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SERUM PEPSIN LEVELS HIROSHIMA ADULT HEALTH STUDY
Relation to Radiation, ABO Blood Groups, and Gastrointestinal Diseases
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INTRODUCTION

In 1952 Mirsky et ail first described a
practical method for the determination of
serum pepsin activity. This method proved
to be quite reproducible and individuals
did not vary significantly from day to day.
The levels were increased in peptic ulcer
disease and decreased in perniclous anemia
and after subtotal gastrectomy.2 Its
simplicity and 1ts dependence on a single
blood sample rather than on a 24 hour urine
for uropepsin have been the key factors in
its popularity with investigators. ’

Since 1952 numerous studies have been
reportedg‘6 on normal subjects and patients
with gastrointestinal disorders. Reports
on such nongastrointestinal disease as
polycythemia and leukemia have also been
published and recently an increasing
interest has been shown in the possible
relationship of the ABO blood groups to
serum pepsin levels, 99

At the Atomie Bomb Casualty Commission
(ABCC) in Hiroshima, interest in pepsin
determinations arose from the fact that
the incidence of cancer of the stomach is
higher in Japan than anywhere else in the
world.10 1t was felt that a study of
cancer of the stomach and 1ts subsequent
development in a healthy population would
be quite rewarding when such cases were
expected to occur at the rate of two per
month in the fixed sample for the Adult
Health Study at ABCC. Serum pepsin levels
in patients with gastric carcinoma vary
from normal to subnormal.2’11’12 The
possibility of detecting a lower mean
value in a higher gastric cancer risk
Japanese population was one of the key
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incentives to this study. Serum pepsin
levels for subjects coming to the ABCC
clinic were determined by Spiro's modifi-

cation of Mirsky's technique.13

The specifie purposes of the study
were to:

Establish 'normal' ranges for Japanese
subjects and compare them with those
found in the United States

Determine the relationship, if any,
between aging and serum pepsin levels

Determine whether or not exposure to
ionizing radiation has any effect on
serum pepsin concentration

Determine any relation between serum
pepsin levels and ABO blood groups

Evaluate the test in various gasﬁﬁh-
intestinal diseases and leukemia

METHOD

In 1955 Spiro et al first described a
modification of Mirsky's determination of
pepsin activity.ll At a later time a
microtechnique was devised and found
to compare very well with the macro-
technique.13 Many different laboratory
procedures are performed at ABCC for a
volunteer population, so 1t was necessary
to use a test which required a minimum
amount of blood. Hence, the microtechnique
was selected. The test is based on pepsin
activity in serum samples which, at
refrigerated temperatures, maintain full
activity for at least 48 hours,13

The following micromethod in which the
peptie unit is the number of micrograms
egquivalent to tyrosine-like products
released by 1.0 ml serum in 24 hours
at 372 ¢ was used in this study. A
2,5 per cent hemoglobin substrate was
prepared, using bovine hemoglobin enzyme

substrate hemoglobin powder.* Before use
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in the test this substrate was acidified
by adding 1 part 0.3 N HCl to 4 parts
of the 2.5 per cent hemoglobin substrate.
To 0.4 ml serum, 0.6 ml distilled water
and 2 ml acidified hemoglobin substrate
were added. Two 1.2 ml aliquots of this
mixture were rapidly measured. One
was incubated for 24 hours in a 37° ¢
wa terbath, while to the other 2 ml of
0.3 N trichloracetic acid was added to
stop immediately the enzymatic digestion
of the substrate. After 24 hours the
enzymatic digestion was stopped in the
first tube by the addition of 2 ml 0.3 N
trichloracetic acid.

The amount of peptic activity in tyrosine
equivalents split off from the substrate
was then determined in both tubes using
Anson's photoelectric colorimeter me thod14
which has been converted to a micromethod
and simplified by Spiro.

tions of IL-Tryrosine were used to construct

Known concentra-

-

a standard curve.

