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SUMMARY

Using chromosome banding techniques, a pheno-
typically normal male was found to have an
abnormal banding pattern of the Y chromosome.
By the constitutive heterochromatin staining
method, a darkly stained band was located on the
short arm and the proximal region of the long arm.
The quinacrine staining method also showed a
similar abnormal banding pattern: a brightly
fluorescing band was seen on the short arm and
the proximal region of the long arm. By the
conventional Giemsa staining method, however, no
specific morphological abnormality was detected in
the aberrant Y chromosome. On detailed karyo-
type analyses no recognizable abnormality of band-
ing patterns of any other chromosome was found
aside from the abnormal Y chromosome. The
abnormality was determined to be a complex
inversion of the Y chromosome, which is described
as 46, X, inv (Y) (pter—pll::qll-ql2::cen::ql2—
qter).

INTRODUCTION

Structural aberrations of the Y chromosome, such
as isochromosomes,"?  dicentrics,>®  rings,®
translocations,”'® inversions,*¥!! and deletions!*™ !4
have been found in phenotypically abnormal and
normal males. Recently developed chromosome

banding techniques have made it possible to identify
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structural chromosome rearrangements with con-
siderable accuracy, even though those are un-
detectable by the conventional Giemsa staining
method.

The present paper deals with a male having an
inversion of the Y chromosome, which was un-
detectable by the conventional method, but was
discovered by banding techniques, the constitutive
heterochromatin (C-) and quinacrine (Q-) staining
methods.

CASE REPORT

The 65-year-old male (MF ) described here
is a member of the ABCC-JNIH Adult Health Study
sample'® comprising A-bomb survivors and non-
exposed controls residing in Hiroshima City. He
was born to a 29-year-old father and a 26-year-old
mother, and was the fourth of nine live-born
children. His father died at 56 years of age of
pneumonia, and his mother died at 66 years of age
of valvular endocarditis. Of his eight siblings, three
brothers died at 4, 40, and 58 years of age of
Japanese B encephalitis, from injuries received in an
accident, and of hepatoma, respectively, and a
sister also died at 8 months after birth from an
unknown cause. He married and had three
daughters, the second of whom died at 11 days
after birth, cause unknown. His medical history
was uneventful and is not related to the chromosome
finding described below. He was of average adult
height and weight for his age, and no physical or
phenotypic abnormality was observed on clinical
examination at- ABCC. He was not in Hiroshima
City at the time of the A-bomb in 1945.

METHODS

Chromosome preparations were made from whole
blood cultures by the routine air-dry method.'®
The C-staining study was carried out according to
the method of Sumner.!”  Slides were dipped in a
0.2 N hydrochloric acid solution for 1 hour at room
temperature, rinsed with deionized water, and
treated with a 5% barium hydroxide octahydrate
solution at 50 C for 25 minutes. After rinsing in
several changes of deionized water, the slides were
placed in 2 x SSC (0.3 M sodium chloride containing
0.03 M tri-sodium citrate) at 60 C for 1 hour, rinsed
with deionized water and stained for 2 hours with
Giemsa (2 ml to 60 ml of pH 6.8 phosphate buffer).

The Q-banding patterns in the chromosome were
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obtained by a slightly modified technique of
Caspersson et al.'®  Slides were kept in 0.005%
quinacrine mustard (Polyscience Inc., U.S.A.) in
Macllvaine’s citric acid phosphate buffer (pH 7.0)
overnight, rinsed, and mounted in buffer for obser-
vation with a Nikon fluorescence microscope, using
a BV excitor filter and Y51 and Wratten 2B
barrier filters.

RESULTS

By chromosome banding analyses using the C-stain-
ing method, an abnormal banding pattern was
detected in the Y chromosome, in 5 of the 10
mitoses observed (Figure 1). As previously reported
for cells of normal males,'” the C-band of the Y can
be seen only at the distal region of the long arm.
However, in the present case the C-band was located
at the short arm and the proximal region of the

FIGURE 1. A representative metaphase showing C-bands. Arrow
indicates the Y chromosome having an abnormal banding pattern.
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long arm of the Y. This abnormal banding pattern
was identical in five cells. In two cells the
abnormality was not recognized because of ambigu-
ous banding patterns, and the remaining three cells
had 45 chromosomes from which the Y was missing.

