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Figure 1.
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Mitotic index in 2-day cultures from Group 1 by age and sex
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- Mitotic index in 2-day cultures from Group 2 (excluding F1 ) by age and sex
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SUMMARY

The proliferative capacity of human leukocytes in
cultures was investigated by mitotic index analysis
and autoradiography. It was found that the mitotic
index in 2-day culwres tended to decrease with
increasing age, but was not influenced by other
factors, such as sex, radiation dose, and variation in
certain clinical biochemical and hematological
parameters. Autoradiographic study also demoa-
strated, in 3-day culture, a tendency towards a
decrease with age in the proportion of cells entering
their second cell division. These results suggest
that the proliferative capacity of leukocytes in
culture declines with age. In addition, cells with
unstable type chromosome aberrations were found to
proliferate in culture at a rate equal to that of the
cells with no aberrations.

INTRODUCTION

Since the interpretation of data obtained from studies
of the frequency of chromosome aberrations induced
by irradiation can be influenced by the number and
frequency of cell divisions, it is important to
determine whether there are any differences in
proliferative capacity of human leukocytes in tissue
culture as measured by the frequency and number
of cell divisions.!

The present study was undertaken to see if there
was any significant difference among individuals
with respect to (1) mitotic indices in 2-day cultures,
(2) the proportion of metaphases in their first and
second division in 2- and 3-day cultures, and (3) the
frequency of metaphases with normal and structurally
abnormal chromosomes in their first and second
division in 3-day cultures.
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MATERIALS AND METHODS

For the present study, 411 individuals were selected
from among A-bomb survivors who are members of the
ABCC-JNIH Adult Health Study sample (AHS) in
Hiroshima for whom dose estimates (TG5 dose) have
been made.? An additional 95 individuals were
selected from among the offspring of A-bomb
survivors(F1). Blood specimens from 35 AHS and
9 F{ participants were also used for autoradio-
graphic study. The characteristics of both samples
have been described elsewhere. 3+4

Routine  procedure for microscopic preparations
One ml of plasma separated from peripheral blood was
suspended in approximately 9ml of culture medium
consisting of 8ml of TC-199 medium, 1ml of calf
serum, and (0.1 ml of phytohaemagglutinin (Wellcome
Res. Lab., England). The cell suspension, incubated
at 37C, with the final 2 hours in the presence of
colchicine (4y/ml), was harvested after 50 hours.
Chromosome slides were prepared according to the
routine air-dry technique, and stained with Giemsa.
The mitotic index (M.I.) is defined as the percentage
of cells in mitosis among 500 mononuclear cells
on the Giemsa stained slide preparation. i

Autoradiography Autoradiographic studies were
made of 2- and 3-day cultures as follows. Cells in
2-day cultures were labeled with tritiated thymidine
(specific activity 5c¢/mM, The Radiochemical Center,
Amersham, England) which was added to the cultures
at a concentration of 0.1pic/ml 24 hours after
incubation began.
6 hours later by washing the cells with medium
containing nonradioactive thymidine (10pg/ml) and
the cells were resuspended in the standard incubation

The labeling was terminared

medium supplemented with nonradicactive thymidine
(10pg/ml).  After a total of 50 hours incubation,
the final 2 hours in the presence of colchicine, the
cells were harvested and processed for autoradio-
graphy. In 3-day cultures, the cells were labeled
at 30 hours, washed at 54 hours (24 hours of isotope
treatment), and harvested at 74 hours after the
initiation of the culwre. Other procedures were
the same as for 2-day cultures.

Slides were stained with carbol-fuchsin,?® dipped in
Sakura NR-M2 liquid emulsion (Konishiroku Photo.
Ind. Co. Ltd., Tokyo), kept for 3 weeks at 4C in a
dark, dry atomosphere, and then developed with
Sakura Konidol-X for 4 minutes at 16 C.

The metaphase cells were identified as being either
in the first or second division on the basis of the
chromosome labeling pattern; at first division both
chromatids are labeled, and at second division only
one of the two chromatids is labeled. In this
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observation, unlabeled metaphases would be those
cells which did not begin the DNA synthesis unril
after H3-thymidine was removed. Such metaphases
would in all likelihood be in their first cell division
when harvested, since the generation time of
cultured leukocytes is more than 12 hours® whereas
the time interval between termination of labeling and
harvesting was only 20 hours. The frequency of
labeled mononuclear cells was also determined in
2- and 3-day cultures.

