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A BUCCAL SMEAR SURVEY FOR SEX CHROMATIN ABERRATION
IN HIROSHIMA HIGH SCHOOL STUDENTS
LEBEmAd -SREEOCOEREHEZHEREIL LS

MLAEHERREERIC

INTRODUCTION

Congenital errors in human sex development have been
extensively studied by means of ‘sex chromatin’ analysis, '’
since Barr® described the sex differentiating body in the
female cat neuron in 1949, Sex chromatin aberrations

were clinically and epidemiologically observed in associ-

ation with various chromosome abnormalities such as
X0, XXX, XXXX, XXXXX, XXY, XXXY, XXXXY,
XXYY, XXXYY and variations of these syndromes
in mosaics.”

Most of the reports concerning sex chromatin aberrations
in the literature to date have been based on studies of
patients in institutions, particularly newborn babies and
mental defectives.” The purpose of the present study is
to report a sex chromatin survey on a large group of
noninstitutionalized individuals from a population of
apparently healthy high school students at Hiroshima,
Japan and to report some unusual clinical features in the
three detected cases of Klinefelter’s syndrome.

MATERIALS AND METHODS

During the period April-May 1963, by a joint effort of
the Atomic Bomb Casualty Commission (ABCC) and the
Hiroshima City Dental Association, buccal smears for
Barr-body analysis were obtained on 8192 students who
were scheduled for dental screening examinations at two
junior and five senior high schools in Hiroshima.
Subsequent studies including repeat buccal smear analysis,
physical examination and chromosomal analysis were
conducted on selected cases at ABCC during 1964-65.

During the scheduled dental screening examination,
technicians obtained material from each student by
scraping the buccal mucosa with a wood tongue blade.
The material was transferred to numbered slides and
fixed immediately in 95% alcohol. Smears from 500-
1000 students were handled daily in this manner.
Distribution of the overall sample by sex and date of
birth which included 4798 male and 3394 female students
aged between 15-17 years is shown in Table 1.
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Groups of 120 slides were simultaneously stained by the
thionine method of Klinger and Ludwig!'® within 48 hours
after collection. Metal slide racks were used which
allowed facile celloidin-coating and deacidification. The
pH of the thionine solution was maintained at 5.7 +0.2.
The degree of staining was controlled visually. Usually
it was necessary to destain with serial alcohol dilutions
until an azure color was grossly visible on the slides.

The slides were read by nine medical students from
Hiroshima Medical School and two ABCC laboratory
technicians. Rechecks were made for 1303 of the
8192 slides by another lahoratory technician and authors
with experience in the technique. The readers were not
aware of the sex of the individual.

CIREAGRR AR ABEF R LIz, A5 4 F 1208+ > %2 [FH
B2 Klinger-Ludwig [ 4 #4 = v e a0 |z kv i
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S0Il, TREOATA FREMFRLE. 44 =3
BEWMOpHIZ 57 £ 0.2 1ZHR L @OBREZART
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TABLE | SUBJECTS BY SEX AND DATE OF BIRTH
#1 WRFoMs L CEER BB S

Date of Birth Male Female Total
A H 5 k'S it

-March 1946 451 451 902

April 1946-March 1947 1571 1011 2582
April 1947-March 1948 1732 1150 2882
April 1948 1031 776 1807
Unknown A~ 13 6 19
Total &t 4798 3394 8192

Only the classical marginal sex chromatin bodies were
read in order to avoid confusion with other morphological
varieties'' and to allow reading of many slides in a
relatively short time. The typical Barr body was defined
as attached to the nuclear membrane, deep blue in color
and sharply contrasted against the lightly-colored particu-
late chromatin of the vesicular nucleus. All pyknotic,
prepyknotic, or folded nuclei were not counted bhecause
of indefinite contrast against the nuclear structure. In
well prepared slides the Barr body was readily apparent
by quick scanning under high dry magnification.

For each slide, the nuclei containing typical Barr bodies
were noted and expressed as percentage per 100 nuclei
counted. All females with Barr body readings of less
than 10% and all males with readings of more than 3%
were considered abnormal.
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RESULTS

Of the 8192 buccal smears taken, approximately 13%(1051)
were lost to the study because of unsatisfactory staining,
breakage, or actual loss. Thus, preparations from
7141 students (4481 males, 2660 females) were deemed
acceptable.

From this first screening, 26 preparations were in-
terpreted as abnormal. Some of these putatively abnormal
slides were difficult to interpret because of poor staining,
and, in any case, further detailed confirmation was
required on the others. Repeat buccal smear preparations
were later obtained for 21 of these 26 students. At
least five buccal smears were obtained from each student
on this subsequent screening, while only one buccal
smear per case was available in the initial screening.
The remaining five were not obtained because of refusal
to cooperate (one male and three females) and death due
to malignant neoplasm of the spine (one female).