At ABCC in Hiroshima approximately
13,000 subjects are scheduled to receive
detailed physical and laboratory examina-
tions at two year intervals in a program
known as the Adult Health Study. The
subjects, carefully matched for age and
sex, 4are divided into four groups:

Group 1 Exposed at less than 2000 meters
from the hypocenter with acute
radiation symptoms in 1945 (epila-
tion, purpura, or agranuloeytic
oropharyngeal lesions)

Group 2 Exposed at less than 2000 meters
without acute radiation symptoms

Group 3 Exposed 3000-3499 meters from
the hypocenter (beyond major
radiation area but within area of
physical and economic disruption)

Group 4 More than 10,000 meters from the
hypocenter or not in the eity at
the time of the bombing.
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During the four month period from
September 15, 1959 to January 15, 1960
approximately 1800 subjects were examined
at ABCC. Of these, 1330 had serum pepsin
de termina tions.

The blood was not ordinarily drawn under
fasting conditions, the pepsin level being
little affected by food.1:2:6 patients
with known renal insuffieciency and/or
gastrectomy were excluded from the study.

RESULTS

Preliminary review of the serum pepsin
values for the entire sample suggested a
normal distribution curve, the mean value
being 347 and the standard deviation 108
(Figure 1). Table 1 shows mean pepsin
levels by age and sex. The mean value is
quite significantly higher for males than
for females, 362 vs 340. This difference
of 22 units compares with 17 units found
by Spiro et al. 11 In other reports males
have higher values than females. 2> 11

Age variation is less marked. For
females of different ages the mean values
differ by no more than chance would often
produce. For males, however, observed
variation corresponds to a probability of
less than 5 per cent. Although no definite
trend is seen for males, the means are

lower at age 60 and older.

The four exposure groups were compared on
the basis of the data of Table 2. No
significant variation was found among the
four exposure groups in eilther age-specific
or age-adjusted comparisons.

Table 3 shows the mean pepsin values for
the four blood groups by age and sex.
Analysis of age-specific means and the
total means (adjusted for age variation)
revealed no more variation among the four
blood groups than would be expected by
chance (P>.05).
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FIGURE 1

DISTRIBUTION IN HIROSHIMA SAMPLE

SERUM PEPSIN LEVELS IN MICROGRAM EQU|VALENTS OF TYROSINE,
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TABLE 1 MEAN SERUM PEPSIN LEVEL IN MICROGRAM EQUIVALENTS OF TYROSINE,
VARIATION BY SEX AND AGE AT EXAMINATION
#Fl Fuyrovw{AroyrsishETrRbERLTFEMNEXTY YD
BRI O EREA & L U2 L
TEST OF SIGNIFICANCE
AGE MALE FEMALE MALE / FEMALE
o B 4 i 1 oo 22 58
10-18 356 357 N.S.
20-28 394 ast | o
30- 38 375 355 N.S.
40-49 154 27 N.S. ‘“
50- 59 a73 332 .
50- 69 T332 342 e
70+ a5 3157 N.s.
ME AN S F il 362 340 b
STANDARD DEVIATION [Eiefma 114 105 i
AGE VARIATION fEBSIS L 3%R * A N

N.S. Not significant (P=.0%8)
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* significant at 5 per cent level (P<.05)
= 2t

HiE

+s significant at 1 per cent level (P<.01)
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TABLE 2 MEAN SERUM PEPSIN LEVEL IN MICROGRAM EQUIVALENTS OF TYROSINE AND NUMBER OF SUBJECTS
BY AGE AT EXAMINATION, SEX, AND EXPOSURE