In three cases from the 3-day culture series, slides
stained with carbol-fuchsin were inspected for
chromosome aberrations before autoradiography, and
all of the cells with definite or suspected structural
aberrations detected by direct microscopy were
photographed for karyotype analysis. After karyotype
analysis, the same preparations were processed for
autoradiography so that the number of in vitro
divisions was determined for the previously analyzed
metaphases on the basis of the chromosome labeling
pattem, as described above.

Other laboratory tests such as leukocyte differential
counts, blood group, blood sugar, uric acid, and
cholesterol were performed in the ABCC Clinical
Laboratories using standard methods.

RESULTS

Mitotic index Since a minor technical modification®
of blood culture was made in the latter half of this
study, the sample was separated into two groups,
i.e., Group I (before modification) and Group II (after
modification). Group I included 273 cases from the
AHS sample; in Group Il there were 138 from the
AHS and 95 from the F| sample. Figures 1 and 2
represent the results of the mirtotic index in males
and females in both groups of the AHS sample,
expressed as a function of the donor’s age. In both
groups the mitotic indices seem to decline with
increasing age, and the correlation coefficients
computed are statistically significant (see Table 4).
Analy ses of the data yielded the following regression
equation each with statistically significant regression
coefficients (p<0.05).

Group I

Male : Mitotic index(%)=2.168 —0.0156 (A ge)
Female: Mitotic index(%)=2.744 —0.0240( A ge)

Fiodw Tk, FEEE HMARIE H - thymidine @ ERE
BIDNAGHZ M L Z#llaTas s 5. HEAMERO
eI ETcsD, b —F, ERAETRARD
@& F CORMMMETRMITFELZVOT, 20L&
5 4 IEEEAR oY RN NE I, MIMRE EE L AT 1EHE
OFRTH 5 alHEME AT, PR A a0 I R b
QMR LU AMBEICEVTHAEL 2.

JHMEBED I B 3MIZEVTIE, A-FF VAT TT
AN, BRE- 7Yy THRE L TREFREE
O MWEIZo VT EEMMAEREL, MRS, 2
i, BhLuEELTRTHEOTATIIOWTERIZES
BRISH AT -4, BESHE, chooEREe4 -+
5475 7HETMBL, RioRL RRERERRCE
TVTEEIIHFLASHRMBROBBEEN ST S5
[ % MR L .

AMERG G, MES, REFLICTILATH-LO
X5 LR MmTEE, ABCCHEEMREMSIZH» THLEES
EEHOTEBL .
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SEEH FWTEORFICMESEECbT »2IEE"
B i0T, #$8EL o0, T4bb, BIR(E
Eai) & s I8 (feiEik) L izsd, &1 Bl AREGR
g EnHromn, SIFCIEKARERNED
13841 L BIRE O T (F) OWERNEHEBHHEE N T
WA, ZOMBELETAMAREAEGEECLDVTH
IS H A ERBOMBTRELALOEB LML THL &
FUBE2 IR A, Wi L HRE T EM ORIz
TFBET3micedn, FHHEAL S5 HEFEHIT R
CHETHA (F4). EHOMFALF 0 F NIZHEN
ICH B EIRE (P <0.05) % & 2 ROMF AR
Honi.

#IH

B SUIEH (%) = 2.168—0.0156 X ({Ei)
o SEHER (%) = 2.744—0.0240 X (fF-#5)

* For the simultaneous initiation of cultures from several blood specimens which were taken at different times and dates, some
were kept in the refrigerator at 4 C without any treatment (Group I}. For more reliable storage of leukocytes, plasma containing
leukocytes was separated from the blood, allowed to stand at 4C for about 2 hours, and suspended in the culture medium
(20% FBS) without PHA. In this procedure the mixture was kept in the refrigerator until the start of incubation (Group ID.

WA of OBICHRRL A B EOHELFCMET 34010, 53000 RNEOE 4 " CTHERCBEFLA (B1H). MEz4°CT
FIonGMIERE L AR AmMBESAS ML TEL, s PHA 2 &3 2 i (20% FBS JIZART, MRS E TR ISR YA LA
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TABLE 1 MITOTIC INDEX (M.L) IN 2.DAY CULTURES OF PERIPHERAL BLOOD FROM THE
AHS AND F; SAMPLES BY SEX AND AGE

