioerythriol, pH 8.3). The final con-
centration of desoxy-nucleotide triphosphates (dNTP-
Mix, Promega/Serva) was 1 mM.

20 U of ribonuclease inhibitor (RNAsin, Promega/Serva)
and 100 pmol random primer (Boehringer Mannheim,
Germany) were added to yield a final volume of 20 µl.
All substances were pipetted on ice. The cDNA obtained
by reverse transcription (RT) was amplified by PCR
using the following primer pairs selected with the com-
puter program Oligo 5.0 (NBI Inc, Annapolis, MN,
U.S.A.) and commercially synthesized and purified by
HPLC (Biometra, Göttingen, Germany). Annealing tem-
peratures and length of the PCR products are shown in
parenthesis:

1. TGF-α
5’-Primer: 5’ CGC CCT GTT CGC TCT GGG TAT
3’-Primer: 5’ AGG AGG TCC GCA TGC TCA CAG
(55°C, 264 bp)

2. Amphiregulin
5’-Primer: 5’ AGT CAG AGT TGA ACA GGT AGT TAA G
3’-Primer: 5’ ACT GTA ATA ACA GCA ACA GCT GTG A
(53°C, 360 bp)

3. HB-EGF
5’-Primer: 5’AAA AGA AAG AAG AAA GGC AA
3’-Primer: 5’CTC CTA TGG TAC CTA AAC AT
(55°C, 290 bp)

Additionally as internal standard for RNA quality and
quantity we used the pyruvate dehydrogenase sequence
(PDH), an unregulated housekeeping gene [15]. Like
most of the primers for EGFRL primers for PDH were
placed on two different exons. The sequences of the
PDH primers were:

5’-Primer: 5’GGT ATG GAT GAG GAC CTG GA
3’-Primer: 5’CTT CCA CAG CCC TCG ACT AA
(62°C, 105 bp)
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These primers yielded a DNA signal at approximately
240 bp thereby conveniently allowing to monitor DNA
contamination. The DNAase treatment effectively elimi-
nated amplification of DNA, which might interfere with
the quantitation of mRNA. PCR was performed in a
thermocycler (Gene Ataq Controller, Pharmacia, Upp-
sala, Sweden). For all EGFRL optimal PCR conditions
such as annealing temperatures as well as primer – and
– MgCl2-concentrations were established in pilot experi-
ments and followed the procedures as described [13,16].
The denaturation step was performed at 95°C for 45
sec, annealing time was 1 min and primer extension was
carried out at 72°C for 1 min. For amplification of the
desired cDNA we used 2.5 U of Taq DNA polymerase
(Gibco BRL, Gaithersburg, MD, U.S.A.) in 10 µl of 10-
fold buffer supplied with the enzyme (20 mM Tris-HCl,
50 mM KCl, pH 8.4) to which 2 µl of 10 mM dNTP-Mix
(Promega/Serva), MgCl2 to a final concentration of 2
mM and 30 pmol of primers were added to yield a final
volume of 100 µl.

To compare RNA expression of gastric biopsies before
and after eradication therapy we performed a modified
semiquantitative PCR analysis [17] in which for all
primer pairs, including the housekeeping gene, the
amount of PCR products was determined in 3-cycle
intervals starting from cycle 24. PCR products were sub-
jected to agarose gel electrophoresis with 1.5% agarose
in Tris-acetate-EDTA-buffer (Merck, Darmstadt, Ger-
many) as described [18]. Gels were stained with ethidi-
um bromide (0.5 µg/ml, Boehringer, Mannheim, Ger-
many), visualized on a UV-screen, photographed on
Polaroid and photographs were saved on disk. Band
intensities were measured by soft laser scanning densito-
metry and analysed with the computer program Image
Quant Version 4.2 (Molecular Dynamics, Sunnyvale,
CA, U.S.A.). Optical densities (ODI) were determined in
arbitrary units.

