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Tissue and serum pepsinogen I and II in gastric
cancer identified using immunohistochemistry
and rapid ELISA
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Abstract
Aims-To investigate the inmunohisto-
chemical expression and the serum
concentrations of pepsinogen I and II in
different histological types of gastric can-
cer as compared with other gastric dis-
orders.
Methods-Formalin fixed, paraffin wax
embedded tissue specimens of 38 gastric
cancers obtained from surgical cases were
used for the immunohistochemical studies
performed with the avidin-biotin complex
method using monoclonal antibodies
against purified pepsinogen I and II. Pep-
sinogen concentrations from serum ob-
tained from the above patients, from
patients with various other gastric dis-
orders, and from normal controls were
measured with a rapid non-radioactive
one step enzyme linked immunosorbent
assay (ELISA).
Results-Eight of 38 (21%) and seven of 38
(18%) gastric carcinomas showed im-
munoreactivity to pepsinogen I and pep-
sinogen II, respectively, without any
correlation to histological classification or
differentiation. Decreased pepsinogen I
concentrations and low pepsinogen 1: II
ratios were found specifically in cases of
gastric carcinoma and polyp, in good ac-
cordance with the immunohistochemical
results.
Conclusions-Low serum pepsinogen I
concentrations and a low pepsinogen I: II
ratio are predictive of gastric neoplasia,
correlating with low tissue immuno-
reactivity to monoclonal antibodies
raised against pepsinogen I and II. For
mass screening ofgastric disease including
carcinoma, ELISA using a one step im-
munoassay performed in the present study
is a rapid and reliable non-radioactive
method of detecting serum pepsinogen.
In addition, immunohistochemical studies
showed that pepsinogen production may
be increased or diminished as a result of
tumour histogenesis, depending on the
area of origin and the processes of cell
transformation and dedifferentiation.
(J7 Clin Pathol 1995;48:364-367)
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It is generally accepted raised serum pep-
sinogen concentrations reflect gastric diseases,
in particular chronic gastritis and gastric
ulcer.1`3 Pepsinogen I and II values or the

pepsinogen I: II ratio have therefore been
thought to be useful diagnostic markers for
gastric disease, including gastric cancer.45
However, strong correlations between high
serum pepsinogen levels and malignancy have
not been shown. In fact, a decreased pep-
sinogen I value seems to be a more sensitive
marker for gastric carcinoma than either the
pepsinogen II level or the pepsinogen I: II ratio.
An immunohistochemical study of the enzyme
expression in gastric cancer showed that pep-
sinogen production is independent of gastric
tumorigenesis.6 In order to clarify the as-
sociation of pepsinogen I and II in gastric
cancer, we used a rapid enzyme linked im-
munosorbent assay (ELISA) to measure serum
enzyme levels and compared them with the
tissue distribution revealed by immuno-
histochemistry using monoclonal antibodies.

Methods
Samples of38 gastric carcinomas were obtained
from surgical cases. Each tumour specimen was
fixed in 10% formalin and embedded in paraffin
wax. Tissues were then cut to 4 gm thick-
ness and stained with haematoxylin and
eosin (H and E) for histopathological diagnosis.
Additional equivalent sequential sections were
cut and left unstained for immunohisto-
chemical detection of pepsinogen I and II.
Human pepsinogen I and II were purified as

described by Samloff7 with a minor mo-
dification. The purity of these proteins was
judged by SDS-PAGE. Production of mono-
clonal antibodies against pepsinogen I and
II was done using the method of K6hler and
Milstein' with a slight modification as reported
previously.9 Immunohistochemical staining
was performed using the avidin-biotin complex
(ABC) method (Vectastain ABC kit, Vector
Laboratories, Burlingame, California, USA).
Briefly, purified monoclonal antibodies derived
from mouse ascites were diluted to 1 gg/ml and
incubated with the tissue specimens for 30 min
at room temperature. This was followed by a
second incubation with a biotinylated sec-
ondary antibody and complexed with avidin-
biotin horseradish peroxidase. Sections were
then stained with the chromogen 3,3'-di-
aminobenzidine tetrahydrochloride in 0.01%
hydrogen peroxide with haematoxylin counter-
stain for microscopic evaluation. The speci-
ficity ofthe monoclonal antibodies to the gastric
mucosal homogenate was determined by
western immunoblotting, also with the ABC
method.
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KD A B A B A C A C brilliant blue R-250 stain. Eight and 12 mono-
clonal antibodies against pepsinogen I and

pepsinogen II, respectively, were obtained, and
69" all were subtyped to the IgG class of im-

munoglobulins (IgGl, G2a, or G2b). Figure
46t 1 shows the specificity with which purified46 > {v; - S Xpepsinogen I and II or pepsinogens from gastric

mucosal homogenate were detected with

anti-pepsinogen I and anti-pepsinogen II
monoclonal antibodies (MAb) following SDS-

36- PAGE. Combinations of these antibodies were

used in the one step ELISA. The pepsinogen
I specific MAb 2F5 and 7G3 and the pep-

