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Two sex chromatin positive phenotypic 
males were found to have 46, XX karyotypes. 
Both had small testes and elevated gonado
tropins with low testosterone levels. Semen 
analysis could not be obtained but one man 
claimed to have a daughter. 

In one patient, mosaicism was suggested by 
the finding in a single cell of a chromosome 
morphologically resembling aY. A second cell 
line was not found in the other patient. 

Possible explanations for the development 
of a male phenotype in the absence of de
monstrable Y chromosome include the exist
ence of two cell lines or mosaicism, an au
tosomal sex determining gene and the trans
location of a fragment of the Y chromosome 
to another chromosome. 

It is possible that more than a single etiologi
cal mechanism accounts for the occurrence of 
this syndrome. 

•Division of Endocrinology 

•'Cytogenetics Laboratory and Department 
of Pediatrics 

Address reprint requests to Dr. Rubio at Henry 
Ford Hospital, 2799 West Grand Boulevard, 
Detroit, Ml 48202. 

THE pr imordia l eonad of the human 
e m b r y o i d e n t i f i a b l e by t h e f i f t h to 
seventh week of gestation is morpholog
ically similar in both males and females. 
Further development of the medullary 
por t ion forms a testicle whereas an ovary 
results f rom dominant development of 
the cor t ica l p o r t i o n . Norma l l y these 
changes are genetically determined by 
an XX or XY sex chromosome const i tu
t ion . Abnormali t ies of the sex chromo
somes are known to be associated wi th 
var ious types of gonadal dysgenesis; 
Turner's and Klinefelter's syndromes are 
examples. 

Animal experiments and observations 
in patients wi th various sex chromosome 
abnormalit ies have led to the hypothesis 
that the genetic determinants required 
for the development of testicular struc
tures reside near the centromere or in the 
short arm o f t h e Y chromosome. The sub
sequent development of male primary 
sexual characteristics or male phenotype 
depends on the effect of fetal testicular 
secretions. 

Nearly 50 cases of phenotypic males 
w i th 46, XX karyotypes have been re
ported in the wor ld literature since the 
original report of 1964.^ We are present
ing two addit ional cases, their cytogenet
ic studies, and a review of pert inent re
cent l i terature. 
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Figure 1 

The karyotype of Patient One — 46, XX a normal female karyotype. 

Case Reports 

Case # 1 : This man was first seen at the age 
of 37 with the complaint of infertility during 
nine years of marriage. Semen analysis else
where was said to have shown "few weak 
sperms". His potency was normal but libido 
had declined. He denied ethanol intake, vis
ual difficulties or myotonia. There was no 
family history of hypogonadism. At the time 
of the patient's birth his father was 40 years 
old and his mother was 32. He was a short, 
normally proportioned Caucasian male, 66" 
tall, slightly obese, with male pattern scalp 
baldness and masculine body hair distribu
tion. He had no gynecomastia. The penis was 
5 cm long and the normally rugated scrotum 
contained two soft small testes measuring 2 x 
1.5 cm. The prostate gland was abnormally 
small. Routine laboratory studies were nor
mal. BMR was -25%, cholestrol 193 mg% and 
skull roentgenogram was normal. Twenty-
four hour urinary 17 ketosteroid level was 9.5 
mg, while urine gonadotropins were elevated 
above 128 muu (Mouse Uterine Units) with a 
urinary creatinine of 898 mg. 

Treatment with testosterone and dessicated 
thyroid produced improvement in vitality and 
sexual performance. No additional medical 
treatment was required for 14 years but in 1970 
a breast lipoma was removed. At that time 
buccal smearwas reported to have 20% of cells 
positive for nuclear chromatin. Because the 
somatic features were not characteristic of 
Klinefelter's syndrome, cytogenetic studies 
were undertaken. 