For each RNA sample and primer pair we obtained
PCR kinetics by correlating ODI’s with the cycle num-
ber. This enabled us to select one cycle for comparison
within the exponential phase of the curves. For each
RNA sample quantitative PCR was also performed with
the PDH primer pair. ODI of specific primer pairs were
quantitated relative to PDH kinetics leading to ODI-
ratios, which allowed us to compare different RNA sam-
ples. This technique has been extensively evaluated and
was found to have an interassay variation between 17 to
34% for the different primer pairs [16].

Identity of amplification products was verified by
restriction analysis. TGF-α and HB-EGF were incubated
with 3U BsuR I (MBI Fermentas, St. Leon-Rot, Ger-
many) in a buffer containing 10 mM Tris-HCl, 10 mM
MgCl2, 100 mM KCl, pH 8.5 while amphiregulin was
incubated with 3U Alu I (MBI Fermentas) in a buffer
containing 33 mM Tris-acetate, 10 mM Mg-acetate and
66 mM K-acetate, pH 7.9 for 30 min at 37°C. Restriction
fragments were separated by agarose gel electrophoresis
as described above [16].

Statistical analysis 

Data were statistically analysed with the paired Student
t-test. Differences with P<0.05 were considered as sig-
nificantly different.

RESULTS

The mRNA expression of TGF-α, amphiregulin and
HB-EGF was measured in optical density units and was
correlated with the cycle number (Fig. 1). Cycle 39 was
chosen for mRNA determination of EGFRL and cycle
33 for determination of PDH. Optical density units were
divided to obtain ODI ratios.

TGF-α and HB-EGF mRNA were found to be regularly
expressed in samples of normal gastric mucosa (100 and
90%, respectively) and atrophic gastric mucosa (90 and
100%, respectively), whereas the amphiregulin expres-
sion was only detected in 60% of normal gastric mucosa
and 40% of atrophic gastritis mucosa (Tab. 1).

To reveal expression of the EGFRL in a semiquantita-
tive manner, the appearance of the amplified DNA sig-
nals was assessed relative to that of the housekeeping
gene, PDH. Under our PCR conditions the amplifica-
tion efficiency of the primer pairs for EGFRL was simi-
lar to that of PDH.

TGF-α mRNA expression

TGF-α mRNA expression was reduced in H.p.-infected
atrophic gastritis (ODI ratio 0.12±0.06) but revealed

TGF-α
HB-EGF
Amphiregulin

Normal gastric
mucosa(n=10)

10 
9 
6

Atrophic gastritis
(n=10)

9 
10 
4 

Table 1. Occurrence of mRNA expression of EGFRL in normal and
atrophic gastritis
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Figure 1. The mRNA expression of TGF-α, amphiregulin and HB-EGF
in the antral mucosa of a patient with H.p.-positive atrophic
gastritis. Data were correlated to the cycle number. Cycle 39
within the exponential phase of the curve was selected for
comparison of the mRNA levels.
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significantly higher expression levels after H.p.-eradica-
tion (ODI-ratio 2.52±4.7, p<0.01). The latter reached
approximately the mRNA expression observed in nor-
mal gastric mucosa (Fig. 2, 3a).

HB-EGF mRNA expression

The mRNA expression of HB-EGF was significantly
higher in H.p.-positive atrophic gastritis (ODI ratio
2.22±1.85, p<0.03, Fig. 2, 3b), when compared to H.p.-
negative normal mucosa (1.29±0.96). Following the
H.p. eradication the mRNA of HB-EGF tended to
increase but this increase did not reach statistical signifi-
cance.

Amphiregulin mRNA expression

The mRNA expression of amphiregulin was similar in
normal gastric mucosa (ODI ratio 1.03±1.04), H.p.-pos-
itive (ODI-ratio 0.87±1.13) and H.p.-negative (ODI-
ratio 0.74±1.20) atrophic gastritis and revealed no sig-
nificant differences between these three types of mucosa
(Fig. 2).

