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ABSTRACT 
A high incidence of cancer of the respiratory tract has been reported among former workers 

in a poison gas manufacturing plant which operated on Ohkunojima from 1927 to 1945. This 
report provides evidence of a high incidence of chromosome abnormality and sister chromatid 
exchange (SCE) rate among the former workers, as well as cytogenetic changes in two pa
tients among the former workers with chronic myelocytic leukemia (CML). A chromosome 
study of seven former workers with chronic bronchitis revealed a stable type of aberration, the 
average abnormality being 10.9 ± 4.4 percent, which is equivalent to those of atomic bomb 
survivors exposed at 1.2 km from the hypocenter. The SCE rate observed in 16 former workers 
ranged from 4.9 ± 2.1 to 17.8 ± 3.9, which was significantly higher than in the control group 
(p<0.03). One of the CML patients showed an extremely high percentage of missing Y chromo
somes along with t(9;22) translocation which is a specific chromosome aberration for the dis
ease. Furthermore, the patient had almost a 3 times higher SCE rate compared to the control 
group and a high incidence of chromosome abnormality (12.1 %) of the peripheral lympho
cytes. These results suggest that the development of leukemia in this patient was strongly 
related to poison gas exposure. 
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Ohkunojima is a small island in the Seto In
land Sea of Japan, Hiroshima Prefecture, where, 
between 1929 and 1945, a special factory was es
tablished by the former Japanese army for the 
production of several types of poison gases, in
cluding Y perite or mustard gas, and Lewisite, 
which is chlorvinylarsine. Both are vesicant 
gases. Among these poison gases, the long acting 
vesicant, mustard gas, was produced in the high
est quantities. In the factory, workers wore gas 
masks, rubber clothes, and took other measures 
for protection against poison gases. However, sup
plies were limited and, furthermore, the gas 
could penetrate through the protective clothing 
and masks and injure the skin of workers or 
cause acute irritation of the eyes and respiratory 
tract. The majority of former employees have 
complained of persistent productive coughs, 
bloody sputum, or intermittent fever. Studies of 
the former factory employees have revealed an 
excessive incidence of respiratory tract neoplasms 
among workers heavily exposed to mustard 
gas12,16,17). 

In the present study, cytogenetic abnormalities 
were investigated among workers with chronic 
bronchitis or other disorders and also in two pa
tients with chronic myelocytic leukemia having a 
history of gas exposure. The former factory work
ers had a higher incidence of chromosome abnor
malities and sister chromatid exchange rates 
compared to the control group. One of the two 
CML patients showed a high incidence of missing 
Y chromosomes in the bone marrow cells along 
with t(9;22) translocation, which is a specific 
chromosome abnormality for the disease and also 
a high incidence of SCE rate, suggesting a possi
bility of CML development in relation to exposure 
to the poison gas. 

MATERIALS AND METHODS 

Clinical samples: 
Peripheral blood samples from 43 former work

ers with a history of poison gas exposure were 
collected for analysis of chromosome aberrations 
and sister chromatid exchange (SCE) rate at Ta-
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danoumi Hospital, located near Ohkunojima. The 
former poison gas workers were divided into 
three groups according to their type of work in 
the factory12). Group A consisted of workers who 
had been engaged directly in the production of 
mustard gas and/or Lewisite. Group B consisted 
of workers who were engaged in the inspection of 
products and transport. Group C consisted of 
those who had been engaged in the production of 
other gases, or who had worked in medical and/or 
administrative jobs in that area. Bone marrow 
and peripheral blood samples from two CML pa
tients were also obtained from Hiroshima Univer
sity Hospital. The control group consisted of 
healthy individuals aged more than 50 years. The 
former workers at the factory, the CML patients 
and the control individuals were informed that 
blood or bone marrow samples would be taken for 
chromosome analysis and that their privacy 
would be protected. 

Case history of the leukemia patients: 
Case NT : On October 24, 1981, a 68-year old 

man was referred to our clinic from Tadanoumi 
Hospital with a 3-month history of progressive 
fatigue and leukocytosis for about one year. He 
had been engaged in the production of mustard 
gas at the factory (Group A) for 22 months and 
had been examined for his health condition once 
or twice a year for 13 years since 1969. His he
mogram showed 48 x 109/L of white blood cells 
(with 11 % basophils, 6% lymphocytes, 1 % mono
cytes, 1 % myeloblasts, 3% promyelocytes, 10% 
myelocytes, 7% metamyelocyte, 6% band form 
and 55% neutrophils), 11.9g/dl of hemoglobin and 
206 x 109/L of platelets. Diagnosis of CML was 
made from the morphology of the bone marrow 
cells and the positivity of Philadelphia (Ph 1) 

chromosome. After busulfan therapy for three 
months, the leukocyte count was maintained at a 
8-11 x 109 /L level. He died of pneumonia on 15 
Feb., 1983. 