%1 MABEWNESRE S LUBEBEOFHR(F) ORMM2 OMERIZHT S
SRR (M. L) f - SEi5

Group 1 Group 11
Sample Age
(yrs.) Cases M.I.{%) Cases M.L (%)
Male Fy 12-22 54 2.46
AHS 24.39 18 1.70 10 2.34
AHS 40-49 27 1.52 13 1.77
AHS 50-59 19 1.23 15 1.84
AHS 60-69 30 1.20 13 1.69
AHS T0+ 13 0.95 5 1.16
Female Fy 12.22 41 2.84
AHS 24-39 29 1.85 13 2.23
AHS 40-49 46 1.79 25 1.92
AHS 50-59 34 1.45 18 1.51
AHS 60-69 38 1.05 20 1.68
AHS 70+ 19 1.07 6 0.73

Group II {excluding the F; subjects)

Male : Mitotic index(%)=2.895—-0.0211(Age) *

Female: Mitotic index(%)=3.147 —0.0269( A ge)

This tendency is shown more clearly in Table 1
where the AHS subjects were subdivided into five
groups according to age.

For either sex in the F; sample, the average values
of the mitotic indices were higher than those of the
youngest groups in the AHS sample who were older
than any of the F; sample (Table 1). This finding
is further support for the observation that the mitotic
index decreases with increasing age.

The declination of the regression line for the mitotic
index vs age in both sexes was almost identical for
Groups I and II (Figures 1 and 2), and no significant
difference between males and females was seen in
the mitotic index.

Comparison of the mitotic index by estimated (T63)
radiation dose showed no significant difference
between the less than 1rad and 1rad or more group
in either group (Table 2). Furthermore when the
lrad or more group was subdivided according to
exposure dose, no ' significant correlation between
mitotic index and exposure dose was seen (Tables 2
and 4). Further, it was found that the mitotic index
had no significant relationship to acute radiation
symptoms (Table 2). Since the occurrence of acute
radiation symptoms is closely related to radiation
dose, this finding may be adduced as supporting an

% 18 (F, #REIK)
B LR (%) = 2.895—0.0211 X (SE#)
4o SRR (%)= 3.147—0.0269 X (F&)

FlIZRT L9, ZOEmERABEFRE (AHS) X5
EE RIS I TOHICM T 2L LEOME TS,

HIMMAEHCEVTERS - LT holacd SREH
OFHEE, FLTH IR AEEREMSREDO BHEF
HEOGBEERIVLEHETHE- 2 (FL). 0T,
ERoOBMZI>h THRERFRL T2 285108
a0 ThH3.

SREEHEEREOMORFBERD FRESIFEF
HirswitHB - LB eAXRILTHE-TIHL,
M2), BLBizFEL223Rb6hEh ok,

HeE AR A (T 65D ) Bl BIEH O TIE, WihoRIz
FTElradll Fe lrad Bz AEEDZE LR
WENLhol(#2). 5617, ikl rad Ml LD
BRI LR G, SRR HEGR S OR
CHELZHMRBAEIROSh R (F2 L UFEL).
7o, oRRME DMERSEBERE oML EE S ME
B hol (F22). BMERSHIERDREE IR &
EHELMESELZ LSS, ZOMPIGHIBHRE L TR
HBHLOMIIAE L MHEEBEO VI LE2BTT 20D



TABLE 2 MITOTIC INDEX (M.L) IN 2-DAY CULTURES OF PERIPHERAL BLOOD
FROM THE AHS SAMPLE BY RADIATION DOSE AND ACUTE RADIATION SYMPTOMS
#2 MARBMENRE ORI 2 H BRI H 1355888 (M. L )

BRMLEL - S B B R B

Group I Group II
Cases M.I.(%) Cases M.I1.(%)
Radiation dose
< 1rad 139 1.44 51 1.68
>1 134 1.41 87 1.82
1-99 rad 2 2.00 3 3.13
100-199 61 1.53 34 1.72
200-299 30 1.09 21 1.93
300-399 I'a 1.43 12 2.00
400 + 26 1.43 17 1.50
Acute radiation symptoms*
None 163 1.43 64 1.74
One 32 1.68 22 1.70
Two 37 1.15 26 1.64
All 40 .40 25 2.01

* Epilation, bleeding, and oropharyngeal lesions.