DISCUSSION

EGF and its homologous EGFRL bind to the EGF
receptor, stimulate autophosphorylation by the intrinsic
tyrosine activity of the receptor and induce intracellular
signal transduction [19,20]. Previous immunhistochemi-
cal studies detected local expression of these growth fac-
tors in the human gastric mucosa [13,21,22]. As they are
known to mediate angiogenesis [23] and stimulation of
fibroblasts and smooth muscle cells [24,25], it has been
suggested that they play an important role in regenera-
tive processes of the gastrointestinal tract.

Previously, we described that mRNA expression levels
of TGF-α, HB-EGF and amphiregulin are markedly
decreased in the H.p.-infected stomach and increased
significantly after successful H.p.-eradication to levels of
mRNA expression in normal gastric mucosa [13]. In this
connection antral mucosa revealed a more severe injury
by H.p. infection than the oxyntic mucosa. This remains

in agreement with recent study showing that H.p. eradi-
cation in duodenal ulcer patients results in normaliza-
tion of EGF and EGF receptor expression in gastric
mucosa after six weeks [26] or two years following eradi-
cation [27].

The aim of the study was to examine the mRNA expres-
sion of these growth factors in H.p. infected atrophic
gastric mucosa before and after eradication therapy and
to compare the data with the expression levels in nor-
mal gastric mucosa. The question is of special interest
since reduction or reversibility of atrophic gastritis was
described after eradication of H.p. [28] and since
expression of growth factors such as TGF-α, and hepa-
tocyte growth factor (HGF) may contribute to gastric
cancerogenesis [29] following atrophic gastritis and gas-
tric dysplasia.

TGF-α expression pattern in our patients with atrophic
gastritis was similar to that in H.p.-induced chronic
active gastritis without gastric atrophy [13]. It was
markedly reduced in H.p.-infection but increased after
successful eradication therapy. This finding again con-
firms the reports of other authors who also revealed a
marked reduction in mucosal cytokine levels signifying
enhanced mucosal inflammation, and increased EGF
levels after H.p. eradication [26,27,30].

The mRNA expression of amphiregulin was only detect-
ed in 40% of H.p. positive atrophic gastritis and did not
show significant changes after H.p. eradication. The low
occurrence and unchanged expression levels indepen-
dent on the H.p.-status may signify only slight influence
of this growth factor on the healing process of atrophic
gastritis.
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Figure 2. Levels of EGFRL mRNA expressions in normal, H.p.-infected
and H.p.-eradicated atrophic gastric mucosa (ODI ratios:
EGFRL/PDH). Asterisk indicates significant change as com-
pared to values recorded in H.p. negative intact mucosa.
Cross indicates significant change as compared to H.p.
infected atrophic gastritis.

Figure 3 a-c. EGFRL-RT-PCR products of two different RNA samples
of the same patient. Each RNA sample is represented on the
agarose gel by 6 lanes containing PCR products from cycle
numbers 30, 33, 36, 39, 42 and 45. Lanes 1-6 show the
band intensities of TGF-α, HB-EGF and amphiregulin in the
antral mucosa before, lanes 7-12 after eradication therapy.
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Interestingly, mRNA expression of HB-EGF was higher
in H.p. positive atrophic gastritis compared to normal
gastric mucosa and decreased after H.p. eradication.
This may hint a hyperregenerative activity, especially
for stimulation of fibroblasts, in acute H.p.-infection and
would agree with data of increased mucosal cell prolif-
eration in H.p.-infected gastric mucosa [31].

It is still a matter of debate if H.p.-eradication reverses
atrophy in chronic gastritis. Some authors revealed
improvement of all gastritis scores including atrophy
and lymphoid follicle score [32], whereas others cast
doubt on the reversibility of gastric atrophy [33].

Our data emphasize that local expression of regenera-
tive growth factors in the H.p.-positive atrophic gastritis
are partially changed due to successful eradication ther-
apy [34]. This may be associated with a possible
reversibility of gastric atrophy and should be further
examined in long-term follow-up studies.

CONCLUSIONS

This study shows that H.p. positive gastritis is associated
with a marked upregulation TGF-α, whereas expression
of mRNA for amphiregulin did not change and expres-
sion of HB-EGF was reduced after H.p. eradication as
compared to that before this therapy or that in H.p.
negative healthy subjects. We conclude that eradication
of H.p. in atrophic gastritis is associated with differential
mRNA expression of various EGFRL characterized by
enhanced expression of mRNA for TGF-α, no change in
expression for amphiregulin and reduced expression
for HB-EGF.