The Q-staining method also showed the abnormal
banding pattern in the Y chromosome, identical to
that observed by the C-staining method, in 39 of the
62 mitoses observed (Figure 2). A brightly fluoresc-
ing band was seen at the proximal region of the
long arm of the Y, in contrast to the normal Y
chromosome which is characterized by a brightly
fluorescing band at the distal region of the long
arm.'® Further, the short arm of the abnormal Y
also had an unusual brightly fluorescing band. On
detailed karyotype analyses, aside from the ab-
normal Y, no recognizable abnormality of banding
patterns of any other chromosome was found
(Figure 3). In the remaining 23 cells, the abnormal
Y chromosome was not observed; further, Y-
chromatin was demonstrated in only 58 of 100
mononuclear cells observed.

By chromosome analyses using the conventional
Giemsa staining method which had been carried out
biennially on this individual three times, between
1970 and 1974 (Table 1), no specific morphological
deviation from the normal male chromosome consti-
tution was detected in the diploid cells examined
(Figure 4a).

From the above findings, it is concluded that only
the Y chromosome is abnormal and that it most
likely represents an inversion of the Y, rather than a
reciprocal translocation between the Y and any one
of other chromosomes. Since the short arm of the
abnormal Y showed a brightly fluorescing band by
the Q-staining method, this abnormality seems to
be the result of a complex chromosomal rearrange-
ment, rather than a simple paracentric inversion of
the long arm of the Y. Two hypothetical origins are
conceivable: (1) If the inverted Y chromosome is
derived from a single rearrangement, three break
points are necessary (Two would occur at points
on both long and short arms probably almost at the
centromere, and another at a site about three-
quarters of the distance from the centromere into
the positive C- and Q-band of the long arm, Figure
5a); and (2) If the inverted Y is derived from two
consecutive rearrangements, a paracentric inversion
followed by a subsequent pericentric inversion would
result in an inverted Y chromosome found in the
present form, or the two events could occur in
reverse order (Figure 5b). According to the
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FIGURE 2. Twelve representative Y chromosomes. a: Chromosomes

obtained by conventional method. b: C-banded chromosomes. c:
Q-banded chromosomes.

M2, REME YREKIZM., a: BHOFEICIZEMEK b CHfeEIl L 586 k.
c: QAr#eikiz kB ietatk,

FIGURE 3. Karyotype of a metaphase stained by Q-method. Arrow
indicates the abnormal Y chromosome.
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FIGURE 4. Metaphases obtained by conventional method.

a: 46

chromosomes having the Y chromosome without any morphological
abnormality (arrow). b: 45 chromosomes missing the Y chromosome.

4., WO FiEz L5 5 Hgp Mm@,
(%ED). b: fe(a (k45 T,

nomenclature of the Paris Conference (1971),'°
this inverted chromosome is designated as 46, X,
inv(Y) (pter+ pll::ql1 +ql2::cen::ql2 » qter).

It is remarkable that a rather high frequency of
aneuploid cells was found in the present case
(Table 1). On detailed analysis of the aneuploid
cells, it was apparent that the absence of the Y
chromosome accounted for the majority of these
cells (Figure 4b). This phenomenon was observed
in the three samples obtained at 2-year intervals,
and the frequency of Y-minus cells tended to
increase with increasing age (Table 1). It was also
noteworthy that in the third biennial sample a few
cells had a Y chromosome with an acentric-like
appearance (Figure 2).
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NORMAL INVERSION
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FIGURE 5. Diagramatic representation of the banding patterns of
normal and inverted Y chromosome numbered according to the Paris
Conference (1971). a: Inverted chromosome derived from three break
points; two are at both long and short arms immediately proximal to
the centromere, and another is three-quaters of the distance along the
long arm into the positive C- and Q-band. b: Inverted chromosome
derived from double inversions, first a paracentric inversion, followed
by a pericentric inversion, or vice versa.
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TABLE 1 CHROMOSOME NUMBER DISTRIBUTION AND FREQUENCY OF MISSING AND ADDITIONAL CHROMOSOMES

