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Absence of pepsinogen A3 gene expression in
the gastric mucosa of patients with gastric
cancer
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atrophic gastritis and gastric cancer with
a pepsinogen phenotype lacking Pg3 can
be explained by loss of expression of Pg3
encoding genes throughout the complete
gastric mucosa. The mechanism of such
loss and the importance as a marker for
premalignant degeneration have to be elu-
cidated.
(J Clin Pathol 1995;48:376-379)
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Pepsinogens are proteases secreted by the chief
ne subjects cells of the gastric mucosa. They can be shown
gastritis, 17 in gastric mucosal biopsy specimens, gastric
ric cancer) juice, serum, and urine. Biochemically, dis-
e with pres- crimination can be made between pepsinogen
onding pep- A (PGA) and pepsinogen C (PGC). With the
nce of Pg3 use of polyacrylamide gel electrophoresis
it subjects (PAGE) under non-denaturating conditions,
'g3. In 39 of PGA and PGC are shown to be composed of
ironic gast- serveral different pepsinogen (Pg) isoproteins.'
gastric can- These are called Pg2-5 (PGA), and Pg6 and 7
Mpe without (PGC) in order of decreasing anodal mobility.2
d. However, Previous family and population studies of PGA
(4 normal multigene clusters made it possible to identify

ne atrophic specific genes encoding the different iso-
g3 encoding zymogens.' In addition, nucleotide sequences
the absence of cloned PGA genes were determined.34

The determination of a pepsinogen elec-
g3 encoding trophoresis pattern, or so called pepsinogen
ases ofatro- phenotype, has clinical importance. A clear
r, but rarely correlation has been shown between atrophic
bjects with gastritis or gastric cancer and an electrophoretic
rrelation of pepsinogen phenotype characterised by a weak

or absent Pg3 isozymogen band and a relatively
strong Pg5 band5-'0 (fig 1). This so called "ab-
sent Pg3" phenotype (Pg3- phenotype) can be
found four to five times as often in cases of
atrophic gastritis and gastric cancer as in
healthy controls and patients with benign upper
gastrointestinal disorders.5 The purpose of this

° f study was to gain further insight into the cause
of the "absent Pg3" phenotype and its sig-
nificance in gastric carcinogenesis by a com-
parison of pepsinogen phenotypes and
genotypes in a group of patients with different
clinical disorders.

Figure 1 PGA electrophoresis of serum from seven patients, visualized by
immunoblotting. Patients 1-4 have dominant Pg3 bands. Patients 5-7 have very low
intensity of Pg3. Pg2 is a secondary product of Pg3 and is therefore absent in patients
5-7.

PATIENTS
One hundred and forty six patients (F= 59,
M= 87) were included at referral for diagnostic
gastroscopy for reasons of upper abdominal
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complaints. A further 13 cases (seven men, six
women) were included in the study of the basis
of an endoscopic and histological diagnosis of
gastric cancer. The mean (SD) age was 53
(15-3) years, with a range of 22-92 years.
Endoscopy was performed with Olympus endo-
scopes (GIF-Q10, -Q20). Using standard
biopsy forceps, specimens were taken from the
gastric antrum (n= 2), corpus (n =3) and, in
case of abnormal lesions, from the abnormal
site (n= 5) for histology. Haematoxylin-eosin
stained 4 pm histological slides were assessed
according to the Sydney classification. An ad-
ditional corpus biopsy specimen was taken for
pepsinogen phenotype and genotype as-
sessment. A venous blood sample was obtained
from all subjects after endoscopy. The protocol
was approved by the ethics committee of the
Free University Hospital. Oral informed con-
sent was obtained from each subject.

SAMPLE PREPARATION
Serum samples and biopsy specimens for pep-
sinogen assessment were kept at - 20°C until
analysis. Both serum and supernatant of son-
ified gastric biopsy specimens were treated ac-
cording to the routine protocol for pepsinogen
electrophoresis in our laboratory."'2 Samples
were diluted in electrophoresis buffer up to a
volume of50 jil. Subsequently, 25 ,ul ofstacking
gel buffer containing 40% (wt/vol) sucrose, and
0 1 g/l bromophenol blue were added. Bromo-
phenol blue was used to monitor the elec-
trophoresis front.

POLYACRYLAMIDE GEL ELECTROPHORESIS AND
IMMUNOBLOTTING
Electrophoresis of both serum samples and
biopsy specimens was performed using non-
denaturing polyacrylamide gels, as previously
described.""2 In brief, electrophoresis of all
samples was performed with use of a vertical
polyacrylamide slab gel. After electrophoresis,
the gels containing the gastric biopsy samples
were treated by incubation for 20 minutes at
37°C in a solution of 0-1 molI HCI and 2%
bovine haemoglobin, followed by incubation
for another 40 minutes in a solution of 0- 1 molI
HCI only. Thereafter these gels were stained
for protein during one hour in a solution con-
taining 0-2% Coomassie brilliant blue R250 in
10% (vol/vol) acetic acid and 25% (vol/vol)

isopropanol. The gels were destained in 10%
acetic acid.