Excluding two unknown cases.

significant correlation berween
exposure dose and mitotic index.

absence of any

The relation of mitotic indices to the number of
white blood cells, differential count of lympho-
cytes (%), blood level of uric acid, sugar and
cholesterol, and blood type (ABO) is presented in
Table 3. With one exception, there is no significant
carrelation between mitotic index and these para-
meters, judging from the absence of significant
correlation coefficients estimated for each of the
comparison (Table 4). The single exception, number
of white blood cells in Group I, is marginal and
probably fortuitous. Therefore, those factors do not
seem to exert any appreciable influence on the

mitotic index,

Cell division. 2-day Culture: Table 5 shows the
percentage of metaphase cells in their first and
second division, and the percent of labeled mono-
nuclear cells in 2-day cultures. In the younger
group (F) no second division was observed, while
in the older group (AHS) six metaphases (2.0%)
were found to be in their second division. The
proportion of the labeled metaphases in their first
division and of the labeled mononuclear cells in the
older group were also slightly higher than those of
the younger group. The difference of these values
between the younger and older group,

was not statistically significant (p>0.05).

however,
These

LELLEN A,
#3Z, AMERE, UrSHoENIE (%), bR,
WEiUaLA7o— V4 6 FICMiER (A, B,O) &
TEREREOMEATR T, BRBEHB >V THESHE
BIFEARIML Tz b S LT, SRR E 2 h
ENINTA—s—LDMIIE, —2OflesREEE LM
BEMEEEssnz v (Ra). W—-ofstex, 518
CHTSHMEMT, HEMOBRMIGEVWHEERL, &
BB RLELNS, fEoT, ChsnERE
DEEHCHLEELRIELTVWEVESITES

MESE D2 HMEE: 20ME#CEss 1EH
BRU2EHOSEMEL & Ul RERATEO &2
ERLIIRT. HEFB (R MEESRE) 2w, 20
Hon#izs st odBEsherond, SEER
(MABBEREGRE) 2Tk, 2BHOFEISH -
MR 60 (2.0%)FEwohi. BEERIETA 1M
Hoor 2z & 5 BESHNe & X o0 #k s la o il 41,
EHLUFFEREINLLT PGS I~ LALEDS,
HEBHLOMEREOMoZRHIAMCEETIES




TABLE 3 MITOTIC INDEX (M.L) IN 2.DAY CULTURES OF PERIPHERAL BLOOD FROM THE AHS
SAMPLE BY HEMATOLOGICAL, BIOCHEMICAL AND SEROLOGICAL PARAMETERS
#3 MABRERESRLAOXRMM2 AMBERICET 358 B8 (M L ):
MEFE, £AFENE L CMEEN T 4 -5 =4

Group 1 Group II
Cases M.L(%) Cases M.I.(%)
White blood cell
S 44.9(%x10° Jemm) 31 1.79 21 1.80
45.0 - 54.9 64 1.40 35 1.94
55.0 - 64.9 T 1.40 33 1.55
65.0- 74.9 50 1.40 23 1.80
75.0+ 56 1.30 26 1.76
Lymphocyte
- 24(%) 70 1.24 27 2.05
25- 29 48 1.30 19 1.66
30- 34 48 1.56 32 2.03
35- 39 49 1.55 25 1.48
40+ 58 152 35 1.57
Uric acid
- 3.4 (mg/dl) 55 1.43 20 2.20
35-44 83 1.50 45 1.56
45-5.4 69 1.40 33 1.84
5.5-6.4 35 1.42 24 1.72
6.5+ 31 1.26 16 1.71
Blood sugar
- 99 (mg/dl) 29 1.89 11 1.80
100 - 119 39 1,21 16 1.97
120 - 139 38 1.43 22 1.59
140 - 159 22 1.24 13 1.48
160 + 47 1.22 15 1.71
Cholesterol
- 159 (mg/dl) 61 1.31 28 2.01
160 - 179 51 1.40 38 1.86
180 - 199 58 1.48 29 1.66
200 - 219 45 1.64 22 1.63
220 - 239 33 1.37 15 1.69
240+ 25 1.30 6 1.30
Blood type
0 59 1.30
A 68 1.47
B 33 1.48
1.47

AB 17

findings indicate that there is in all likelihood no
time difference in the initiation of the DNA synthesis
of leukocytes in
old persons.

cultures between young and

3-day Culture: The percentage of the first and
second or subsequent cell divisions, and of labeled
mononuclear cells in 3-day cultures were compared
by age (Table 6 and Figure 3). It can be seen that
the proportion of cells at second division tended to
decline with increasing age, showing a significantly
On the other
hand, the frequency of unlabeled metaphases in their

negative linear regression (p<0.01).

ok (P >0.05)., ZOZ EFEEAMERIZ&IT4 DNA
HROMIRIZ, FEZLESHELOMIZEZ 5 ¢ Hi‘I‘-rH]_H’J

BEOLIEERL T3 TR

2) 3 [ K53 . 1ME, 20H#& & U % 0 LEOMEE
SO R & B A o £ n k& R 2
Li-(#6, B3). 2hBEOS%E s /a0 E & LHE
oI THL T aEmIZeE D, HELEO R
EfHERLAE (P <0.01). fuly, 1EHEHOG#IZH S