REFERENCES

1. Kokkola A, Rautelin H, Puolakkainen P et al: Diagnosis of Heli-
cobacter pylori infection in patients with atrophic gastritis: compar-
ison of histology, 13C-urea breah test, and serology. Scand J Gas-
troenterol, 2000; 35: 138-141

2. Kuipers EJ. Review article: Relationship between Helicobacter
pylori, atrophic gastriis and gastric cancer. Aliment Pharmacol
Ther, 1998; 12 Suppl 1: 25-36

3. Sipponen P, Hyvarinen H, Seppala K et al: Pathogenesis of the
transformation from gastritis to malignancy. Aliment Pharmacol
Ther, 1998; 12 Suppl 1: 61-71

4. Dembinski A, Gregory H, Konturek SJ et al: Trophic action of epi-
dermal growth factor on the pancreas and gastroduodenal mucosa
in rats. J Physiol (Lond), 1982; 325: 35-42

5. Blay J, Brown KD: Epidermal growth factor promotes the chemo-
tactic migration of cultured rat intestinal epithelial cells. J Cell
Physiol, 1985; 124: 107-112

6. Forgue-Lafitte ME, Kobari L, Gespach C et al: Characterization
and repartition of epidermal growth factor – urogastrone receptors
in gastric glands from young and adult guinea pigs. Biochem Bio-
phys Acta, 1984; 798: 192-198

7. Beauchamp RD, Barnard JA, McCutchen CM et al: Localisation of
transforming growth factor-a and its receptor in gastric mucosal
cells: implications for regulatory role in acid secretion and mucosal
renewal. J Clin Invest, 1990; 84: 1017-1023

8. Polk WH, Dempsey PJ, Russell WE et al: Increased production of
TGF-α following acute gastric injury. Gastroenterology, 1992; 102:
1467-1474

9. Abe S, Sasano H, Katoh K et al: Immunohistochemical studies on
EGF family growth factors in normal and ulcerated human gastric
mucosa. Dig Dis Sci, 1997; 42: 1199-1209

10. Cook PW, Pittelkow MR, Keeble WW et al: Amphiregulin messen-
ger RNA is elevated in psoriatic epidermis and gastrointestinal car-
cinomas. Cancer Res, 1992; 52: 3224-3227

11. Naef M, Yokoyama M, Friess H et al: Co-expression of heparin-
binding EGF-like growth factor and related peptides in human gas-
tric carcinoma. Int J Cancer, 1996; 66: 315-322

12. Haruma K, Ito M, Kohmoto K et al: Expression of cell cycle regula-
tors and growth factor/receptor systems in gastric carcinoma in
young adults: association with Helicobacter pylori infection. Int J
Mol Med, 2000; 5: 185-190

13. Schiemann U, Konturek JW, Osterhoff M et al: Decreased expres-
sion of epidermal growth factor receptor and mRNA of its ligands
in Helicobacter pylori-infected gastric mucosa. Scand J Gastroen-
terol, 2001; 36: 23-31

14. Chomczynski P, Sacchi N: Single-step method of RNA isolation by
acid guanidinium thiocyanate-phenol-chloroform extraction. Anal
Biochem, 1987; 162: 156-159

15. Schuller I. Reverse transcription/PCR (RT-PCR). In Rolfs I,
Schuller I, Finkh U, Weber-Rolfs I, editors. PCR: clinical diagnos-
tics and research. Berlin: Springer; 1992. p. 99-102

16. Pfeiffer D, Spranger J, Al-Deiri M et al: mRNA expression of lig-
ands of the epidermal-growth-factor-receptor in the uterus. Int J
Cancer, 1997; 72: 581-586

17. Salomon RN, Underwood R, Doyle MV et al: Increased
apolipoprotein E and c-fms gene expression without elevated inter-
leukin-1 or-6 mRNA levels indicates selective activation of
macrophage functions in advanced human atheroma. Proc Natl
Acad Sci (Wash), 1992; 89: 2814-2818