In the repeat buccal smear examinations, all 16 females
had over 13% sex chromatin, although their Barr body
readings had varied from 0% to 9% in the initial screening.
On the other hand, two reexamined males had 1% sex
chromatin, showing no appreciable difference from 4%
sex chromatin observed in the initial screening. Thus,
reexamination ruled out 18 of the suspected 21 students,
their buccal smear analyses being unequivocally normal.
Independently performed physical examinations were
also within normal limits.

The remaining three students, all males, were found to
have abnormal sex chromatin bodies in excess of 10% in
both the initial and repeated preparations. However, a
chromatin negative or a case with more than one chromatin
hody was not detected in 2660 female students(Table 2).
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TABLE 2 SMEARS BY PERCENTAGE OF BARR BODIES IN 100 CELLS
%92 RKEAOMNE 100 ML 0 0 Barr (5 555 A

Percentage of Barr Bodies

Satisfactory  Unsatisfactory or

Sex B DESHE Slides Not Identified Slides Total
e ol a5 ATA K FRLELUFHO R
0-3 4.9 10- 234 K
Male % 4478 0 3 4481 317 4798
Female % 0 0 2660 2660 734 3394

i
Cytogenetic analysis revealed in each of these three

students 47/XXY karyotype. None of the three revealed
complex combinations of X and Y or varied mosaics(Table 3
and Figure 1). Brief reports of these three cases of
Klinefelter's syndrome follow:

M E ALY, I3 ENEEIEIFOFD
47/ XXY R EETAZEMHEMLAE, 3E03 5 1H
LXBLUYOHMLEHASDEHIVEENS 70K
BLEM b Nhh o2 (F3 HLUEL ). Klinefelter i
BELETAIRL 3HIIZOVWTOM Y 28 &L KIZET.



TABLE 3 CHROMOSOMAL ANALYSIS OF BLOOD AND BUCCAL SMEAR SEX CHROMATIN

F#3 OMWE L CUEREESER L 2 REE0REERE
Chromosome Number #: {4 ¥
Case Unk C d K B Mm];gi:ilal
nknown Counte t i
Cells #1f2 %

1 0 0 0 43 7 50 XXY 16

2 0 0 1 44 5 50 XXY 29

3 0 0 2 47 0 50 XXY 13

Case 1 AY A l16-year-old Japanese male without Bl AL Y. BIBEDHAARFT, KAEOEH

mental retardation. His height was 163.6 cm and he
weighed 62.2kg. He was obese and short-necked with
sparse axillary hair and long extremities. Typical
features of Klinefelter’s syndrome included gynecomastia,
small testes and minimal eunuchoidism (Figure 2a).
Sexual relation has not been experienced. Sixteen sex
chromatin bodies were counted in 100 nuclei. Urinary
17-ketosteroid excretion was 5.7mg in 24 hours-
controls, 7.5-18.5 mg/day. The follicular stimulating
hormone (FSH) level was negative at both the 5 and

80 mouse unit level, and below the control range (positive
at 5, negative at the 80 mouse unit level)( MF]|

Case 2 AN A 17-year-old Japanese male of normal
intelligence. His height was 172 cm and weight 51 kg.
He looked quite normal except for being thin and
somewhat tall with a long neck and sparse axillary
hair. Both testes were questionably minimally small
but were not firm (Figure 2b). Sexual relation has not
been experienced. A roentgenogram revealed the
middle phalanx of the left fifth digit to be short.
The

patient did not return for urinary 17-ketosteroid and

Fsh studies (17 [

Buccal smears demonstrated 29% sex chromatin.

Case 3 SH A 16-year-old Japanese male without any
mental defect. His height was 167.6 cm and weight
53kg. Sexual relation has not been experienced.
Physical findings were identical to Case 2 without
clinical features of Klinefelter’s syndrome. The middle
phalanx of the left fifth digit was short by roentgeno-
gram. Barr bodies were found in 13% of the cells in
the buccal smears. The urinary 17-ketosteroid excretion
was 7.1mg in 24 hours. FSH was positive at 5 mouse
units and negative at 80 mouse units (MF' .

