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Changes in Serum Group I Pepsinogen(PGI) Levels and Distribution
of Immunoreactive PG 1 in Gastric Mucosa in
Patients with Gastric or Duodenal Ulcer
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(Chief : Prof. A. Yachi)

ABSTRACT In order to clarify the mechanism of hyper-group I pepsinogenemia in patients with
gastric or duodenal ulcer (GU or DU), fasting serum group I pepsinogen (PGI) and changes of PGI
levels in serum and of pepsin secretions in gastric juice following various stimulations were studied.
Simultaneously, immunoreactive PGI (IR-PGI) concentrations and the number of PGI positive cell in
the gastric mucosa were also examined. The results were as follows:

1) Fasting serum PGI levels were higher in the active, healing and scarring stages of GU and DU
patients, respectively than those in normal controls (p<0.01). The levels, however, decreased gradu-
ally following the healing of ulcers.

2) In GU and DU patients, serum PGI levels significantly increased following insulin-induced
hypoglycemia. The response patterns of serum PGI after insulin-stimulation were roughly classified
into three types : fluctuating type (type A), delayed elevation type (type B) and low response type (type
C). Gastric mucosal manifestations and excessive acid and pepsin secretions in GU and DU patients
were often found in type A. In GU patients, serum PGI levels increased after secretin stimulation.
However, they did not increase in DU patients.

3) Pepsin output (POP) in gastric juice of normal controls and patients with GU or DU showed
significant increase by insulin-induced hypoglycemia. Secretin stimulation markedly increased POP in
DU patients as compared with normal controls or GU patients.

4) IR-PGI concentrations and number of IR-PGI positive cell in fundic mucosa obtained by
endoscopy or surgery showed a good correlation (r=0.91, p<0.01) and were significantly higher in DU
than in GU patients.

Abbreviations IR-PG1 : immunoreactive group I pepsinogen
A HA : active stage MAO : maximal acid output

AQP . acid output N . normal controls

BPO . basal pepsin output PAP . peroxidase anti-peroxidase

BZ . betazole hydrochloride PGI : group I pepsinogen

DU . duodenal ulcer POP : pepsin output

G . gastrin S . secretin

GU : gastric ulcer S #R . scarring stage

H . healing stage TG : tetragastrin

Ins . insulin ZES : Zollinger-Ellison syndrome
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These results suggest that the mechanism involved in hyper-group I pepsinogenemia is different

between both ulcers.

Namely, the hyper-group I pepsinogenemia in GU patients may be caused relevant

to a leakage of PGI from chief cells under breakdown state in the gastric mucosal protection mechanism,

whereas in DU patients it may be associated with the marked increase of chief cells.

Key words: Group I pepsinogen (PGD),

Gastric mucosal protection.
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Serum Group I Pepsinogen Levels
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Fig. 1 Fasting serum group I pepsinogen levels in normal controls and patients with gastric ulcer, duodenal ulcer
or Zollinger-Ellison syndrome.
Mean+SE is shown in each group. The mean in active (A), healing (H) and scarring (S) stages in
patients with gastric or duodenal ulcer were significantly different from that in normal controls (**p<0.01).
Significant differences were seen between A and H or S stages in patients with gastric ulcer and between A
and S stages in patients with duodenal ulcer (*p<0.05).
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Fig. 2 Changes of serum group I pepsinogen levels in
— the same individual with gastric or duodenal
ulcer from the active (A) to scarring (S)
0 stage.
(A) (S) (A) (S) The levels of S stage were significantly lower

than those of A stage in gastric ulcer (*p<
A:active and S:scarring stages 0.05) and in duodenal ulcer (**p<0.01).
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Fig. 3 Effect of tetragastrin administration on serum
group I pepsinogen levels in normal controls
and in patients with gastric or duodenal ulcer.
Mean+SE is shown in each group. No. of
cases are shown in parentheses. The mean
values in patients with gastric or duodenal
ulcer were significantly higher than those for
corresponding time after tetragastrin adminis-
tration in normal controls (¥ p<0.05). The
mean values in patients with duodenal ulcer
were significantly lower than those for corre-
sponding time after the stimulation in patients
with gastric ulcer (¥ p<0.05).
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Table 1 Changes in gastric pepsin secretions after tetragastrin administration in novmal controls
and patients with gastric or duodenal ulcer.