TABLE 4 SUMMARY OF STATISTICAL TESTS FOR CORRELATION BETWEEN MITOTIC INDEX AND
AGE, RADIATION DOSE, AND SEVERAL PARAMETERS FROM LABORATORY TESTS IN THE AHS SAMPLE

#4

RARBEREANRE 1251 5 9 RIM e B8, BHREE S LUK OBKMRE

Nﬁx—y—awmﬁwﬁuoufmﬁﬂ%mmﬁm%%

Croup I Group 11
Parameter Tested
r Test r Test
Age
Male —0.231 - —0.306 »
Female —0.313 e —0.314 *
Total —0.283 G —0.311 it
Radiation doset —0.029 NS —0.071 NS
Laboratory tests
White blood cells —0.119 * —0.035 NS
Lymphocytes 0.112 NS —0.117 NS
Urie acid —0.061 NS —0.062 NS
Blood sugar —0.110 NS —0.041 NS
Cholesterol —0.004 NS —0.125 NS
r:  Correlation coefficients; computed only for the AHS sample.
test: Test whether or not correlation coefficients are significantly different from zero.
T Excluding low dose group (1-99 rad), because insufficient cases available,

e Significant (p < 0,05).
NS: Not Significant {p > 0.05) :

-

TABLE 5 LABELING FREQUENCY (%) OF METAPHASES AND MONONUCLEAR CELLS IN 2-DAY CULTURES IN THE
YOUNGER (Fy ) AND THE OLDER (AHS) GROUP

#5 HEAW(F) L UEMET (AHS) 0 2 HRIEE 12 15 2 20 200000 & W R N o B30k o e
. Metaphases Mononuclear Cells
Sampl ek c 1st Divisi 2nd Division  _ -
: ) + -
e (;:ar:) doo Total Zoen bt Total  Unlabeled Labeled
Unlabeled Labeled Labeled
Fi 12-22 5 250 99.6 0.4 0.0 1000 99.3 0.7
(17.6)
AHS 24-85 6 300 97.0 1.0 2.0 1200 97.3 2:3
(58.0)
Total 12.85 11 550 98.2 0.7 1.1 2200 98.2 1.8
(39.6)

division and of unlabeled mononuclear cells
was found to increase with age and showed signifi-
cantly positive linear regressions (p<0.01) with age.
The describing
characteristics are as follows: Second division (%)
=96.39-0.543 (Age); Unlabeled first division(%)=
—0.21+0.560 (Age); and Unlabeled mononuclear
cells(%)=31.89+0.423(Age). The proportion of the
labeled metaphases in their first division did not

firse

regression equations these three

vary significantly with age; the correlation coefficient
describing this relationship was not statistically
significant (p>0.05).

Sk oy WM 0 BEE & JEEME M 2 h L, T
ELLIZEMLTEY, ERELLICAESEORRRE
#MIP<0.01) &2 LA, ChE Zo0HME R+ EIE
FREFREROLEDTHD: H20HSE (%)= 96.39 -
0.543X (FFlh); HERBDIDESHE(%)=-0.21+
0.560X (fF&b); FEMEEUAEAINE (%) = 31.89+ 0.423 %
(SEM) . 1EE OS2I 6 2 RN o s A3 6 E
EBIEHEBLEET, 20, HBGEHRIEFMCEE
TlE%EA» 274 (P >0.05).
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Figure 3 Pertentages of metaphases in their first (unlabeled only) and second or subsequent division in 3-day

cultures by age.
[# 3

The labeling frequencies of metaphases and mono-
nuclear in 3-day cultures were analyzed by
radiation exposure dose (Table 7).
remarkable

cells
There was no
difference in proportion of cells at
second division between the low and the high dose
groups, and these values were similar to that of the
not in city group. Although the value in the less than
1rad group was lower than that of the other groups,
this statistically
A similar situation was found for the percentage of
These findings that
radiation dose apparently has no significant effect to
the proliferative capacity of leukocytes in cultures.

difference was not significant.

mononuclear cells. indicate

No remarkable difference between males and females
was observed in frequency of cells in the first and
the second division.