%£2 Fuyrov4rusILNBTRbSALTFHMFESTY Al & F8H, & X URBENRE R

EXPOSURE GROUP  #iIBEf
MALE 5 FEMALE
f_GE 1 2 3 4 1 2| 3 4
- NO. |MEAN| NO. |MEAN|NO. |MEAN | ND. |MEAN|NO. |MEAN| NO. |MEAN| NO. [MEAN | NO. |MEAN
{60 e LR | ()2 | ER(] 10 2L | S| ) 20 EEIAE| (R R | R0 0k | e B0 R [CEE| AR | T
10-1g9 5 | 406| 3 - 0 - 2 - 5 | 336| s | 37al @ - 6 | 3s2
20-29 12 | asa| 18 | s08| 18 | 38| 10 | 423| 28 | 288 a1 340 | 42 | 344 30 | 340
30-39 16 | 379| 20 | 356| 19 | 372| 24 | 389 64 | 363| 67 | 356| 74 | 373 | 57 | 321
40-48 22 | ase| 15 | a3t | 16 | 381| 24 | 383| 42 | 323| 44 | 325| 54 | azo| s2 | 341
50- 59 24 | 364| 20 | 387| 15 | 33s| 28 | 395| 52 | 330| 43 | 330| 35 | 338 49 | 331
60-60 18 | 323 24 | 34s| 18 | 328 14 | 3z25| 21 338 | 22 | 321| 34 | 347| 24 | 358
70+ 9 | 394 5 | 267 9 | 2z7s| 6 | 343 11 | 31| 5 | 431 8 | 3sa| 13 | 3s7
TOTAL SUBJECTS
AND
MEAN ALL AGES* {105 | 3ss|tos | 358| 96 | 346|106 | 376|221 334|218 | 341|247 | 347|231 | 337
AitE & UK

*Adjusted for variation in age compositions
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TABLE 3 MEAN SERUM PEPSIN LEVEL IN MICROGRAM EQUIVALENTS OF TYROSINE
BY BLOOD TYPE, AGE AT EXAMINATION, AND SEX
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5L000 GROUP [ i&A
AGE A B AB 0
i WALE |FEMALE| MALE |FEMALE| MALE |FEMALE| MALE |FEMALE
Bz -8 5 'y B i e i

i0-18 - g7 2 = = - - 333

20- 29 398 334 | 404 325 | 434 257 | 354 356

30- 389 263 358 | 387 341 | 3es 352 | 368 383

40-49 322 330 | 382 az4 | ast 287 | 364 334

50- 59 377 a3a | ag2 313 2 326 | 375 341

60-69 341 334 | at 336 z 386 | 346 346

70+ 341 386 | 298 393 ; - | ass 308
memq:g.ﬁnus» 359 343 | 368 aat | 366 325 | 360 344

spAdgjusted for variation in age composition.
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In the course of the study, a group of
diagnostic referral patients were seen in
addition to the regularly scheduled Adult
Health Study subjects.
also were investigated in the special
diagnostiec group which included 5 patients
with gastric cancer, 7 with duodenal ulcer,
6 with gastric ulcer, 6 with gastric polyp,
and 12 with leukemia. Table 4 shows the
mean values for these patients and Figure 2
shows the distribution of values. Patients
with gastric ulcer and duodenal ulcer are

Serum pepsin levels

reported to have significantly higher mean
values than normals.1s2,6,11 Indeed, 5
of the male patients with duodenal ulcer
had values over the mean of 347 for
normals. Of the 6 patients with gastrie
ulcers, 5 had values over 400, and the
remaining case, a 67 year old male, had a
value of 186. Different authors have
shown varying results for gastric ulcer.
Hoar and Spiro have shown increased levels
while Edwards and associates report
normal levels in their subjects.g’G{k;
Hirschowitz3 suggestéd the variation of
uropepsin excretion depends on localization
of the ulecer, but others have not separated
antral ulcers from those of other sites.
In the Hiroshima material one patient with
an ulcer on the lesser curvature had a
value of 543, and the low value of 186
(Fig. 2) was found in a patlent with an
antral ulcer. The cases are too few,
however, to generalize.
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TABLE 4 MEAN SERUM PEPSIN LEVEL IN MICROGRAM EQUIVALENTS OF TYROSINE
DIAGNOSTIC GROUP GOMPARED WITH NORMAL SUBJECTS
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FIGURE 2 SERUM PEPSIN LEVELS IN MICROGRAM EQUIVALENTS OF TYRDSINE
AND PERCENTAGE OF CASES IN VARIOUS DIAGNOSTIC GROUPS
COMPARED WITH NORMAL PEPSIN VALUES