IFEB LRy, S 1636 em, HE62. 2kg. IO L
THEIVEFEL BT E UKIEEY., R
LB, |AEHS I UEEONEE W ESO MR
Klinefelter fEfRE A 0w/ (02 a ). MEAS IZKEEX
ST waw, 100 [ 120 & 161 o e @ 5 AT
W, AREHEPL7TYr FAFOS FIE5. TmgTho7-
(EHMWE18Y72-0 7.5 —18.5mg). S0Nafil -k
EV(FSH)IES5 vy AN LUy A D
WFhiIBEW T, EXBRBEMTTH - -
(IEHEIZ 5 =7 A WA T, 80w A BT ki)
=3 B

fl2 A. N. 17O BHAASF CHAE L EF.
HE172cm, FHESlkg. WETLLEI WL EHE

$, MEFFOZ EE2BTIE, 8<EFDLIICH
A4, miflloBHizbTMchEnL3zEbbhr

AE a2 (H2b). BEEEREA TV E
v, XEREOHERE, EFBESHoTHEIFELV
ZEHFBw LN, OBEMMEEREERTEOKR29%0
B 2R a. BHEIEPLTY A7 04 K
Tr LUl L e MESESE LA (KE 4

513 S. Hoxle#Eo HAAB T T, HMHEEM KL
Zuw, B 167.6em, (AHES3kg. EE A ABENT
Vg, BEERT RIEH 2 L6 U Klinefelter fiE i
HOBEMNBRIIAD L 7. XEBRETHES
ESIEOhEEAE G E D 2. DS
MEOKRE, 13%0HA8I Barr 278D 5 17,
AREMIEh A P AT O Fiz7.1mgTh - 2. iR
RISV E (26 = ABA T, 80w A BT
TEETH - - (EEEHES
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Figure 1 Karyotype of Chromosome in Case 2. Case 1 dnd Case 3 had similar karyotypes.
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Although it has been reported that Klinefelter’s syndrome
is often associated with mental retarq:laticm,12 interviews
with these students and their teachers as well as
examination of their scholastic records established that
none of the three were mentally retarded.

A recent reports described reduction in body hair,
axillary hair and pubic hair among 9 out of 10 males
with XXYY l':aryotg.'pes.13 Similarly in each of the
three XXY cases reported here, reduction in growth of
axillary hair was observed. This would indicate the
advisability of paying greater attention to hair growth in
the clinical detection of Klinefelter's syndrome.

Klinefelter AEMRTEIE LIE LISMBEEN S ME L Twa 2

LAMGEEIATVA N, ZhbDEESCAERAMED

s L UEBHOATEL LI2ED 3 A0V FhIZEH
EDBEMDO LW EANFEE L

BEOWE T XXYY LB+ 5B FUOAPIAETI,
*HE, BESLURBORPHFEDSALD 2128
LLASACLRABIIHES D EL . 2D &I,
Klinefelter fEMRE # ERAEMICER T E, ZoEHRLC
Lo tERELS T EIVOTREVALVWIZLER
BTA2350TH5S.



CASE iEfA 2

Figure 2 Note the difference between Case 1 with gynecomastia, eunuchoidism and female stature, and Case 2 without
apparent physical abnormalities.
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It is interesting that Cases 2 and 3 had minimally small
and soft testes, a finding contrary to the usual finding in
Klinefelter’s syndrome of small and firm testes with
aspermatogenesis attributed to seminiferous tubular hya-
Recently histologic evidences of active
spermatogenesis coexistent with aspermatogenesis in the

i e 4
linization.

testes have been observed in chromatin-positive Klinefelter’s
syndrome with chromosomal mosaicism of 46/XY, 48/XXXY
and 46/XY, 47/XXY and with a pure karyotype of
47/XXY."® If these areas of spermatogenesis were
large, the testes might well be of subnormal size.
Unfortunately, in Case 2 and Case 3 whose testes were
soft and minimally small, testicular biopsies were not
available to give a positive support to this hypothesis.
Repeat hormone assays were not made for confirming
the high urinary gonadotropine reported in Klinefelter’s
syndrome by Giorgi.'

It is noteworthy that all three mothers were less than
30 years of age at the time of gestation —Case 1: Father 38,
Mother 29. Case 2: Father 41, Mother 28, and Case 3:
Father 29, Mother 23. This is contradictory to the
reports of Penrose!’ and Takai et al'® in which the
paternal ages were over 40 and maternal ages over
34 years, suggesting a possible relationship of older
parental age with nondysjunction of a sex chromosome
in Klinefelter's syndrome.

DISCUSSION

The prevalence rate of chromatin negative female (XO) is
only 0.03% in newborn females, in combining the figures

of three surveys by Maclean et al,' Moore,” and Bergemann?

Maclean et al' described four abnormal females (XXX)
with two sex chromatin bodies in 3000 females. Less
than 20% of Turner’s syndrome are chromatin positive.'""*"
Neither of these syndromes was detected in the present
survey.