Cell division and chromosome aberrations. The
proportion of metaphases with normal and abnormal
chromosomes in their first and second or subsequent
division in 3-day cultures from three cases, is shown
in Table 8. It has been demonstrated that the
chromatid type aberrations may be produced by
I-[a-thymidinc treatment, 7and some of these aberrations
may in tum give rise to acentric fragments and
deletions in subsequent cell division in culmre.
abnormalities dealt with

Therefore, chromosome

IOMEH &3 1EA(FER) U 2Pz s AlBOBSROE G EBA

3 HIERIC b 52 Bas #Mllas & U R o
RS EERICRITL 2 (£7). BEEEL SHE
oMoz oOHoaAMBoRGIFLVELL
ZhooMEETARIIVAEP - ABEOHOBE EMAELT
W, lrad Dl FORZE - HTAH8ERMLOBEOES
N b LY, COEIHANIIHBETEE S/
BHMBEOESHRE I>LWTEECREFRZL SR, o
NoOFREEIE, BEREFEREANBRO[MRICIAEES
MEAERFLTWAWIEERLTLS,

1EHsL2EHOSEIZH 2HIlamBEIZ VT,
BB ELOELIELD LR S -

HMEARSLUREEKRESY %813, 303 0EHEE
CHpHE1EE, 2Ed2w L Z20EBOSRIZESER
BRUBREREERE AT IFTEMBOE S 2xRY. H -
thymidine WLEL 7 (Z L > TRE S EUE I 45 &
WIZEHFES ISR TEY, ZhoDREO—HIL
BRhoMEr R TRABEROSREERI TN
B, LiHoT, Z2THD LIFA2mkREE, 20



TABLE 6 LABELING FREQUENCY (%) OF METAPHASES AND MONONUCLEAR CELLS IN 3.DAY CULTURES BY AGE
#6 SHMMERIZHT5HMIEr L UHHMTO BEERE (%): FEb7

) Metaphases Mononuclear Cells
Age in C
Sampl Years ivisi 2 ivisi
ARPE Al RRES Total 548 siata ad Total Unlabeled Labeled
(mean) Unlabeled  Labeled Labeled
Fi 12.22 4 400 8.8 52 86.0 2000 35.2 64.8
(18.5)
AHS 24.29 4 366 9.6 2.7 87.7 2000 41.3 58.7
(25.8)
AHS 30-39 6 590 25.6 3.2 L2 3000 51.2 48.8
(34.3)
AHS 40.49 3 300 19.7 1.0 79.3 1500 46.6 53.4
(44.3)
AHS 50.59 5 500 23.2 1.4 T5.4 2500 57.6 42.4
(56.0)
AHS 60-69 6 600 34,2 2.7 63.2 3000 59.0 41.0
(63.7)
AHS 70+ 5 500 50.2 4.2 45.6 2500 65.0 35.0
(73.4)

TABLE 7 LABELING FREQUENCY (%) OF METAPHASES AND MONONUCLEAR CELLS IN 3-DAY CULTURES
FROM THE AHS SAMPLE BY RADIATION DOSE

BT BMAREBEARED 3 HHBRIZ 0 2 088 s £ S0 BEUE (%) # RGN

Metaphases Mononuclear Cells
Dose in rad Cases 1st Division 2nd Division
(mean) Taotal s Total  Unlabeled Labeled
Unlabeled Labeled Labeled

NIC* 4 400 22.8 1.5 75.8 2000 53.4 46.6
<1 11 1080 37.5 3.9 58.5 5500 60.1 39.9
1-299 8 B00 23.4 2.1 74.5 4000 50.9 49.1
(146.3)

300+ 6 566 23.0 1.8 75.3 3000 49.5 50.5
(519.0)

* NIC: Not in city at the time of the bomb. Their estimated dose was zero.

TABLE 8 FREQUENCY OF METAPHASES WITH NORMAL AND ABNORMAL CHROMOSOMES IN THEIR FIRST
AND SECOND DIVISION IN 3-DAY CULTURES FROM THREE CASES IN THE AHS SAMPLE

#£8 WMAREWNEMLZEIFOIHMER ST IBHEL U 2HBOREIZS 2
B8 - SRR 1R & 5 5 AR 0 Y 8 8

Cells in
Dose in Chromosome —

Case No. Sex Age rad Condition 1st Division  2nd Division Total
H0574 F 72 <1 MNormal G8(57.1) 51(42.9) 119
Abnormal* 3(16.7) 15(83.3) 18