After PAGE, gels containing the serum
samples were treated by electroblotting onto a
polyvinylidene difluoride membrane (Im-
mobilon; Millipore).'

In case of a weak band at the Pg3 elec-
trophoresis site, electrophoresis was repeated
after incubation of the sample with an anti-Pg3
and anti-Pg5 monoclonal antibody in order to
distinguish between Pg3 and the comigrating
secondary product of Pg4. In this way, a true
absence of Pg3 could be assessed.

POLYMERASE CHAIN REACTION (PCR)
PGA genes can be distinguished by the length
(in kb) of their largest EcoRI generated DNA
fragment on Southern blots.3 Pg4 is encoded
by a 16-6 and a (very rare) 20-0 gene. Pg5 is
encoded by a 15-0 and a 12-0L gene. Pg3 is
encoded by a 15.0* and a 12-0R gene. The
15-0 and 15-0* genes can be differentiated by
presence of a HindlII restriction site in the 15-0
gene. The two 12-0 genes can be discriminated
by presence of an AvaII restriction site in the
12-0R gene. With this knowledge, presence of
Pg3 encoding genes was assessed in sonified
gastric mucosal biopsy specimens of each in-
dividual.
We used primers 5'-GGCCCTTGTC-

AATGCTTCAG-3' (sense) and 5'-AGAG-
GAGCAATGACCGGGAGCTT1T-3' (anti-
sense) to amplify part of the upstream region
of the PGA genes.413 Sequence differences in
this region were used to assess presence of the
different PGA genes.
PCR was performed in an Air Thermocycler

(type 1605, Idaho Technology), using 0-1U
of Taq polymerase per 25 gl reaction volume
(Supertaq) with the reaction buffer supplied by
the manufacturer (HT Biotechnology),
10 pmol of each primer and 200 piM dNTP's.
The temperature profile was 5 s 93°C; 5 s 56°C;
30 s 72°C for 30 cycles. PCR products were
analysed by electrophoresis on PhastsystemT
(Pharmacia) (fig 2). The different PGA genes
can be recognised as separate bands, due to
small differences in DNA sequence and size.

STATISTICAL ANALYSIS
Univariate statistical analysis was performed
with use of Fisher's exact test. A p value <0 05
was considered significant.

Results
DIAGNOSIS
Endoscopy and histology revealed no relevant
abnormalities in 109 subjects: 58 normal find-
ings, 51 chronic gastritis without atrophy (to-
gether defined as "controls"). Thirty seven
subjects had histological signs of moderate to

2 3 4 5 6 7 8 severe atrophic gastritis of the gastric body.
Thirteen subjects had gastric cancer (table).

Figure 2 Phastgel electrophoresis ofPCR products from the upstream region of the PGA
genes. The different PGA genes are indicated on the left (see methods section for
nomenclature). Lanes 1, 2 and 6-8 are from different patients. Some patients have five
or more genes (for example, patients 1 and 2), due to gene duplication. Patient 8 has no
Pg3 encoding genes. Lanes 3-5 are fiom cosmids containing one or two PGA genes; lane
3 15.0* gene, lane 4 12-OL and 150 genes, and lane 5 12-0R and 16 6 genes.

PG3 PHENOTYPE
Pg3 isoprotein production (Pg3+ phenotype)
was demonstrated in 101 subjects: 82 of the
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Pepsinogen electrophoresis and pepsinogen A-3 gene assessment in relation to diagnosis in
159 patients.

Pg3 genotype genes

Diagnosis Present Absent Pg3 phenotype

Controls 82 0 Protein present
(n= 109) 4 23 Protein absent
Atrophic gastritis 17 0 Protein present
(n = 37) 9 11 Protein absent
Gastric cancer 2 0 Protein present
(n = 13) 6 5 Protein absent

controls (75% of all control subjects), 17 cases

with atrophic gastritis (46%), and only two
gastric cancer cases (15%) (table). A Pg3-
phenotype was thus found in 25% ofthe control
population, which was in significant contrast
with the prevalence of such a phenotype in
54% of subjects with atrophic gastritis (p =
0-0019; Fisher exact test) and 85% of gastric
cancer cases (p<OOOOl). The difference be-
tween atrophic gastritis and gastric cancer cases

was not statistically significant (p=0 095).

PG3 GENOTYPE
The presence of Pg3 encoding genes (Pg3+
genotype) was demonstrated in all 101 cases

with a Pg3+ phenotype (table).
The remaining 58 cases had a Pg3- pheno-

type. In 39 of them, this was shown to be
due to absence of Pg3 encoding genes (Pg3-
genotype): 23 controls (21% of all control sub-
jects), 11 atrophic gastritis (30%), and five
gastric cancer cases (38%). These differences
in prevalence of a Pg3- genotype in the three
subgroups were not statistically significant
(0 173<p<0730 for the various comparisons).
In contrast, in the remaining 19 subjects with
a Pg3 - phenotype, a Pg3 + genotype was found:
four controls (5% of all 86 control subjects with
a Pg3+ genotype), nine subjects with atrophic
gastritis (9/26=35%), and six subjects with
gastric cancer (6/8=75%). Thus the presence
of unexpressed Pg3 encoding genes occurred
significantly more often in cases with atrophic
gastritis (p = 0.0002) or gastric cancer

(p<00001), when compared with controls.
The difference between the first two subgroups
did not reach statistical significance (p = 0 10).