18. Sambrook J, Fritsch EF, Maniatis: Gel elecrophoresis of DNA, and
synthesis of RNA in vitro. In: Ford N, Nolan C, Ferguson M, edi-
tors. Molecular cloning I. A laboratory manual. 2nd ed. New York:
Cold Spring Harbor Laboratory Press; 1989. p. 6. 1-19 and 10. 32-
35

19. Carpenter G: Receptors for epidermal growth factor and other
polypeptide miogens. Ann Rev Biochem, 1987; 56: 881-915

20. Waterfield MD: Epidermal growth factor and related molecules.
Lancet 1989; 1: 1243-1246

21. Murayama Y, Miyagawa J, Higashiyama S et al: Localization of
heparin-binding epidermal growth factor-like growth factor in
human gastric mucosa. Gastroenterology, 1995; 109: 1051-1059

22. Abe S, Sasano H, Katoh K et al: Immunhistochemical studies on
EGF family growth factors in normal and ulcerated human gastric
mucosa. Dig Dis Sci, 1997; 42: 1199-1209

23. Schreiber AB, Winkler ME, Derynck R: Transforming growth fac-
tor-a a more potent angiogenic mediator than epidermal growth
factor. Science 1986; 232: 1250-1253

24. Higashiyama S, Abraham JA, Miller J et al: A heparin-binding
growth factor secreed by macrophage-like cells that is relaed to
EGF. Science, 1991; 251: 936-939

25. Shoyab M, Plowman GD, McDonald VL et al: Structure and func-
tion of human amphiregulin: a member of the epidermal growth
factor family. Science, 1988; 243: 1074-1076

26. Konturek PC, Bobrzynski A, Konturek SJ et al: Epidermal growth
factor and transforming growth factor alpha in duodenal ulcer and
non-ulcer dyspepsia patients before and after Helicobacter pylori
eradication. Scand J Gastroenterol, 1998; 33: 143-151

27. Wong BC, Wang WP, So WH et al: Epidermal growth factor and its
receptor in chronic active gastritis and gastroduodenal ulcer before
and after Helicobacter pylori eradication. Aliment Pharmacol Ther,
2000; 15: 1459-1465

28. Tucci A, Poli L, Tosetti C et al: Reversal of fundic atrophy after
eradication of Helicobacer pylori. Am J Gastroenterol, 1998; 93:
1425-1431

29. Konturek PC, Konturek SJ, Sulekova Z et al: Expression of hepato-
cyte growth factor, transforming growth factor alpha, apoptosis
related proteins Bax and Bcl-2 and gastrin in human gastric can-
cer. Aliment Pharmacol Ther, 2001; 15: 983-999

30. Messa C, Di Leo A, Greco B et al: Successful eradicating treatment
of Helicobacter pylori in patients with chronic gastritis: gastric lev-
els of cytokines, epidermal growth factor and polyamines before
and after therapy. Immunopharmacol Immunotoxicol, 1996; 18: 1-
13

31. Jang TJ, Kim JR: Proliferation and apoptosis in gastric antral
epithelial cells of patients infected with Helicobacter pylori. J Gas-
troenterol, 2000; 35: 265-271



CR58

Med Sci Monit, 2002; 8(2): CR53-58Clinical Research

32. Zerbib F, Lenk C, Sawan B et al: Long-term effects of Helicobacter
pylori eradication on gastric antral mucosa in duodenal ulcer
patients. Eur J Gastroenterol Hepatol, 2000; 12: 719-725

33. Satoh K, Kimura K, Takimoto T et al: A follow-up study of atrophic
gastritis and intestinal metaplasia after eradication of Helicbacter
pylori. Helicobacter, 1998; 3: 236-240

34. Schiemann U, Konturek JW, Assert R et al: mRNA expression of
EGF receptor ligands in atrophic gastritis before and after heli-
cobacter pylori eradication. Gut, 2001; 49: Abstract No. 2288