Case SN : On February 15, 1984, a 53-year old 
female was also referred to our clinic from Tada
noumi Hospital with a history of leukocytosis for 
two years. She had worked in the area as a 
Group B worker. Her hemogram showed 54.8 x 
109/L of white blood cells (with 3% basophils, 3% 
eosinophils, 4% lymphocytes, 3% monocytes, 2% 
promyelocytes, 7% myelocytes, 5% metamyelo
cytes, 15% band form and 58% neutrophils), 
12.8g/dl of hemoglobin and 93.7 x 109/L of plate
lets. Diagnosis of CML was made from the bone 
marrow findings and Ph 1 positivity in the bone 
marrow cells. She was treated with busulfan for 
nine years with frequent interruption of the 
treatment. She developed blast crisis and died of 
bleeding on April 28, 1993. 

Chromosome analysis: 
After drawing 10 ml of peripheral blood, lym

phocytes in the huffy coat were washed once with 
saline and cultured for 48 hours with 7.9 ml of 
RPMI 1640 medium, 2.0 ml of fetal calf serum 
CFCS) and 0.1 ml of phytohemagglutinin (PHA, 
Welcome HA15). Two hours before cell harvest, 
they were treated with colchicine at a concentra
tion of 0.02 mg/ml. Hypotonic treatment was per
formed with a mixture of 0.075 M KCl and 0.034 
M sodium citrate at 4: 1 after fixing with Carnoy's 
solution (a mixture of absolute methanol and gla
cial acetic acid at 3:1). Slides were prepared by 
the air-drying method. After the slides were well 
dried, G-banding with trypsin was performed. All 
the satisfactory metaphases were photographed 
and all cells with chromosome aberrations on the 
photograph were subjected to karyotyping. De
tailed examination was made of the types of 
structural aberrations and breakpoints based on 
the human chromosome diagram according to 
ISCN (1985) 7). 

Sister chromatid exchange rate: 
After washing, the lymphocytes were cultured 

in RPMI 1640 medium with the same supplement 
as described above. PHA was added to the cells 
and were incubated at 37°C for 24 hours. After 
this period, BrdU, at a final concentration of 10 
mM, was added to the cultures and the cells were 
incubated for an additional 48 hours. Following 
colchicine arrest, metaphase preparations were 
made. The air-dried slides were exposed to 
Hoechst 33258 (0.5 mg/ml) in phosphate buffer 
(pH 7.0), exposed to ultraviolet light, and stained 
with 4% Giemsa11). 

SCEs were scored in at least 20 metaphases in 
the second division from the peripheral lympho
cyte preparation. Agreement of two investigators 
was obtained before each SCE was scored. All 
metaphases scored were subsequently photo
graphed. 

Chromosome analysis of leukemic marrow 
cells: 

Mononuclear cells from bone marrow samples 
were purified from a Ficoll gradient and cultured 
at a concentration of 1 x 106 cells/ml in a me
dium containing 8 ml of RPMI 1640 and 2 ml of 
FCS. A total of 107 cells were cultured in a plas
tic flask for 24 hours. Cell harvest, hypotonic 
treatment and staining were the same as de
scribed above for the peripheral lymphocyte cul
ture. 

RESULTS 

Chromosome aberrations: 
Lymphocyte cultures were started in 13 former 

workers, of which 7 were successful for chromo-
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Table 1 shows the type and duration of work at 

~ 
the factory, number of cells examined, chroma-

0 some aberration rate and abnormal karyotypes 
~ observed. All cases were found to have chroma-~ < < < ~ ~ ~ 0 0 
Q) some aberrations, ranging from 4.2 to 16.2. The 

$ average rate of abnormality was 10.9 ± 4.4 per-
cent. Among 208 examined cells, 25 cells had 
chromosome abnormalities, including 6 numerical 

Q) 

~ < ~ ~ ~ :>.; ca and 23 structural abnormalities. The types of 
if.l N +" structural abnormalities were 12 translocations, t1:! 0 ~ z en en ~ 0 

eight deletions, two markers and one inversion. 
Chromosome aberrations were different case by 
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case and no common abnormality or abnormal 2 represent the stable types of chromosome ab-
clone were observed. Aberration rate was not sig- normalities found in former workers at the poison 
nificantly different according to the type of work gas factory. 
or working periods in the factory. Figures 1 and 