Case #2: This man, a 43-year-old Negro 
male, was hospitalized during an acute bout 
of recurrent pancreatitis related to ethanol 
ingestion. An incidental finding was bilateral 
soft, small testes. His height was 68.5", weight 
141 lbs. He had extensive male pattern bald
ness with male distribution of pubic and axil
lary hair. No cataracts, gynecomastia, 
hepatomegaly or splenomegaly were de
tected. The penis was normal and the testicles 
each measured 2.5 x 1 cm. Prostate was small 
and flat. Both fourth metacarpals were ab
normally short and there was a simian crease 
in the right palm. 
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Figure 2 
The karyotype of Patient Two — 46, XX a normal female karyotype. 

His first marriage, of oneyear 's durat ion, had 
been infert i le, wh i le the current wi fe had be
come pregnant after 15 years of marriage and 
gave b i r th to a healthy female ch i ld . The pa
t ient denied impotence. At the t ime of the 
patient's b i r th his father was 24 years o ld and 
his mother was 18. 

Complete b lood count was normal except 
for leukocytosis w i t h a left shift. Urinalysis, 
serum electrolytes, p ro th romb in t ime, BUN, 
SGOT, a lka l ine phosphatase and b i l i r ub in 
w e r e n o r m a l . E levated s e r u m and u r i n e 
amylase were consistent w i th the diagnosis of 
acu te p a n c r e a t i t i s . Se rum p r o t e i n e lec 
trophoresis disclosed elevated gammaglobu
lins and decreased a lbumin . BSP retent ion was 
5.5% wh i le glucose tolerance was normal . 

Twenty- four hour urinary testosterone was 
11.6 u g , 17 k e t o s t e r o i d s 6.6 m g , and 
17-hydroxycorticos1eroids 20.4 mg w i t h ur i
nary creatinine 1123 mg. Urinary gonadotrop
ins were elevated above % m u u . IVP showed 

bilateral double col lect ing systems whi le other 
radio logical examinat ions revealed patchy 
demineral izat ion of the sku l l , calcif ied falx 
cerebr i , th inn ing of bone cortices suggestive 
of osteoporosis and bilateral short metacar
pals. Buccal smear disclosed 3 1 % of cells posi
tive for sex chromat in bodies. 

The pat ien t was u n w i l l i n g to submi t to 
semen analysis or testicular biopsy. Efforts to 
obtain b lood specimens f rom the daughter for 
paternity studies were unsuccessful. 

C y t o g e n e t i c Studies 

Buccal smears f rom both men were chroma
t in posit ive (31% in Patient One and 20% in 
Pat ient T w o ) . Ka ryo type analys is o f 100 
per iphera l b l o o d l ymphocy te metaphases 
f rom Patient Two revealed 46, XX karyotype 
(Figure 1). In no cell was a chromosome seen 
w i th the morpho log ic characteristics of a Y 
chromosome. Analysis of 60 metaphase cells 
on peripheral b lood lymphocytes f rom Patient 
One revealed his karyotype to be 46, XX (Fig-

15 



www.manaraa.com

R u b i o , W e i s s , N u n e z a n d Zafar 

.T 

Figure 3 
Autoradiography of metaphase from Patient O n e labeled with tritiated thymidine demonstrating 

late labeling X. 

ure 2). One cell was found in wh ich there was a 
chromosome w i th the morpho log ic charac
teristics of the Y ch romosome. 

However, this chromosome d id not have the 
f luorescence pattern of the Y chromosome. Of 
two hypomodal cells f o u n d , onewas missinga 
C g roup ch romosome , and the o ther a D 
group chromosome. One hundred metaphase 
plates were examined f rom f ibroblast cultures 
obta ined f rom a skin biopsy f rom Patient One 
and one hundred f rom Patient Two. All cells 
f rom Patient One except one were karyotyped 
as 46, XX; one cell was 45, XX-E. All cells f rom 
Patient Two were karyotyped as 45, XX. Some 
cells f rom each patient were found w i th four 
satellited G chromosomes; other cells had six 
identi f iable satell ited D group chromosomes. 