On the other hand, the majority of Klinefelter’s syndrome
is chromatin positive and is rarely reported as negative.”
The latter case probably represents deranged sex differ-
entiation during embryonal development.% The source
of most of the information on sex chromatin-positive

males comes from patients in institutions for the mentally

retarded. The reported prevalence rate has varied from
0.4%" to 2.4%.° 1In juvenile delinquents, 0.15% has
been reported.® In newhorn males the prevalence rate
is about 0.3%! which is similar to the 0.2% among
males not in institutions.”

Klinefelter fEMREH CIXEHBAI /DX oM ¢, MK
BEOBFEIcE3MTFERTEI VO LNEHF,Y 2 h
CRLTH 2 SEURI3IcH TR DThIzA L
POBLEDTHh- AT ERBERECHETASS, 2z
IR & TR R AT ETE LT w3 & 5 HLgg i
RA, fikd6,7 XY, 48, XXXY, L U467 XY, 477
XXY i1 7 5 £ U, #0047/ XXY 0% R
L, MiTEROBESIFECEE, Bhokz 3 133(1F
EHIZIEVWEDOTHD Iz Lt w. H2 Lt
F3TEBBAAFKLE 2 HTFIChEsn. ZORME L
T A0 BIEMFTCELL o RORRBRETH S 1.
Giorgi " 12 k1 id, Klinefelter SEMERFIZH VIR
T+ FrOEYHITFHVY, ChEERT2H5VEVE
BELSITAILETE L,

3ANDOHMBOEIER O FMA0ELL T ThH - 22 & i3iE
Hizfi+ 2., +4bb, #1TEUHR38EK, BH29E,
il 2 TIESCH4A1EE, BRAR28E, 7l 3 T2, 8
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FElG AL EThHo 0T, Klinefelter FEMREEIZ &1
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FETA.
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The prevalence rates of Klinefelter’s syndrome and
Turner’s syndrome in Japan are reported to be similar to
those in Western countries.”’  The prevalence rates of
0.07% of chromatin-positive male students and 0% of
chromatin-negative females detected in the present
survey (male 3/4481; female 0/2660) are far lower than
those reported elsewhere. This may be a reflection of
many factors, such as small sample size, bias of undetected
abnormal cases because of unsatisfactory and unavailable
smears, undetected chromatin aberrations due to false
readings, and possible exclusion of chromatin abnormal
individuals from the sample because of the selectivity
and competitiveness of secondary education in Japan.
Schooling after ninth grade is not compulsory and
entrance examinations permit only the brighter and
healthy students to attend, although the strictness of
selection varies greatly at different schools. Thus, the
low prevalence rate of Klinefelter's syndrome in males
in this survey is probably ascribable to the exclusion
from high school of some individuals with this syndrome
who have low intelligence quotients.

However, exclusion of females from admittance for
similar reasons is less likely. Female XO individuals
tend to be of normal intelligence and usually do attain
high school status, although this would not apply for
XXX females who usually display mental retardation.”
The failure to demonstrate less than 10% Barr bodies
in any female student in this survey is probably related
to errors in the initial screening.

One of the three abnormal males in this survey had
typical features of Klinefelter's syndrome, but the other
two males had so few physical findings that they would
not have been clinically detected without sex chromatin
or sex chromosome studies. Paulsen et al,” in a mass
sex chromatin study on noninstitutionalized males, detected
a case with normal physical findings except for atrophy of
the right testis due to mumps orchitis. To derive a more
precise estimate of the prevalence of congenital error in
sex development in noninstitutionalized subjects, it would
be worthwhile to combine sex chromatin analysis with
physical examination. If sex chromatin tests were confined
to only clinically abnormal subjects, there would be a
greater probability of missing abnormal cases of sex
development without apparent physical abnormalities.

None of these three reported propositi were conceived by
parents exposed to the atomic bomb at Hiroshima, Japan
in 1945. Since the present sample is not a representative
population of Hiroshima, these data neither support nor
deny the possibility of chromosomal sex abnormalities in
the offspring of exposed parents.
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SUMMARY

A total of 8192 buccal smears were obtained in a group
of Hiroshima children from five senior and two junior
high schools and processed for sex chromatin analysis.
Of 4481 males examined, three were found to be chromatin
positive and were confirmed as Klinefelter’s syndrome by
clinical and chromosomal examination. None of 2660
females examined was detected as chromatin negative.

Two of these three males would not have been clinically
detected because of their normal mental status and
minor physical abnormalities, such as reduction in
axillary hair, had a sex chromatin study not be conducted.

None of the three chromatin positive males was conceived
by parents exposed to the A-bomb in 1945,
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