IN ANEUPLOID CELLS IN CULTURED LEUKOCYTES FROM THE INDIVIDUAL UNDER STUDY

#1 HEAMRICET S REFRSOTHE L CREEMINIC 5115 8@ (R KT E 2 1385 o5 R
Date Sampled Age Chrom. No. of Chromosome Groups
(years) No. Cells
B @ D 16 17 18 F G Y
6 Feb. 70 61 45 13% = 1 2 = 5 = - 1 7
46 82
47 4 - 3 - - - L - -
4n 1
Total 100
14 Jan, 72 63 45 19 - - 2 - - - 3 14
46 80
47 1 - - 1 - g = . R
Total 100
19 Feb. 74 65 44 %) - - 2 - - z 1 1 2
45 26 - 1 - - - 1 2 22
46 68
47 2 - - - -
48 1 - - - - - -
Total 100

*One cell having a dicentric chromosome with two identical fragments.

DISCUSSION

Structural abnormalities of the human Y chromo-
some have been reported in a certain number of
instances of aberrant sexual or gonadal differentia-
tion: isochromosomes of the long arm,"? dicentrics
of the long arm®”® and of the short arm,*® rings,”®
deletions,'™* translocations,”'® and inversions.®!!

The Y chromosome inversion was also found in
normal relatives of those with physical abnormali-
ties,'"?® and recent familial and population
sur\f'eyszo_z‘1 show that many phenotypically
normal individuals have the Y inversion. It is now
accepted that these Y inversions are neither cor-
related with phenotypical abnormality, an increased
risk of physical disorders, nor with risk of having
children with aneuploid chromosome aberrations.?
The present case with a new type of Y inversion
showed no apparent phenotypical abnormality, and
it seems likely that there is no measurable effect
ascribable to the presence of the inverted Y
chromosome.

The recently achieved precision in chromosome
banding patterns can now detect structural re-
arrangements which are not visible by the con-
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ventional Giemsa staining method; those include
paracentric inversions, pericentric inversions where
the break points are equidistant from the centro-
mere, and reciprocal translocations where the
exchanged segments are of approximately equal
size. Recently, a paracentric inversion of a
chromosome 7, detected only by the chromosome
banding techniques, was found in this laboratory.?
The Y chromosome inversion described here is a
similar abnormality in that the conventional Giemsa
staining method showed no morphological deviation
of the Y chromosome compared with normal male
cells, and only the chromosome banding techniques
were able to detect the unusual reversed banding
pattern on the Y.

The inverted Y chromosomes in all heretofore
reported cases">!2°25  were characterized by
metacentric morphology as a result of a pericentric
inversion occurring between the long arm and the
short arm. In the inverted Y chromosome studied
here, since the short arm showed a positive band by
the C- and Q-method, a more complex chromosomal
rearrangement than a simple pericentric or para-
centric inversion must be invoked to explain its
origin. As described above, there are at least two
alternative mechanisms that could produce the
complex inversion: one is a complex exchange
accompanied by three break points occurring
simultaneously, and the other is a double inversion,
both a pericentric and a paracentric exchange.

A third possible mechanism for the formation of
the abnormal Y is as follows: If the positive C- and
Q-band in the short arm is produced as an
incidental or secondary or ‘“‘position’ effect of a
structural rearrangement in the long arm, as has
been described for certain rearrangements in
Drosophila melanogaster,®” then this abnormal Y
chromosome could be a simple paracentric inversion
of the long arm. However, alteration of the banding
pattern of the Y chromosome has not yet been
observed in other reports of pericentric inversions
of the Y25 nor in cases of translocation between
the Y and an autosome.®!® Therefore, it is less
likely that this inverted Y is a simple paracentric
inversion of the long arm.