Fovrvnwdrurs LANBTELLAMBEXT Y v litELs DB
LB AERMOETRELEEESRT Y /i L0

X 2

ACUTE LEUKEMIA
SO [

T T T T T T T
7 patients

BETH =

NORMAL
ik

L

100 300 T 500 700
PEPSIN UNITS
T v B

DUODENAL ULGER - —45Mifss

T Ll T T T | T
7 patients
L BETE 4

GASTRIC ULCER

1 R

T T T T T T T
B patients

L BHEE6H 4

Y

L 1 'l 3
100 300 T 500 700

T mean normal pepsin value
EEFEAT Y vl

LEUKEMIA IN REMISSION

RO B MmE

60% T ™7 T T T T
5 patients
i é% ;ﬁ%wi@. ~
%
7 .
Z
0t -
Z
_ / _
%¢
1 L %/ 1 L L
]
100 oo T 500 700
GASTRIC CANCER H
60% T T T T T T T
5 patients
L BES L -
40 F Z;/’_‘\\Zé el
-
0+ // B
%z
b 7 / ]
o 1 1 ﬁé L 1 <2 1 11
100 oo T 500 700
GASTRIC POLYP HHY -7
BO0% T T T T T T T
G patients
BEGER e

40 +

20

100 300 T 500 700



Among the five patients with cancer of
the stomach, two had values below 347
and three had values above; the mean value
differs insignificantly from normals. The
literature is conflicting; Hoar and
Mirsky report lower values in gastric
carcinoma, while Spiro et al report normal
2,11,12  1pe discrepancies might
reflect differences in the degree of

values.

involvement and location, the lower values
being found in patients with late diffuse
carcinomatous infiltration of the antral
cells and normal values being found in
early cases. In the five cases at ABCC,
two cases not involving the antrum had
values over 400 units while one case was
less than 300. One patlient with disease
of the antrum had a reading below 300, the
other over 400. More work remains to be
done on the relationship of extent of
invasion, precise location, ete., of
gastric cancer to serum pepsin levels.

In 6 patients with gastric polyp the
values were also normal, 2 being below
and 4 being above the value of 347 for
normals. The 12 patients with leukemia
showed significantly lower values than
normal, consistent with previous re-
ports.a’g
leukemic patient had a value over 347.
When both acute patients and those in
remission were combined only 2 out of
12 showed values over 347, the highest
being 527 units.

In the acute phase only one

DISCUSSION

Many different enviromental factors have
been named as etlologic agents in carcinoma
of the stomach. 15 However, in recent years
investigators have been focusing on the
genetic background upon which these agents
act., Family studies and the higher risk of
blood group A individuals have been clted
as evidence of the role of heredity in
this disease.16:17

Achlorhydria has been shown in the past
to be more prevalent in gastric cancer
patients and more recent publications have
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individuals to be
more achlorhydrie than blood group O

shown blood group A

individuals.?218:19 7The latter study?
implies that the role of achlorhydria in
the development of carcinoma of the
s tomach may be in some way linked with
inherited mechanisms. Sievers and Yessler
found a lower pepsin level in blood group A
than in blood group 0 individuals and
have suggested that low pepsin values
were also linked in some way to inherited
mechanisms. 209 1t was felt by these
authors that gastric atrophy as reflected
by low acid and low pepsin secretion is a
precursor of cancer of the stomach; and
that inherited mechanisms were involved.

On the other hand low serum pepsin levels
in the presence of cancer of the stomach
have not been found as uniformly as
has anacidity, with some
finding low values and others normal
values, 2259512 rherefore the relation of
peptic activity to cancer of the stomach 1s
not as well established as the relation

where all authors find

investigators

to duodenal ulcer,
increased levels.