21.5' sinogen II specific MAb 2D5 and 8G2 proved

to be the most sensitive in the assay. Evaluation
of a series of standards indicated that the linear
range was 1-160 ,ug/l of pepsinogen I or II and
the coefficients of variation (CV) for pep-

14.3 sinogen I and II were within 3*5% and 6-8%,
respectively, in various concentrations. The

, L.........L,-,---,_ cross reactivities of pepsinogen I or II with
2F5 7G3 2D5 8G2 cathepsin D or slow moving protease (SMP,

cathepsin E) were <0-1%, indicating no cross

Figure 1 Western blotting, gastric mucosa homogenate (A), purified pepsinogen (PG) I reaction with each other.
(B), and PG II (C) were subjected to SDS-PAGE and transferred to nitrocellulose Table 1 shows the mean serum pepsinogen I

membrane. Incubation with monoclonal antibodies to PG I (2F5 and 7G3) and PG II and II concentrations in controls and in patients
(2DS and 8G2). with various gastric disorders. Pepsinogen I

and II proteins were both detected at higherSerum pepsinogen I and II levels were meas-

ured by ELISA in 116 healthy controls, 46 concentrations m cases of gastric and duodenal
uredrby controls, ulcers and in gastritis than in normal controls,

cases of gastric ulcer, 23 cases of duodenal
ulcer, 44 cases of chronic gastritis (not in- whereas pepsmogen I concentrations were

lower in patients with gastric polyp and car-

cluding atrophic gastritis), 18 cases of gastric
polpcnsitinoftublaradeoma an in cmoma. The pepsinogen I: II ratio was alsopolyp consisting of tubular adenoma, and in significantly decreased in carcinoma and polyp

the 38 gastric carcinoma patients from whom
and also in gastric ulcer cases. The pepsinogen

tissue specimens were obtained for im- II specific MAb was immunoreactive to antigen
munohistochemical analysis. The ELISA was

in normal cardiac or pyloric glands, while the
performed using a one step (two site im-.

. z~~epsmogen I specific MAb was immuno-munoassay) methzod. In brief, 96-wel mi- .
croplates (Nunc, Denmark) were incubated soach. th gln nomalcmucos
with 0-2 ml of either anti-pepsinogen I or anti- stomach. These glands in normal mucosa ad-
withsinogml either,anti-pepsinogensI orvanti- jacent to cancerous area were positive for pep-
pepsinogen II (PG I, 2F5; PG II, 2D5) over-

night at 4°C. The wells were then treated with smogen I or pepsinogen II.

5% w,v bovine serum albumin in phosphate, The series of gastric neoplasias examined

buffered saline and incubated with peroxidase serialhstoccorin the ocls

labelled anti-pepsinogen I or II (PG I, 7G3; serial sectaons accordwig to the WHOclasi
PG II, 8G2) at 370C for one hour. Using sification as follows:papidlarytadenocarcinoma
o-phenyldiamine (Sigma, St Louis, Missouri, (nc=c2)m well differentiated tubular adeno-
USA) as the chromogen, absorbance was meas- tarc ad(n= 6), moderately differentiated
ured at 492 and 660 nm, respectively, with a tubular adenocarcinoma(n=14), poorly
microplate reader (Corona, MTP 32, Japan). dfferentiated tubular adenocarcino ma (n =

Concentrations of pepsinogen I and II and 12) signet ring cell carcinoma (n=3), and
,,,. ,, , , ~mucinous adenocarcinoma (n=l). With the

pepsinogen 1: 1I ratios were calculated. Stat-
istical analyses were performed using the exelo ofmcnu. arioa hc

Fisher-Behrens test. showed no reactivity, there proved to be no

relationship between immunoreactive pep-
sinogen proteins and tumour classification.

Results There were no apparent correlations with the
Purified pepsinogen I and II proteins were area of origin in the stomach or with the degree
characterised by SDS-PAGE using Coomassie of tumour invasion. Only eight of 38 (21%)

Table 1 Mean serum pepsinogen (PG) I and II concentrations and patients with various gastric diseases. Values are
means (SD).

Disease n pH PG I (pugll) PG II (pgll) PG IIII

Control 116 3-6 (2-7) 49-0 (30 8) 18-1 (13-3) 3-4 (1-6)
Gastric ulcer 46 4-4 (2-9) 51-2 (24-8) 23-9 (13-I)t 2-4 (1l1)f
Duodenal ulcer 23 2-2 (1-7) 66-0 (22 6)t 21-9 (9-5) 3-2 (0 8)
Chronic gastritis 44 3-9 (2 7) 56-3 (34 2) 20-1 (13-0) 3-3 (1-8)
Gastric cancer 38 6-5 (2-1) 41-0 (25 7) 21-7 (11-2) 1 9 (0 9)4
Gastric polyp 18 5-7 (2 7) 36-3 (18-9) 19 9 (12-2) 2-3 (1-5)t

t p<0.01, t p<0.001 v control
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gastric neoplasms were immunoreactive to I
sinogen I proteins, while seven of 38 (1,
reacted to MAb detecting pepsinogen II;
ofthese cases showed immunoreactivity to 1

Table 2 Pepsinogen (PG) I and II positive cases in gastic cancers.