Since family studies have not yet been performed,
there is no evidence to indicate whether the inverted
chromosome was inherited from the proband’s
father or was produced in a paternal gamete during
meiosis.

It is interesting that in the present case, cells with 45
chromosomes which were characterized by the
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absence of the Y chromosome were observed
frequently, and that the frequency of those cells
tended to increase with increasing age. This
finding may be correlated with the fact that the Y
chromosome in several cells showed an appearance
identical to acentric fragments (i.e., the function of
their centromere might have been lowered so as to
produce the Y-minus cells in subsequent cell
divisions).

Studies of peripheral leukocytes and bone marrow
cells have indicated that the increasing hypodiploidy
observed in males of advanced age was due to loss
of the Y chromosome.?®®! Higher frequency of
the Y-minus cell observed in the present case thus
seemed to be an aging phenomenon. However, the
significance of the marked hypodiploidy in the
peripheral blood and bone marrow of the aging
male is not known.

MpaALIELIERS N, ZoMoMBnME Eiie L b
CHSINA AEAA S - 2 BT EKRFEY. ORI,
FE O MG v T Y BeE i A I B (R 02 fBL 2z SRR
PRELAZELMEASPBLAZV. Thbh3, Th
SOMEROEBREAETLTwEADIL, TOEROMI
SFEOBTETYREEORMLZMEAFAEELLZOTHS
PHLNEV,

FAEIMY > B & U BRIz W TORFR T, S
MBI 1 A 2tk e B, Y e ko KA
CRELTVWALADLNTVS. B3 SEOFICY RE
R MM CR N, NMKHEED
FOTHAS. LL, WEMBEORMI S & Ui
CRONFEEEOME2EHEMEOEREANTSS

REFERENCES
£k
1. JACOBS PA, ROSS A: Structural abnormalities of the Y chromosome in man. Nature 210:352-4, 1966.
7 FERGUSON-SMITH MA, BOYD E, FERGUSON-SMITH ME, PRITCHARD JG, YUSUF AFM, GRAY B: Iso-
chromosome for long arm of Y chromosome in patient with Turner’s syndrome and sex chromosome mosaicism
(45, X/46, XYqi). J Med Genet 6:422-5, 1969
3. MCILREE ME, PRICE WH, COURT BROWN WM, TULLOCH WS, NEWSAM JE, MACLEAN N: Chromosome
studies on testicular cells from 50 subfertile men. Lancet 2:69-71, 1966
4. ANGELL R, GIANNELLI F, POLANI PE: Three dicentric Y chromosomes. Ann Hum Genet 34:39-50, 1970
5. ARMENDARES S, BUENTELLO L, SALAMANCA F, CANTU-GARZA J-M: A dicentric Y chromosome without
evidence of sex chromosomal mosaicism, 46, XYqdic, in a patient with features of Turner’s syndrome. J Med Genet
9:96-100, 1972
6. SIEBERS JW, VOGEL W, HEPP H, BOLZE H, DITTRICH A: Structural aberrations of the Y chromosomie and the
corresponding phenotype. Report of a case with the karyotype 45,X/46,X,i(Yp). Humangenetik 19:57-66, 1973
7.  CHANDLEY AC, EDMOND P: Meiotic studies on a subfertile patient with a ring Y chromosome. Cytogenetics 10:
295-304, 1971
8. RUTHNER U, GOLOBE: 45,X/45,X,ace(?Yp)+/46,X,r(Y)in a phenotypically normal newborn male. Humangenetik
22:177-80, 1974
9. NOELB, EMERIT I, LUCIANI JM, QUACK B: A familial Y fautosome translocation in man. Clin Genet 2:1-6, 1971
10. KRMPOTIC E, SZEGO K, MODESTAS R, MOLABOLA GB: Localization of male determining factor on short arm
of Y chromosome. Case report of a baby with 46,X,t(Yp+;14g-). Clin Genet 3:381-7, 1972
11. SOLOMON IL, HAMM CW, GREEN OC: Chromosome studies on testicular tissue cultures and blood leukocytes of

a male previously reported to have no Y chromosome. N Engl J Med 271:586-92, 1964

10



14.