Au to rad iog raph i c studies us ing t r i t i a ted 
thymid ine demonst ra ted a late label l ing X 
chromosome in each patient (Figure 3). 

Peripheral b lood smears f r om bo th patients 
were examined for the presence of Y chromo

some f luorescence according to the method of 
Pearson and Bobrow.^ Interphase polymor
phonuclear leukocytes and lymphocytes were 
examined and in no instance was the f luores
cence typical of the Y chromosome f o u n d . 

Metaphase chromosomes were stained w i th 
0.05% quinacr ine mustard according to the 
technique of Caspersson et aP and examined 
w i t h a Zeiss mercury lamp f luorescence mi
croscope using a DG12 excitor and 53/54 bar
rier f i l ters. One hundred metaphase lympho
cytes f rom Patient One and the same number 
f rom Patient Two were studied. In no instance 
anywhere in the genome d id we observe the 
br ight ly f luorescent material f rom the distal 
two-th i rds of a Y ch romosome. Figure 4 is a 
photograph of a metaphase cell and Figure 5 a 
karyotype of a normal male demonstrat ing the 
characterist ic f luorescence of the ch romo
somes and particularly the distal two-th i rds of 
the Y chromosome. These bands are charac
teristic and make ident i f icat ion of individual 
chromosomes possible. 
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Figure 4 
Metaphase from Patient One stained with quinacrine mustard. The brightly fluorescent distal 

portion of the Y chromosome is not present as a translocation. 

Discussion 

Increasing awareness of the existence 
of individuals wi th male phenotype and 
46, XX karyotype has led to the discovery 
of nearly 50 cases since the first report in 
1964.'' These patients may have been clas
sified previously as cases of Klinefelter's 
syndrome which is also characterized by 
hypergonadotrophic hypogonadism and 
sex chromatin posit ivity. The clinical fea
tu res of p h e n o t y p i c males w i t h XX 
karyotype somewhat resemble those of 
K l i ne fe l t e r ' s s y n d r o m e in regard to 
gynecomastia, male psychosexual or ien
tat ion, normal to low intel l igence, sparse 
sexual hair, testicular histology and hor
mone levels. However, XX males w i th 
abundant body hair growth have been 
described in the comprehensive litera
ture review by de la Chapelle." There are 

also some str iking differences in somatic 
features. XX males usually have normal 
body p ropo r t i ons , muscular develop
ment and fat d is t r ibut ion. Their mean 
height is significantly shorter than XXY 
males and they are slightly shorter than 
the mean for normal males. Psychosis has 
not been reported in XX males. There is 
on record a set of identical twins wi th the 
condition.= 

An assortment of associated malforma
tions has been described in XX males in
c luding renal anomalies, bilateral hyd
rocele, cl inodacti ly of the f i f th f inger, 
deafness pseudo - t r uncus a r te r iosus , 
enoph tha lmus and microcepha ly . No 
skeletal abnormal i t ies have been re
ported and dermatoglyphic studies have 
disclosed no consistent abnormalit ies al-
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Figure 5 
Fluorescent normal male karyotype metaphase showing bright distal portion ofthe Y chromosome. 

though unusual patterns have been re
ported in three cases. Our Patient Two 
had a double urinary col lect ing system, 
bilateral short four th metacarpals and a 
simian crease on the right hand. The al
leged paternity of Patient Two requires 
proof but does not warrant the threat to 
his family structure that its demonstra
t i on might imp ly . No i n f o r m a t i o n is 
available concern ing parental consan-
quini ty of siblings of either patient. 

The use of quinacrine mustard staining 
and fluorescence microscopy has made it 
poss ib le to i d e n t i f y v isua l l y each 
chromosome pair according to specific 
banding patterns.'' The br ight f luores
cence of the distal two-thirds of the Y 
chromosome is easily identi f ied (Figure 
5) facil itating the identi f icat ion of mosai
cism or Y autosome translocations. No Y 
chromosome fluorescence was detected 

in either patient reported here, but a 
chromosome resembling a Y was seen in 
a single cell f rom Patient One. Several 
theories have been proposed' ' to explain 
the deve lopmen t of testes and male 
phenotype in such patients. 