Total 71(51.8) 66 (48,2} 137

HO#33 F 30 445 Normal 8{11.8) 61(88.4) 69
Abnormal* 1(4.3) 22(95.7) 23

Total 9(9.8) B3(90.2) 92

HO866 M 62 612 Normal 13(21.7) 47(78.3) 60
Abnormal * 1(6.3) 15(93.7) 16

Total 14(18.4) 62(81.6) 76

* Only cells with exchange aberrations (dicentries, rings, translocations, and inversions) were included. Parentheses indicate
percentages.
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Figure 4 Metaphases observed in 3-day cultures, Upper: Metaphases after auloradiography, having a dicentric
and an acentric fragment (arrows). Lower: Partial metaphase before (left) and after (right) auioradiography, having
a tricentric chromosome (arrow). Note that grains are distributed primarily over one chromatid of the chromosomes,
indicating these metaphases are in the second or subsequent cell division in culture,

M4 3OMBER-FOTBEEZA-SHME L A-t7 7477 7B0BEOTRMET, 20EHE
Bl UREEIE (REDABER AN, T A— b3 V4 77 7ML &L FNEE ()OS
T, IWmEERGE(RN)FEHENS. BHFRELLT IBoRasEbIaHmLTED, 2406
DM Rp I 2 MEF AR FNLBORRBISS I EATRLT YA,
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TABLE 9 NUMBER OF METAPHASES IN THEIR FIRST AND SECOND DIVISION BY TYPE
OF CELL IN 3-DAY CULTURES FROM THREE CASES IN THE AHS SAMPLE

9 WMARBHEMNREIHAOIHMERE T2 1MBH LU
2EEOZHEIZS 3 Mo ML HiEo R

Type of Cell* 1st Division 2nd Division Total
Cu 18 19
Cs 4 34 a8
X1 Cu 0 16 16
X2 Cu 1 2 3

. See text.

here were confined to exchange type aberrations,

such as dicentrics, and
The proportions of metaphases in their
second division in three analyzed were
and the differences, as
related . to the age
Generally, of the total number of cells
the proportion of
metaphases in their second division was slightly
than the with

chromosomes in second divisien.

rings, translocations,
inversions.
cases
different in each case,
described,

difference,

already may be

with abnomal chromosomes,

higher proportion of metaphases
their
These findings may be taken to indicate that the

cells with chromosome aberrations seem

normmal

to have
a capacity to proliferate in culture similar to that
of cells with a full complement of normal chromo-
Because of the small numbers of cells with
observed, however, this
interpretation must be viewed with caution. Figure 4
shows

somes.
abnormal chromosomes

metaphases including a dicentric or a
tricentric chromosome, in which only one chromatid
of the chromosomes was labeled, indicating these
cells their second or

were in subsequent in

vitro division.

Following the classification of Buckton and Pike,!
all abnormal cells were classified into two groups,
(Cu: containing dicentrics
stable cell (Cs:
inversions),

the unstable cell and

rings) and the containing trans-
locations and and the proportions of
these two types of cells in their second division
were compared (Table 9). The Cu cells were found
to be present in a slightly higher proportion at second
division than the Cs cells. Further, according to
Buckton and Pike,! Cu cells may be classified into
two subgroups, X{Cu cells which are in their first
division and X,Cu cells which are probably in their
second or later division after exposure to radiation.
The X Cu cells contain one ‘'nonidentical’’ acentric
fragment, whereas the X,Cu cells are either without
fragments or with “‘two equal-sized”
fragments. All cells defined as X {Cu in the 3-day
cultures were in fact found to be in their second or

acentric

subsequent divisions (Table 9), suggesting that the

fragments in those cells divided equally into
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daughter cells in culture. Out of three X,Cu cells,
one was in its first division in culwre, indicating
that this cell probably had already gone through at
least two cell divisions, the other in
vitro, while the two other cells in their second
division, suggesting that those cells passed through

once in vivo,

at least two cell divisions in vitro.
that

These findings
the cells with unstable type
could divide at the
initiation of culture and survive as well as the cells

suggest even

aberrations least once after
with nomal chromosome complement or those with

the stable type aberration.

DISCUSSION

it was found that the
cells in 2-day cultures of
leukocytes stimulated by PHA tended
with but was
correlated with other factors, such as sex, radiation

From the present results,
proportion of mitotic
peripheral
increasing age,

to decrease not

dose, and wvalues from several laboratory tests.
Pisciotta et al® reported that mitotic index and
percentage blast were
lower in elderly individuals than in younger subjects,

which the present

transformation frequently

findings with the results of

study agree.