15.

16.

17

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

31.

CONEN PE, BAILEY ID, ALLEMANG WH, THOMPSON DW, EZRIN C: A probable partial deletion of the Y
chromosome in an intersex patient. Lancet 2:294-5, 1961

LANGMAID H, LAURENCE KM: Deletion of the long arms of the Y chromosome with normal male development
and intelligence. ] Med Genet 11:208-11, 1974

BENGTSSON B, GUSTAVSON K-H, REUTERSKIOLD G, SANTESSON B, AHNSEN §: Male pseudohermaph-
roditism with 45X/46 XYq- mosaicism in a pair of monozygotic twins. Clin Genet 5:133-43, 1974

BEEBE GW, USAGAWA M: The major ABCC samples. ABCC TR 12-68

HUNGERFORD DA: Leukocytes cultured from small inocula of whole blood and the preparation of metaphase
chromosomes by treatment with hypotonic KCI. Stain Technol 40:333-8, 1965

SUMNER AT: A simple technique for demonstrating centromeric heterochromatin. Exp Cell Res 75:304-6, 1972

CASPERSSON T, LOMAKKA G, ZECH L: The 24 fluorescence patterns of the human metaphase chromosomes-
distinguishing characters and variability. Hereditas 67:89-102, 1971

PARIS CONFERENCE(1971): Standardization in human cytogenetics. Cytogenetics 11:312-62, 1972
JACOBS PA: Structural abnormalities of the sex chromosomes. Br Med Bull 25:94-8, 1969

WALZER S, BREAU G, GERALD PS: A chromosome survey of 2,400 normal newborn infants. J Pediatr 74:438-
48,1969

SPARKES RS, MULLER HM, VEOMETT IC: Inherited pericentric inversion of a human Y chromosome in
trisomic Down’s syndrome. J Med Genet 7:59-62, 1970

GRACE HJ, ALLY FE, PARUK MA: 46,X,inv(Yp+q-) in four generations of an Indian family. J Med Genet 9:293-
7,1972

FRIEDRICH U, NIELSEN J: Chromosome studies in 5,049 consecutive newborn children. Clin Genet 4:333-43, 1973
ZEUTHEN E, NIELSEN I: Pericentric Y inversion in the general population. Humangenetik 19:265-70, 1973
SHIMBA H, OHTAKI K, TANABE K, SOFUNI T: Paracentric inversion of a human chromosome 7. ABCC TR 5-75

ZUFFARDI O, TIEPOLO L, DOLFINI S, BARIGOZZI C, FRACCARO M: Changes in the fluorescence patterns of
translocated Y chromosome segments in Drosophila melanogaster. Chromosoma 34:274-80, 1971

JACOBS PA, BRUNTON M, COURT BROWN WM, DOLL R, GOLDSTEIN H: Change of human chromosome
count distributions with age: Evidence for a sex difference. Nature 197:1080-1, 1963

HAMERTON JL, TAYLOR Al, ANGELL R, MCGUIRE VM: Chromosome investigations of a small isolated
human population: Chromosome abnormalities and distribution of chromosome counts according to age and sex
among the population of Tristan da Cunha. Nature 206:1232-4, 1965

ROWLEY JD: Loss of the Y chromosome in myelodysplasia: A report of three cases studied with Quinacrine
fluorescence. Br ] Haematol 21:717-28, 1971

PIERRE RV, HOAGLAND HC: Age-associated aneuploidy: Loss of Y chromosome from human bone marrow cells
with aging. Cancer 30:889-94, 1972

ACKNOWLEDGMENT
I

We are indebted to Dr. Howard B. Hamilton, Department of Clinical Laboratories, for
his advice in preparation of this report. We also thank the late Mr. Sadamaru Ichiyama
for his photographic assistance.

RGO EW Iz Y 2o T E 2 H ¢ 5 NAEK ML E Dr. Howard B. Hamilton S OF12 %5750
fERIcHFS s gmLEALRICH L TEHOELHRT 5,

11