Subjects No Pepsin Output (mg)
Basal Po_somin Pso—somin Po_somin
N 5 74.7+ 8.8 117.2+11.5 78.7+16.6 195.9+11.4**
GU 16 41.74+ 6.2¢ 83.5+ 7.9 67.8+ 7.0 151.34+13.8*"
DU 11 70.8+17.6 122.9+14.1¢ 84.4+11.7 207.2:423.6%*&

N : normal controls,

GU : gastric ulcer, DU : duodenal ulcer

Mean=+SE is shown in each group. Pepsin output significantly elevated after tetragastrin administration

compared with the basal values in all groups (**p<0.0L1).

Significant differences were seen between

normal controls and patients with gastric ulcer (¥ p<0.05) and between patients with gastric ulcer and

patients with duodenal ulcer (¥ p<0.05).
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Fig. 4 Effect of betazole administration on serum group I pepsinogen levels in normal controls and in patients with

gastric or duodenal ulcer.

Mean+SE is shown in each group. No.

of cases are shown in parentheses.

The mean values significantly

elevated after betazole administration in normal controls and in patients with gastric ulcer (*p<0.05).
The mean values in patients with gastric or duodenal ulcer were significantly higher than those for
corresponding time after the stimulation in normal controls (¥ p<0.05).

Table 2 Changes in gastric pepsin secretions

after betazole administration in normal controls and

patients with gastvic or duodenal ulcer.

Pepsin Output (mg)
Subjects No
Basal Po_somin Peo—120min Po_120min
N 5 34.0x 8.9 207.7+£31.4** 108.6+19.5* 316.3£50.3
GU 5 26.7 7.9 145.44+18.6** 68.1£10.9* 213.6x22.7
DU 4 33.7x12.8 188.5+44.4* 113.4+29.5* 301.9+73.8

N : normal controls,

GU : gastric ulcer,

DU : duodenal ulcer

Mean=SE is shown in each group. Pepsin output significantly elevated after betazole administration
compared with the basal values in all groups (*p<0.05 and **p<0.01).
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N ! normal controls, GU : gastric ulcer, DU : duodenal ulcer

Fig. 5 Effect of insulin administration on serum group I pepsinogen levels in normal controls and in patients with
gastric or duodenal ulcer.
Mean+SE is shown in each group. No. of cases are shown in parentheses. The mean values significantly
elevated after insulin administration in normal controls and patients with gastric or duodenal ulcer compar-
ed with basal levels (*p<0.05). The mean values in patients with gastric or duodenal ulcer were
significantly higher than those for corresponding time after the stimulation in normal controls (¥ p<(.05).

(ng/mil) Gastric Ulcer (ng/mi) Duodenal Ulcer
3004 300~

200 200

100+ 100

Serum Group I Pepsinogen Levels
Serum Group I Pepsinogen Levels

T L] U T U 1 L T T 0 T 1 T L T 1 T 1 N
0 15 30 45 60 75 90 105120 min 0 15 30 45 60 75 90 105120 min "
O—O0 ! Type A, &—@ :TypeB, . Type C
Fig. 6 The response pattern in serum group I pepsinogen levels after insulin-induced hypoglycemia were classified

into 3 types; type A, B and C.
Type A: Fluctuated type, type B: Delayed elevation and type C: Low response type
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Table 3 Changes in gastric pepsin secretions after insulin administration in novrmal controls and

patients with gastric or duodenal ulcer.

Pepsin Output (mg)
Subjects No -
Basal Po—somin Pso—120min Po—120min
N 6 35.94 9.2 155.0+£16.4* 155.2+32.9* 310.2+42.9
GU 10 39.2+10.3 109.6-£23.0% 157.3+29.1** 267.0+50.3
DU 7 68.8+ 9.9% 239.6+46.1**& 299 .2+ 46 8**#& 538.8i82.5#&

N : normal controls,

GU : gastric ulcer,

DU : duodenal ulcer

Mean+SE is shown in each group. Pepsin output significantly elevated after insulin administration compar-

ed with the basal values in all groups (*p<0.05 and **p<0.01).

Significant differences were seen between

normal controls and patients with duodenal ulcer (#p<0.05) and between patients with gastric ulcer and

patients with duodenal ulcer (& p<0.05)-

0.05).

GU ﬁ@%& POP 01 PO—GOmin ﬁ@i: P) i) PGO—IZOmin
SETEL, WoEtic BPO HE L THLNCE
Btz (p<0.05 B L O p<0.0D).
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ot (FRFhp<0.01). 2% » Insic k b {EMmEE
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N  normal controls,

GU : gastric ulcer, DU : duodenal ulcer

Fig. 7 Effect of secretin administration on serum group I pepsinogen levels in normal controls and in patients with

gastric or duodenal ulcer.
Mean+ SE is shown in each group. No.

of cases are shown in paréentheses.

The mean values significantly

elevated after secretin administration in normal controls and in patients with duodenal ulcer compared with

the basal levels (*p<0.05).