The data collected at ABCC corroborate
the findings of Sievers with regard to
anacidity,20 but do not confirm the low
pepsin levels of blood group A individuals.
In addition in the 5 cancer patients
s tudied at ABCC pepsin values are com-
parable to those of controls and do not
differ from Spiro's results using a
comparable technique.11 If low serum
pepsin activity 1is related to future
cancer of the stomach one might expect the
Hiroshima population, with its higher
cancer risk, to exhibit values much lower
than those of the United States.
the Hiroshima values are no different from

those reported for the United States
11

However,

population,

Two other indirect pieces of evidence
against an association between low serum
pepsin values and development of cancer of
the stomach are:
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Most authors report higher values in
males than in females despite the 1.5:1
ratio of male to female in the incidence
of cancer of the stomach

Normal range of serum peptic activity
was found in 6 ABCC patients with gastrie
polyp which is reputed to be a precancer-
ous lesion

The final story of pepsin levels and
their relation,
noma remains an unsettled point and much

if any, to gastric carci-
can be learned from future studies and the
projected long range goals at ABCC.
The present series while it cannot be
considered conclusive, suggests no definite
correlation between serum pepsin levels and
cancer of the stomach.

The fact that gastric cancer patients
may have normal serum pepsin levels does
not eliminate the test as an effective
screening agent, for gastric ulcer patients
do have higher mean values. In the
presence of achlorhydria and low to normal
serum pepsin levels, a patient with a
gastric lesion should be suspected of
it
cannot be overemphasized that values in
all diseases overlap considerably and any

having a malignant lesion. However,

one determination must be interpreted in
the light of other findings and should not
be blindly relied upon. In this study
patients with gastric ulcer were too few
to correlate location of lesion with serum
pepsin activity. However, those studied
revealed no consistent trend.

Previous studies on the effect of
radiation on the peptic activity of the
stomach have been adequately reported
elsewhere, 21723 Pepsin activity in those
studies was reported as pepsin secretion
into the stomaech rather than as serum
However,
despite some reported discrepancies in

levels as in the present study.

these two values they tend to correlate
well, 4,6

The stomach seems to be relatively radio
insensitive when compared to other body
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viscera. However, decreased pepsin
production has been reported when higher
doses of radiation are employed21"23
although this effect was never permanent.
Only in those experiments where the stomach
was directly exposed and near fatal doses
given did complete cessation of pepsin
normal
Therefore,
it was reasonable to assume that the four

production ensue. Here again,

activity was resumed in time.

ABCC radiation exposure groups would not
vary, as 15 years had elapsed since

exposure. This assumption proved correct.

No real trend with age is manifest
in the Hiroshima data in contrast to
Spiro et a1, 11 Mirsky et al maintained
that serum peptic activity increases until
age 20 and then levels off without any
1 1The small number of
subjects at ages 10-19 may account for
discrepancies between the studies.

further change.

-

Finally, in the 12 cases of leukemia mean
serum pepsin level was lower than in normal
subjects. Further investigation in this
field is needed, and the significance of
this fact cannot be adequately commented
on at present. It can only be stated
that the results concur with those of
previous investigators.

It is hoped that in the future, as
larger numbers of patients are studied,
more definitive statements can be made
regarding the significance of serum pepsin
levels. Initial pepsin levels will be
studied for all subjects visiting the
ABCC clinic in Hiroshima (about 13,000
individuals) over a two year period. They
will be carefully watched thereafter for
the development of disease.

SUMMARY

At the ABCC elinie in Hiroshima 1330
subjects were investigated as to serum
pepsin levels over a four month period.
The normal mean values compared well
with those reported for a United States

population using a similar technique.
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There appeared to be no significant
change in serum pepsin level with age, and
no difference could be detected among
individuals of the ABO blood groups.

No relationship was found between serum
pepsin level and exposure to ionizing
radiation.

Patients with gastric and duodenal ulcers
had mean levels which were higher than
while patients with
leukemia had lower than normal mean levels.

normal mean values,

Patients with gastrie polyps and gastric
It is
believed that the relation of serum pepsin
activity to cancer of the stomach is not

cancer had normal mean values.

settled and deserves further investigation.
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