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ABSTRACT

Monocyte function of poison gas workers was determined and the following results
were obtained.

1) No difference in cytostatic activity could be observed between poison gas workers
and their controls.

2) Phagocytic activity of poison gas workers was slightly depressed when compared
with that of the controls, but the difference was not significant. By duration of work,
it was observed that the group with duration of work exceeding five years had a sig-
nificantly lower value when compared with the group with duration of work being less
than two years.

3) Chemotactic activity of poison gas workers tended to be depressed when com-
pared with that of the controls. The activity tended to be more depressed the longer
the duration of work.

4) A significant positive correlation was observed between cytostatic activity and
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phagocytic activity.

Poison gases were manufactured by the form-
er Japanese Army from 1927 to 1945 at
Okunojima Island, a small island located in the
Inland Sea of Seto'®. The Second Department
of Internal Medicine, Hiroshima University
School of Medicine has been engaged for the last
33 years in a clinical observation of the former
workers of the defunct Okunojima Poison Gas
Factory (hereinafter referred to as poison gas
workers). A high incidence of respiratory dis-
eases including chronic bronchitis has been ob-
served in the poison gas workers and
furthermore a high frequency of malignant
tumors, cancers of the respiratory tract in par-
ticular, has been reported in this population'.
Studies made to date by the authors have
demonstrated a depression in cellular immune
competence among the poison gas workers such
as decrease in PHA response of peripheral lym-
phocytes and abnormality in T lymphocyte

subsets'®. On the other hand, monocytes and
macrophages are cells which have embryologi-
cally existed earlier than lymphocytes and play
an important role in the defense mechanism. Al-
veolar macrophages play an important role as
one of the defense mechanisms of the respira-
tory - alveolar system, but tissue macrophages
originate from premonocytes and reach the tis-
sue via the peripheral monocytes and their func-
tion as peripheral monocytes has attracted much
interest as the prodromal cells of macrophages.
However, no report has been published in the
literature on any systematic study made on
monocyte function of poison gas workers. The
authors measured three types of monocyte ac-
tivities and examined the monocyte function of
poison gas workers.

SUBJECTS
The subjects of the present study are 73 male
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poison gas workers whose age ranged from 58
to 84. In classifying these 73 workers by dura-
tion of work, there were 23 workers whose du-
ration of work was less than two years, 31
workers whose duration was from two years to
less than five years, and 19 workers whose du-
ration of work was five or more years. For con-
trols, 26 males not engaged in poison gas
manufacture were selected with the age distri-
bution matching the poison gas workers.

METHODS

1. Separation of monocytes

Monocytes were obtained by using a slight
modification of the method of Kumagai et al®.
Briefly, by Ficoll-Conray density gradient cen-
trifugation method, mononuclear cell layer was
separated from heparized peripheral venous
blood and after washing twice with Hanks’ so-
lution it was placed in plastic dish pretreated for
24 hr at 4°C with fetal calf serum (FCS) and
then incubated for one hour at 37°C. Following
incubation, the plastic dish was washed four
times with Hanks’ solution and after removing
the non-attached cells, monocytes attached to
the plastic dish were obtained by detaching them
with a rubber policeman.
2. Measurement of cytostatic activity

Postlabel method of *H-thymidine was em-
ployed. Target cells (MeWo were human mela-
noma derived subcultured cell line and
SK-MES-1 were human lung cancer derived sub-
cultured cell line) were dispensed to microtest
plate (Falcon #38040) at 10%well. Monocytes
adjusted to 1 x 10%ml (2 x 10%ml in the case
of SK-MES-1) were added to the wells each at
0.1 m] (Effector: Target ratio = 10:1 or 20:1)
and were incubated for 48 hr and 8 hr prior to
completion of incubation, 0.4 uxCi of °H-
thymidine was added. Upon completion of incu-
bation, the microtest plate was washed with
Hanks’ solution and *H-thymidine not incorpo-
rated by the cells was removed. After drying the
microtest plate, the plate bottom was punched
out and the radioactivity of *H incorporated in
the target cells was determined by a liquid scin-
tillation counter.