The mean values in patients with duodenal ulcer were significantly lower than

those for corresponding time after the stimulation in patients with gastric ulcer (& p<0.05).
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Table 4 Changes in gastric pepsin secretions after secretin administration in novmal controls and

patients with gastric or duodenal ulcer.

Pepsin Output (mg)
Subjects No
Basal Po—aomln P30—60m1n PO—GOmln
N 5 34.9£2.3 28.3% 6.6 20.4+6.5 48.7+12.4
GU 8 27.8+1.1# 145+ 1.5 15.4+2.2 30.0x 3.0
DU 9 37.7+3.8% 76.1+14. 085 45.5=7.5¢%F 121.6£20 9* %

N : normal controls, GU : gastric ulcer,

DU : duodenal ulcer

Mean+SE is shown in each group. Pepsin output significantly elevated after secretin administration

compared with the basal values in patients with duodenal ulcer (**p<0.01).

Significant differences were

seen between normal controls and patients with gastric or duodenal ulcer (# p<0.05 and #p<0.01) and
between patients with gastric ulcer and patients with duodenal ulcer (¥ p<0.05 and & p<0.01).

3.2-4 S RIS
% PGIL{E : Fig. 7 @R+ X 5ic, NBETIESH
BOAIME (114.7+9.4ng/ml) Wil LT S R 5 4
(138.2+14.1ng/m{) CTHEEIED EERBINERL
72 (p<0.05). FhLIE oS CialEmntEm 2 Zbic
7, HEMRESAKZSBEREEYHRHTAICRELR
ﬁ‘o?‘t.

GUE T SHEAmE PGl fE (142.2+14.8 ng/
ml) B LT, SHIBES~10 45 C/NERRL CH
m3 sl Bbhics, 404 (169.7+19.6 ng/mb),
50 4 (184.8+19.8 ng/m!) %5 X V' 60 4 (190.6£22.7
ng/mb DR ETEE L LR BT bhic(ThLhp<
0.05). LLEETEDL —TCOEE 15—
RV o T2

DU BT, SHMcH 5> miE PGLERELY A 5 &,
2.5 71 10 5T/ NERRLIEIMTAHL D5, &
BAYBLTEEREDRA LR o B SH
W% 50 % X 0V 60 S MiE PGL B, GU BhIckEL
T L AEL -7 (p<0.05).

B POP : Table 4 iz/"4 X 51z, BPO iz GU T
BN BIODUBCEE L TEBED -7 (p<0.01
¥ L U p<0.05).

S HEE DT POP «f, DU HCELWEMKIGE
B, Pogomin BB TIIERICHEINL(<0.01), N¥
JOGUBHE L TEEOBMEL R L (p<0.058
XU p<0.0D).

N #cix Po—somin ST B Pao_gomin 7E X D LR/
EREI %R B, Po_somin ZEIEBPO L THED
BN ETch -T2, —F, GUEHTH Py_gommn 7 EI

BPO itk L CHEBREB R I ek o T,
3-3 BHLEELEMSAN IR-PGLIEE

3-3:1 KIPALICH T 2HEHA IR-PGLRE

N B0 6 Flo £33 33105 MEEA M IR-PGL &
E%Fig8ikkmm L T bbb B HEH5488.3+
1,217.7ng/mg (w.w.), BATE143.3+33.3ng/mg
(w.w.) , MIFIRTER 126.4+124.4ng/mg (w. w.)
BIO+HEERE 53.1427.5ng/mg (w.w.) TH
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Fig. 8 Regional distribution and changes of the im-
munoreactive group I pepsinogen (IR-PGI)
concentrations in gastric and duodenal mucosa
obtained by endoscopic biopsy in normal con-
trols.

Mean+SE is shown in each column. The
mean values in corpus were significantly higher
than those in duodenum, antrum and incisura
angularis (* *p<0.01).
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D, HBAIR-PGIEE 2B A CEHIZE S
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3:4 BHEPFEEIZE (T3 IR-PGI BRI S iE4E
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BRI 5 IEEB AL T H 0 BRI RS ZE L o A
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IR-PGI 5t Al 138 (3R o & B i 5 A3
525, NRIzHE LT GU BcllBttfifatizd 724,
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GU B I L THEEOBEEA R L7 (p<0.05 2%, N
L OMICIERHE LB - 7.