Table 2. SCE rate in former workers at the poison gas factory 

Age at the 
Duration of No. of cells Average SCE Range of 

Type Case time of Type of work 
examination 

works (month) examined ±SD SCE 

OK 88 B 
sz 80 c 
IS 80 A 
YT 76 c 

Ul NT 78 B 
~ TR 73 B 
~ 
0 OT 71 A Ul ...... 
0 SY 67 B ~ 

~ ...... MT 72 A 
"'d 

FI 66 A a,) 
Ul 
~ HK 68 A 0 
~ 

r£l OT 74 A 
KS 65 B 

KM 68 A 
OA 64 A 
DK 66 A 

1 56 

.....-4 2 60 
0 
~ 3 72 ~ 
0 4 51 u 

5 68 

Sister chromatid exchange rate: 
Cultures for SCE were carried out in 30 former 

workers, of which 16 cases were successful. Most 
of the cases suffered from chronic bronchitis or 
cardio vascular disorders. Table 2 shows the ages 
at the time of SCE examination, type and dura
tion of work, number of cells examined, average 
SCE rate and its range in the order of working 
period. Nine former workers belonged to Group A 
and had worked at the factory for an average of 
49.4 months. Five belonged to Group B and had 
a history of exposure for an average of 97.4 
months. Two workers in Group Chad worked for 
189 and 84 months, respectively. Workers in the 
gas production area (Group A) had a shorter 
working period compared to Groups Band C. The 
SCE rate ranged from 4.9 ± 2.1 to 17.8 ± 3.9 in 
the exposed group. The mean SCE rate of the 
exposed group was significantly higher than 
that of the control group (average SCE rate 4.8) 
(p < 0.03). There was no clear relationship among 
type of works, smoking habit and SCEs rate. Fig. 
3 shows an example of the distribution of cells 

249 27 17.8 ± 3.9 3 - 27 

189 26 12.1 ± 3.6 4 - 20 

177 26 4.9 ± 2.1 1 - 10 

84 13 6.7 ± 2.0 3 - 10 

72 25 13.8 ± 3.3 0 :...16 

70 33 8.7 ± 4.4 1 - 18 

66 61 6.5 ± 3.1 1 - 14 

60 9 9.7 ± 3.3 4 - 14 

60 33 5.2 ± 2.4 1 - 9 

56 22 5.7 ± 2.4 3 - 11 

49 19 7.3 ± 4.6 1- 18 

36 30 8.3 ± 3.7 2 - 21 

36 26 6.4 ± 3.8 2 - 15 

24 32 9.0 ± 3.9 0 - 22 

24 29 11.6 ± 2.9 2 - 17 

13 14 5.6 ± 2.5 2 - 11 

25 4.2 ± 2.0 2- 6 
23 4.7 ± 1.4 1 - 7 
20 5.3 ± 2.8 2- 8 
27 4.7 ± 1.7 1 - 7 
26 4.9 ± 2.1 2- 8 

with SCE in Case SZ who had worked at the gas 
factory for 189 months as a member of Group C. 
It reveals a high percentage of cells with more 
than 11 SCE. 
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Fig. 3. Distribution of cells with SCE in case SZ 
(Table 2) who had worked at the gas factory for 189 
months as a member of Group C. 
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Fig. 4. Karyotype of bone marrow cell from case 
NT, representing reciprocal translocation of t(9;22) 
(q34;qll) and missing Y chromosome. 

Fig. 5. Sister chromatid exchanges found in case 
NT, showing 1 7 exchanges in a metaphase. 

Cytogenetic findings in leukemia patients: 
At the time of diagnosis, Case NT was shown to 

have Ph 1 positive cells in the bone marrow, ac
companied by 36.8% of cells with missing Y 
chromosomes in addition to Ph 1 chromosomes. 
Among 256 metaphases examined, 7 cells showed 
sporadic chromosome abnormalities along with 
Ph 1 or Ph1 and missing Y chromosomes. Fig. 4 
shows a karyotype with Ph 1 and missing Y 
chromosomes. PHA stimulated lymphocytes were 
also analyzed for chromosome abnormalities. In a 
total 124 cells examined, 8 7. 9% of cells were nor
mal, but the rest showed sporadic aberrations, 
most of which were of a stable type. The average 
SCE rate of the lymphocytes was 15.2/cell among 
20 cells analyzed, a significantly higher SCE rate 
than in the control group. Figure 5 shows a meta
phase of lymphocyte having 17 SCE. A chromo
some study of the bone marrow cells from Case 
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Fig. 6. Karyotype of bone marrow cell from case SN 
in accelerated phase of CML, representing 4 7, XX, 
+8,-l 7,t(9;22)(q34;qll),+der('l)t(l;l 7)(pl3;q21). 