Cytostatic activity was obtained by the follow-
ing equation: Cytostatic activity =

cpm of *H-thymidine incorpo-
rated in target cells after
incubation with monocytes
cpm of *H-thymidine incorpo-
rated in target cells after
incubation without monocytes

x 100 (%)

3. Measurement of phagocytic activity

The methods and conditions employed in the
measurement were reported in detail
previously®, but these will be briefly described.
Yeast particles and monocytes were suspended
in culture medium containing fresh serum so
that the ratio of yeast particles to monocyte
would be 20 : 1 and after mixing within a plas-
tic tube (Corning #25310), it was incubated for
30 min at 37°C. Following incubation, 4°C phos-
phate buffer saline (PBS) was added and was
mixed well so that the reaction was terminat-
ed. Thereafter, it was centrifuged at 150 G for
2 min to obtain cell sediments. One to two drops
of Ziehl’s carbolfuchsin solution were added to
the cell sediments and after mixing well one
drop was placed on a slide glass for microscop-
ic observation at 400 power. The ability of
monocytes to phagocytose yeast particles was
expressed as phagocytic index (PI), the mean
number of yeast particles phagocytosed per cell
by counting 100 monocytes.
4. Measurement of chemotactic activity

Human AB type serum diluted solution acti-
vated by zymosan was employed as chemotac-
tic factor. Chemotactic factor was placed in the
lower chamber of blind well chamber (Labo-
science, #342-0252) and was covered with 5 ym
Millipore filter. After confirming the absence of
air bubbles, screen-in type upper chamber was
inserted, to which 0.2 ml of monocytes suspen-
sion adjusted to 1 x 10°ml was added. After
allowing it to stand for 90 min at 37°C, the
filter was removed and fixed in alcohol, followed
by Giemsa staining. The stained filter was
microscopically examined to determine the
chemotactic ability. Following the method of
Kataoka® the authors randomly counted in five
visual fields at 400 power magnification the
number of monocytes which migrated from the
filter surface to a surface located 30 um away
and the mean thus obtained was used at
chemotactic index (CI).
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Fig. 1. Cytostatic activity of monocytes from the retired workers of the Poison Gas factory

RESULTS

1. Cytostatic activity of monocytes (Fig. 1)

The cytostatic activity of monocytes of 27.4 +
10.0% observed in 73 poison gas workers did not
demonstrate a significant difference from 28.2
+ 10.1% observed in 26 controls. Even when
the subjects were divided into three groups ac-
cording to duration of work, no significant
difference could be observed among the three
groups.
2. Phagocytic activity of monocytes (Fig. 2)

The mean value of phagocytic index of 2.16
+ (.38 observed in poison gas workers did not
show a significant difference from the mean

1

Phagocytic index

Control P.G.

Phagocytic index

value of 2.24 £ 0.35 observed in the control
group. In examining the phagocytic index by du-
ration of work, the phagocytic index of 2.30 +
0.35 was seen in the group having a duration
of work less than 2 years, 2.15 £ 0.38 in the
group having a duration of work of 2.1 — 5
years, and 2.01 + 0.35 in the group having a
during of work exceeding 5 years, indicating a
significant (p<0.05) depression in the phagocytic
index in the group having a duration of work
of more than five years compared with that of
the group having a duration of work of less than
two years.

3. Chemotactic activity of monocytes (Fig. 3)

p<0.05

N

/
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Fig. 2. Phagocytic activity of monocytes from the retired workers of the Poison Gas factory
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Fig. 3. Chemotactic activity of monocytes from the retired workers of the Poison Gas factory
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of the Poison Gas factory

The mean of the chemotactic activity of poi-
son gas workers was 11.7 £ 3.0, which tends
to be depressed (p<0.1) when compared with
the mean of 12.9 = 2.5 observed in the control
group. When examined by duration of work, the
mean of the group having a duration of work
of less than two years was 12.0 £ 2.9, 11.8 =
3.2 for the group with duration of work between
2 and 5 years and 11.2 + 2.8 for the group with
duration of work exceeding 5 years. The value
decreased with duration of work, but the differ-
ence was not significant.