3+4-2 FiitE & AU - B IR IR-PGI B4

bl Rbaxi)

WICFMERZ AT, WEEE O IR-PGI BBtk
fasmoEREPKERH L. GU BTk, Photo. 2-a 1R
T X 51, IR-PGI BB Mk IEA B IR EEHERE
T THMmT 50, WEncFofuzdicld, e
P LB REE D 5 7o,

—7, DU #-Cix[ Photo. 2-b ® = & { IR-PGI [
PR ER B RO FEB A, SRR T TR IS
Fil, IR-PGIBBMEMBIZE L <HEIML, FoqmrEd

Table 5 Comparison of immunoreactive group I pep-

sinogen (IR-PGI) concentrations in fundic

mucosa of the stomach between normal con-

trols and patients with gastric or duodenal
ulcer.

Tissue IR-PGI
Concentrations
(ug/mg, w.w.)

Subjects | No

N 8 5.0£1.0
GU 12 3.7+0.8
DU 7 6.5£1.2"

N : normal controls, GU: gastric ulcer

DU : duodenal ulcer
Meas+SE is shown in each group. Significant
difference was seen between patients with gastric ulcer

and patients with duodenal ulcer (* p<(.05).

FLBRER 3%

gﬁﬁ‘o fe.

BB I IR-PGI B3t fifa iz CiiA#
MEOHE LD S IOIFHFMCETET S LT,
ZOHBEWD Table 71RT X 512, DU Bk 5H

Photo. 1 Comparison of immunoreactive group I pep-
sinogen (IR-PGI) positive cells in fundic
mucosa obtained by endoscopic biopsy
between normal controls and patients with
gastric or duodenal ulcer (PAP method, X
64). a) normal controls, b) gastric ulcer
and c¢) duodenal ulcer.

Table 6 Comparison of number of immunoreactive
group I pepsinogen (IR-PGI) positive cell in
biopsy specimen of fundic mucosa of the stom-
ach between normal controls and patients with
gastric or duodenal ulcer.

Number of IR-PGI
Subjects | No Positive Cell
(x10%)/mm?
N 9 127.71+23.5
GU 14 90.8+16.0
DU 8 159.8+15.3*

N : normal controls,

DU : duodenal ulcer
Mean+SE is shown in each group. Significant
difference was seen between patients with gastric ulcer
and patients with duodenal ulcer (* p<(.05).

GU : gastric ulcer,
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Photo. 2 Comparison of immunoreactive group I pepsinogen (IR-PGI) positive cells in fundic mucosa obtained by

surgical resection between patients with gastric ulcer and duodenal ulcer (PAP method,

a) gastric ulcer and b) duodenal ulcer.

{RER R IR-PGL B3t Mifa%0, GUBRICHBL TH
BEoinar L (p<0.05).

3:4-3 HRRIC & 2 BIAEBLERERZEA IR-PGL B

& IR-PGI [Fi4Hmba%k & N1EES

ARz D THRISE U 7o B A BTk AR 8% P IR-
PGl EE & R o IR-PGI IBH M OB > 45 &,
Fig. 9 1R+ & 5 @i E 0B (r=0.91, p<0.0D)
PEB R

4 & =

AP EE B L O+ IR EEOKRHE K X OREA
Bz A ABEICRB T AMEO—REL TfT-Te. %
FrefERr T PGl fE% GU 3 X 0V DU D £&REAHIck -

Table 7 Comparison of number of immunoreactive
group I pepsinogen (IR-PGI) positive cell in
Sfundic mucosa of resected stomach between
patients with gastric ulcer and duodenal ulcer.

Number of IR-PGI
Subjects No Positive Cell
(x10%)/mm?
GU 5 190.4+16.9
DU 8 303.5+18.8*

GU : gastric ulcer, DU : duodenal ulcer
Mean+SE is shown in each group. Significant
difference was seen between patients with gastric ulcer
and patients with duodenal ulcer (*p<0.05).

X 66).

THIEL, xRl ROTEE pepsin 75 WA
TERZETHHABEFLHG LT, miE PGl EH
1 BB R R T R B POP L3I L. IHiIC
B SN IR-PGI BE 2 RIE L, RFEJIR-PGI
BES e AR 2 SRR A R L, BB OME AT
BocTs v AER L. UTEHEYS T TE
BEMZ 5,

(x103)/mm3
= n=27
:i 250 = r=0.91
% 200f {‘
g 'OAA A
= 150F o)
& LS
T 100 a0a ® Normal controls
5 ? O Gastric ulcer
5 50k e 5 A Duodenal ulcer
e P
5 0
Z 0 3 6 9 12 15

(1#g/mg, w.w.)
Tissue IR-PGI Concentrations

Fig. 9 Correlation between immunoreactive group I
pepsinogen (IR-PGI) concentrations in fundic
mucosa and number of IR-PGI positive cell.
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