Discussion
The electrophoretic patterns of pepsinogen A
show large interindividual differences with re-

spect to the presence and the relative intensities
of the specific isoprotein bands. Different in-
vestigators have noted an association between
presence of a specific electrophoresis pattern
characterised by absence of Pg3, and a diag-
nosis of atrophic gastritis or gastric cancer.5910

It was unknown whether this association was

due to a hereditary higher cancer risk in in-
dividuals with a lack of Pg3 encoding genes,
or to a secondary loss of isoprotein production
in the process of development of atrophy and
cancer. Determination of the pepsinogen
phenotype, which can be performed on a serum

sample, has been put forward as a screening tool

to detect subjects at risk for gastric malignancy.5
Unfortunately this test lacks sensitivity for the
purpose of screening large populations when
used without other indices.5

In the present study, we confirm the earlier
reports of a significant correlation of a Pg3-
phenotype with atrophic gastritis and gastric
cancer, by showing such a phenotype in 25% of
the control subjects versus 54-85% of subjects
with atrophy or cancer. These percentages are
higher than those reported in the earlier studies.
This could be due to a variety of factors such
as the use of sera (with less secondary Pg4
products at the Pg3 electrophoresis site) instead
of gastric biopsy specimens, and repetition of
phenotyping after incubation with the mono-
clonal antibody. Both methods make it easier
to detect non-producers of Pg3 among those
individuals with weak electrophoretic bands at
the Pg3 site. More importantly, our study shows
for the first time that there is no corresponding
correlation of a Pg3- genotype with atrophy
and cancer of the stomach. These results thus
reject the hypothesis of a hereditary gastic can-
cer risk in subjects with a Pg3- genotype. In
contrast, a Pg3- phenotype in atrophic gastritis
and gastric cancer subjects can result from the
specific loss of expression of Pg3 encoding
genes, as we show in 15 cases with atrophy or
cancer, and in a further four cases without
histological abnormalities. Follow up is nec-
essary to evaluate eventual development of
atrophy in these four cases. Previous research
has shown that serum pepsinogen phenotypes
match the gastric mucosal pepsinogen pattern.'
This order is of major importance in those 19
cases with a discrepant resultbetween assessment
of the pepsinogen phenotype and geno-
type. A total absence of the Pg3 isoprotein
in serum in these cases means that the loss of
expression of Pg3 encoding genes not only
occurs in the areas of severest atrophy or near
the surroundings of a cancerous lesion, but also
throughout the complete gastric mucosa. This
leads to the important suggestion that in these
cases gastric cancer may develop in a mucosa
with a diffusely occurring change in gene ex-
pression. During the development of atrophy
and gastric cancer, a selective loss ofproduction
of Pg3 may occur.
This is in accordance with previous ex-

periments. In the presence of the methylating
agent N'-methyl-N'-nitro-N-nitrosoguanidine
(MNNG), cultures ofhuman gastric chief cells
showed a specific decrease of Pg3 production
without affecting Pg4 and Pg5, thus leading to
a change in pepsinogen phenotype.'4 A com-
parable change occurred in expression of PGC
during the administration ofMNNG to rats.'4
It should be stressed that this change ofpheno-
type occurred before the development ofmalig-
nancy in these animals. Another study reported
altered methylation patterns of PGA genes in
the gastric mucosa of patients with stomach
cancer.'5 Finally, transcriptional activity ofpor-
cine PGA promotor in chief cells from pig was
completely abolished by in vitro methylation.'6
Alterations in expression of Pg3 encoding
genes, as demonstrated by a Pg3 - phenotype
and a Pg3+ genotype, or by a change in the
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Pg3 phenotype during follow up, might thus
be a marker of subsequent premalignant de-
generation. The mechanism of this loss of Pg3
expression is still unclear. In accordance with
the results of the addition of MNNG to cul-
tured chief cells,"4 it might be proposed that
expression of Pg3 genes is more susceptible
to methylation than that of other pepsinogen
encoding genes. The contribution of specific
risk factors for gastric cancer, like H pyloni
infection, to the absent Pg3 phenotype has to
be studied.

In conclusion, based on the results of our

study we postulate that a selective loss of pro-
duction of pepsinogen-3 may be a sign of sub-
sequent premalignant degeneration. This
hypothesis should be tested since it may be of
importance in screening programmes for gastric
cancer. Finally, the mechanism underlying the
loss of expression of these genes in the gastric
mucosa has to be elucidated.
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