4. Correlation among monocyte activities of poi-
son gas workers

Of the three types of monocyte activities, a
positive significant correlation (p<0.05) was ob-
served between cytostatic activity and phagocyt-
ic activity (Fig. 4).

DISCUSSION
Based on the studies of former poison gas
workers conducted during the last 33 years, the
Second Department of Internal Medicine,
Hiroshima University School of Medicine has



Function of Monocytes in Man 429

reported that the incidence of chronic airway
diseases including chronic bronchitis and lung
cancer in particular is high in this population'®.
It is considered that the cause involved is long
term inhalation of violent poison gases includ-
ing yperite in the poison gas factory. The car-
cinogenic properties of yperite have been
reported in a number of animal experiments”
and also in man it has been reported that the
incidence of airway cancer was high in the
troops of the allied forces exposed to yperite gas
during World War I”. With the introduction of
the concept of immune surveillance system in
the studies of carcinogenesis in recent years,
results suggesting a close relationship between
depression of immune competence and carcino-
genesis have been reported. It has been report-
ed by many workers that the frequency of
malignant tumors is high among patients with
transplantation and those with congenital im-
munodeficiency diseases®'”.

In our study of immune competence of form-
er poison gas workers, we have observed find-
ings suggesting abnormal cellular immune
competence such as depression of PHA reaction
of peripheral lymphocytes and increase of sup-
pressor T lymphocytes, but hardly any study has
been made on the function of monocytes. In the
present study, an attempt was made to deter-
mine the functions of monocytes of former poi-
son gas workers with the use of three methods
of determining monocyte activities.

No difference in cytostatic activity of mono-
cytes could be demonstrated between poison gas
workers and their controls. Even when the du-
ration of work at the poison gas factory of these
workers was divided into three groups, no differ-
ence could be observed among the three groups.
Many reports have been published on the
cytostatic activity of human monocytes obtained
from cancer patients. Jewells et al® and Mashi-
ba et al” have observed an elevation in activi-
ty, whereas Nakata” has reported a depression,
but Yanagawa et al'® has observed no differ-
ence when compared with healthy individuals, in-
dicating no consistent tendency in the results.
One of the reasons involved might be the differ-
ence in target cells employed by these workers,
suggesting a need to use the same target cells
among the workers in the future.

In examining the ability of monocytes to

phagocytose yeast particles, no difference could
be demonstrated between poison gas workers
and their controls, but in classifying the workers
by duration of work in the poison gas factory,
the group having a duration of work exceeding
five years showed a significant depression when
compared with the group having a duration of
work of less than two years. Furthermore, the
chemotactic activity of monocytes of poison gas
workers tended to be depressed when compared
with that of the controls and when the group
was classified by duration of work, the longer
the duration of work the greater was the ten-
dency for the chemotactic activity to be
depressed. These findings suggest that inhala-
tion of poison might damage the monocyte func-
tion to bring rise to some abnormality in the
defense mechanism and to depression of
resistance against infection and cancer.
Yamashita' also focusses his interest on im-
mune suppression due to carcinogenic factor in
his studies and study of the relation between
carcinogenic factor and immune competence is
considered to be of importance in analyzing
some types of carcinogenesis.

Of the monocyte activities of poison gas wor-
kers, a positive correlation was demonstrated be-
tween cytostatic activity and phagocytic activity.
It was regarded heretofore that the antitumor
activity and phagocytic activity of monocytes
and macrophages were two mutually indepen-
dent activities'?, but Nakata® in his study of
monocyte activities of lung cancer patients has
reported a positive correlation between phago-
cytic activity and cytostatic activity. These in-
dicate the need for further detailed study on the
involvement of phagocytic activity in the
mechanism of cytotoxicity.
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