1. The gene theory suggests a mutat ion 
of the postulated autosomal sex de
terminants. It is conceivable that au
tosomal genes can inf luence male-
ness in men, as in Saanen goats and 
some mice . ' ' " The lack of parental 
consanguini ty and of the expected 
high incidence of XX males among 
sibs is evidence against autosomal 
dominan t inher i tance. The normal 
sex ratio in most families of XX males 
studied is fur ther evidence against au
t o s o m a l d o m i n a n t t r a n s m i s s i o n . " 
However, Berger et a l , ' reported a 
family in which an XX male and an XX 
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t rue hermaphrody te occur red in a 
sibship and Kasdan et al '" have pre
sented the first report of three XX 
phenotypic males in one family, an XX 
t rue hermaphrodi te , an XX brother 
and an XX infert i le paternal uncle. 
The authors suggest the possibi l i ty 
that two separate male determinants 
were operative in this family. The data 
f rom our patients lend neither sup
por t ing nor refut ing evidence to this 
theory. 

2. The i n te r change theo ry : Fergu
s o n - S m i t h " has p r o p o s e d the 
hypothesis of a translocation of all or 
part of the Y chromosome to another 
chromosome, possibly the X, which 
could occur dur ing X-Y chromosome 
association dur ing the first meiotic di
vision o f t h e human male. Studies of Y 
chromosome length in the fathers of 
XX males have failed to show the shor
tening expected if translocation of Y 
material had occurred.•* The b lood 
group Xg l inked to the X chromosome 
permi ts t rac ing the source of this 
chromosome to either parent. Sup
port ing the interchange hypothesis is 
the demonstrated atypical inheritance 
of the b lood group Xg in three XX 
males and in several normal families. 
However, alternate explanations for 
the Xg f indings are possible based on 
color vision studies as wel l as the in
heritance of Xm proteins wh ich , l ike 
the Xg b lood groups, are l inked to the 
X chromosomes. " We d id not test 
these possibilities in any of our pa
tients. 

3. The mosaicism theory: This theory 
proposes that a cell line containing a Y 

chromosome could have become lost 
or extremely c i rcumscr ibed. 

a. Mi tot ic double nondis junct ion of a 
normal XY zygote produces an XX 
and YY line or single nondisjunc
t ion resulting in an XXY and a Y or 
bo th . The YY or YO lines being 
lethal wou ld be el iminated and the 
remaining XXY or XY line wou ld be 
lost. 

b. An XX ovum fert i l ized by normal Y 
containing sperm produces an XXY 
zygote. A later mitot ic error wou ld 
produce an XX and XXYY lines, the 
latter of which is e l iminated. 

Waldemar et al^^ were able to demon
st rate q u i n a c r i n e mus ta rd s ta ined 
f l uo rescence in 29% of Ser to l i cells 
studied in an XX male. In this case a Y 
chromosome was described in a single 
peripheral b lood leukocyte. As pointed 
out by the authors, other f luorescent 
bodies can simulate the Y chromosome. 
However, the Y chromosome is not al
ways f luorescent and it is possible that 
the XY Sertoli cell lines of mosaic cases 
could exhibit relatively poor growth in 
cell cultures, thus of fer ing an explana
t ion for the dif f iculty in demonstrat ing Y 
chromatin in suspected mosaicism. Our 
Patient One may wel l represent a similar 
example of this type as suggested by the 
f ind ing of one chromosome morpholog
ically similar to Y but nonf luorescent. 
This is compatible wi th the mosaicism 
theory, since the sex determin ing locus 
of the Y chromosome lies in the non-
f luorescent short arm. '^ Thus, failure to 
demonstrate the Y chromosome is not 
proof of its absence. 
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