Case No. Histological diagnosis Location Tumour depth PG I P(

7 Tubular, well Antrum Serosa + +
9 Papillary Body Muscularis propria + +

12 Tubular, poor Antrum Subserosa + +
15 Tubular, poor Body Serosa +
17 Tubular, poor Body Muscularis propria +
25 Tubular, poor Body Muscularis propria +
26 Tubular, mod Antrum Submucosa +
27 Tubular, mod Antrum Serosa - +
34 Signet ring Body Serosa + +
35 Tubular, mod Body Serosa + +

well=well differentiated adenocarcinoma; mod=moderately differentiated adenocarcir
poor= poorly differentiated adenocarcinoma.

:.
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Figure 2 Immunohistochemical staining with pepsinogen (PG) II. There are a few
positive cancer cells for PG II in the tumour area (arrow), whereas normal pyloric gli
express PG II. (Counterstained with haematoxylin, x 20.)

.
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Figure 3 Immunohistochemical staining with pepsinogen (PG) I in gastric cancer. i
expression decreased and was lost in invasive areas of cancer. (Counterstained with
haemawxylin, x 100.)

pep- pepsinogen I and pepsinogen II proteins (table
8%) 2). With one exception, there were only a few
five positively staining cells in any reactive section
both (fig 2). The invasive and proliferative areas of

all carcinomas were negative; however, a small
section of tumour in one case (no. 34) showed

HH diffuse reactivity for both pepsinogen I and II in
an area suggestive ofthe site of origin (fig 3).

Discussion
Stomach cancer usually arises within a back-
ground ofchronic gastritis, the precise aetiology
of which remains unknown. Exposure to ex-
cessive hydrochloric acid and pepsin appears

ioma; to be the immediate cause of gastric injury.
Concurrent infection with Helicobacter pyloni
may provide a means of compromising such
protective mechanisms as the mucus bicar-
bonate barrier or by reducing the anti-
inflammatory effects of endogenous prosta-
glandins.'
Serum pepsinogen I and II concentrations

and the pepsinogen I: II ratio are believed to
be useful markers for chronic gastritis.5"' A
recent report has also shown an association
between serum pepsinogen concentrations and
the presence ofHpylori in the gastric mucosa.12
Our results agree with other published reports
on pepsinogen I and II blood concentrations
in various gastric disorders.451' Significantly
lower pepsinogen I: II ratios, resulting from
substantially higher pepsinogen II values with
only slight increases in pepsinogen I con-
centrations, were characteristic of gastric ulcer.
Duodenal ulcer and chronic gastritis cases
showed the same tendency towards increased
pepsinogen I and II values, but the increases
were not large enough to alter the pepsinogen
I: II ratios from those in the controls. However,
the pepsinogen I: II ratios were significantly
decreased in blood samples from patients with

Cands stomach cancers and with polypoid tubular
adenomas, a consequence of lowered pep-
sinogen I and raised pepsinogen II con-
centrations. These findings indicate that the
combination of a low pepsinogen I value and
a decreased pepsinogen I: II ratio may be pre-
dictive of stomach tumours.
These results are also in good accordance

with the immunohistochemical studies on pep-
sinogen. Approximately 75% of the cases of
gastric cancers examined here showed no ap-
parent ability to produce either pepsinogen I
or pepsinogen II in detectable amounts. The
carcinoma cases used in the present study were
not associated with widespread gastric atrophy.
Previous immunohistochemical surveys have
shown variable reactivity ranging from 2-8-
75 0% and 17-8-29-7% to pepsinogen I and
pepsinogen II proteins, respectively.4 111 The
reasons for the variability in pepsinogen I and II
expression may be differences in the antibodies
used or in the staining conditions. Neither did
these studies give any details as to histological
classification or lesion differentiation. The chief
cells and mucous neck cells ofthe fundic glands

PG I of the stomach produce both pepsinogen I and
pepsinogen II, but pepsinogen II is also secreted
by the pyloric and Brunner's glands in the
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proximal duodenum.'6 Additionally, pep-
sinogen I production appears to be significantly
associated with the production of pepsinogen
I.6 While, as previously mentioned, there was
no correlation between tumour classification
or degree of differentiation, the differences in
pepsinogen expression may be explained by
the histogenesis of the neoplasm. Tumours
originating from the pyloric area and producing
both pepsinogen I and pepsinogen II suggest
that neoplastic cells may gain the ability to
produce pepsinogen through transformation or
dedifferentiation. Conversely, the ability to
express pepsinogen may also be lost during
the processes of transformation or de-
differentiation, as may be illustrated by case
no. 34 (fig 3). This tumour was positive for
both pepsinogen I and pepsinogen II only
within a fairly local and more well differentiated
area; immunoreactivity appears to be lost in the
less organised and anaplastic regions. Serum
pepsinogen values reflect the same trends in
that the polypoid tubular adenomas show a
suppressed pepsinogen production compared
to controls. The serum pepsinogen con-
centrations in patients with gastric cancers are
higher relative to those with adenomas, ap-
proaching the mean control values.
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