SN with CML revealed Ph 1 positive cells in 100% 
at the time of diagnosis. After treatment with bu
sulfan for eight years, she developed the acceler
ated phase and had additional chromosome 
abnormalities of +8,-17,+der(l)t(l;l 7)(p13;q21) 
(Fig. 6). The average SCE rate of lymphocyte was 
8.0 ± 2.4 among 10 cells analyzed. 

DISCUSSION 
The present study demonstrates, for the first 

time, the high incidence of chromosome abnorma
lities and sister chromatid exchange in former 
workers at the poison gas factory. The chromo
some aberration rates ranged from 4.2% to 
16.2%, the average being 10.9%, which is equiva
lent to that of atomic bomb survivors exposed at 
1.2 km from the hypocenter8•15). The types of 
chromosome aberrations were of the stable type 
as seen in atomic bomb survivors. However, the 
chromosome breakpoints in the poison gas work
ers seemed to be distributed in more peripheral 
regions of each chromosome, compared to those of 
atomic bomb survivors5,9•15). No specific chromo
some abnormality nor clone formation was found 
in the seven former workers examined, whereas 
some clone formations were found among heavily 
exposed atomic bomb survivors5•10). Although the 
chromosome findings should have been confirmed 
by results from a larger number of the former 
workers, there were some difficulties in getting 
mitosis from these workers. Most of the former 
workers are more than 65 years old at present 
and have a low mitotic index of lymphocytes 
stimulated by PHA as an age effect. Further
more, most of the former workers have suffered 
from chronic bronchitis and have been receiving 
steroid hormone or antipyretics which react as 
membrane stabilizers resulting in low sensitivity 
of the lymphocytes to PHA and in a low mitotic 
index. This was one of the reasons for the low 
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success rate of the culture in the present study 
(53.8% in chromosome and 53.3% in SCE rate 
study). 

The SCE rate distributed from 4.9 ± 2.1 to 
17.8 ± 3.9 among 16 former workers at the poi
son gas factory, showing a three to four times 
higher incidence compared to the control group. 
Some lymphocytes revealed very high frequencies 
of SCE (Table 2 and Fig. 5), indicating the pres
ence of lymphocytes that had been strongly af
fected by poison gas. The formation of SCEs in 
human lymphocytes has been used as a method 
to monitor the exposure of workers to hazardous 
compounds1•2•13•14). Though a large number of en
vironmental chemicals including mutagens and/or 
carcinogens have been studied, so far no report 
has been published on SCEs induced by mustard 
gas or Lewisite3). It is possible that the elevated 
SCE in the former workers at the poison gas fac
tory in Ohkunojima island could be due to expo
sure to these poison gases, especially mustard 
gas. 

A high incidence of cancer of the respiratory 
tract was reported among Allied troops exposed 
to mustard gas during the First World War4) and 
also among former workers at the poison gas fac
tory on Ohkunojima in Hiroshima12,16,17). Nishi
moto12) reported that the standardized mortality 
ratio was significantly elevated in Groups A and 
B who had inhaled mustard gas for a period of 
more than seven months, suggesting a possibility 
that cancer of the respiratory tract is induced by 
mustard gas. 

Only two cases with chronic myelocytic leuke
mia have been found among the former workers 
since 1952. These two cases are reported here. 

Case NT had Ph1 positive cells which is specific 
for the disease, and also missing Y chromosomes 
in 36.8% of Ph 1 positive cells at the time of diag
nosis. The high percentage of missing Y chromo
somes shown in this case is unusual. A high 
percentage of missing Y chromosomes is normally 
found in aged persons with solid cancer or in im
munologically deficient individuals. The former 
factory workers were found to have suppressed 
immunological competence6•18•19•20). Case NT had 
been engaged in the production of mustard gas 
for 22 months and seemed to have developed im
munological deficiency. The high percentage of 
missing Y chromosomes may be related to his ex
posure to poison gas. Furthermore, he showed a 
high SCE rate of lymphocyte and a high inci
dence of abnormal chromosomes in the lympho
cytes. From this evidence, it may be deduced that 
the development of CML in Case NT is related to 
poison gas exposure. On the other hand, Case SN 
showed standard chromosome abnormality for 
CML. Therefore, it is difficult to speculate that 
the cause of the disease was poison gas exposure 
in this case, though the average SCE rate of lym-

phocyte was slightly high. 
Further cytogenetic studies, as well as molecu

lar investigations will be necessary to clarify the 
mechanism of tumor development among former 
workers at the gas factory. 
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