The correlation between mitotic index and age was
supported by the results obtained from autoradio-
graphic study,
cells labeled with H3-thymidine in 3-day cultures
tended to decrease with increasing age. Recently,
Weksler and Hitteroth? similar
indicating that leukocytes from elderly individuals
incorporated significantly less H3-thymidine when
cultured with plant mitogens and allogeneic cells

in which the proportion of mononuclear

reported results

compared with leukocytes from young persons treated
the same way.
Furthermore, our laboratory demonstrated that the
proportion of cells in their second division in 3-day
cultures tended to decrease with
The lower percentage of second division cells in
3-day cultures from older individuals suggests that
the initiation of DNA synthesis might be delayed in
with younger individuals. However,
this possibility was ruled out by the results from
2-day cultures where approximately the same
percentage of labeled cells (metaphases and
mononuclear cells) was found in both the older and

increasing age.

compari son

younger groups. Since the frequency of labeled
metaphases in their first division in 3-day culwres
the

second

was almost identical in the two age groups,
difference in the
division between younger and older subjects may
not be due to the longer duration of the cell-cycle
of cells in culture from the older persons. Thus,

frequency of cells in
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it is conceivable that the higher frequency of the
second division cells in younger individuals might
be due to a greater number of cells having begun
DNA synthesis in the younger group compared to the
In other words, the older individuals
seem to have fewer cells that respond rapidly to
PHA and therefore seem to need a longer premitotic
stage than do the cells of the younger subjects
in vitro.

older group.

It has been reported that the frequency of the cells
with such radiation-induced chromosome aberrations
as dicentrics and rings decreases with increasing
The mechanism for this decrease is
presumed to be the inability of these aberrant cells
to survive multiple cell divisions.

culture time. !

However, this
has not been noted among Japanese fishermen exposed
to test bomb fallout and A-bomb survivors.10:11
From the present findings, it is conceivable that if
the subjects studied were older individuals, rapid
increase of the second division cells in the 3-day
culture might not be expected, because of the
probably prolonged duration of the premitotic stage.
Consequently, a decrease of cells with unstable
type chromosome aberrations would not necessarily
be evident with prolonged culture

time in. “the

older persons.

Generally, it is accepted that cells with unstable
type aberrations do not survive through the repeated
cell divisions. Our findings, demonstrate
that some of those cells are apparently able to
divide successfully
disturbance during cell division and survive in vitro

to the next cell division.

however,

without suffering mechanical
These results support
the observations made in 3-day cultures from the
exposed fishermen and A-bomb survivors, since both
normal and abnormal cells appear equally able to
divide the same
proportion of aberrant cells in 2- and 3-day cultures.

and survive in vitro yielding

If in vitro cultured cells with chromosome aberrations
are in the premitotic stage for a longer period than
chromosomally normal cells, one might assume that
the probability would be higher of finding aberrant
cells in 3-day than in 2-day cultures. this
seems unlikely, from our observations where almost
all aberrant cells found in 3-day cultures were in

However,

their second division, indicating that the premitotic
stage of both normal and aberrant cells was of

similar duration.

The mitotic effect of PHA is generally considered
to be a kind of immunological reaction, being either
a ubiquitous antigen or one capable of stimulating
a wide range of otherwise specific immunological
T2l Therefore, the decreased
activity of lymphocytes from older individuals may

clones. mitotic
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be a consequence of reduced immunological reactivity ik, PHAIZ T2 MO BEFHRICOWLPOFERT
of leukocytes to PHA. Recently, Weksler and HA L, BIF Weksler #K&1F Hitteroth 11, °

Hitteroth? reported that the percentage of thymus- i . e "
derived lymphocytes responding to foreign histo- ;ﬂﬁ@’)r‘ﬁﬁﬁfﬁﬁ'ﬁiﬁﬁIl.Efﬁ'ﬂ'éllfﬂ]HﬂH:iﬂtl:lﬁllﬂcmgﬁ}

compatibility antigens was identical in the blood of HimmEL LUBESOMBIIEVTEELETE - L
old and young subjects, and suggested that the rEELTHY, MiREKO MK B 5 MIaRETE

reduced reactivity of lymphocytes from older subjects D ISE - HE A HEE T O KA £ T, SIEC B

probably resulted from a deficiency of a cofactor

necessary for the expression of cellular immunity in AEMBOKIGICRBARLCECAEZLOTHA I ER
thymus-derived lymphocytes. They also mentioned ML, ARSiE, FAIMK thymosin i EE AT & 3t

that a low level of thymosin in the blood might be CEALTVWADT," SkE SIS thymosin fi

SR Y v o SERE O R LI R P NP (A
from old subjects, since the concentration of thymosin OETFIEY v BREIGOEE L MEF 2259 Lk

had been found to decline with age. 15 T 5,

related to the impaired reacrivity of lymphocytes
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