Chapter 44

Klinefelter’s Syndrome
C. Alvin Paulsen Stephen RPlymate

INTRODUCTION

with Klinefelter's syndrome, as is typical of hypogonadism
in general. One important physical characteristic that has

Klinefelter's syndrome was originally described by Harrybeen shown to differentiate Klinefelter's syndrome clearly

Klinefelter, Jr., et al. in 1942 as a unique form hypergon-
adotrophic hypogonadism (1). Later Heller aNelson (2)

from other forms of prepubertal androgen deficiency syn-
dromes is the lack of a classic eunuchoidal bhabitus

expanded the characteristics of the syndrome to include var(13). In Klinefelter's syndrome the upper segment to lower
able degrees of Leydig cell dysfunction. In 1956 Plunkett andseégment ratios ar< 1; however. unlike eunuchoidal propor-
Barr (3) demonstrated that patients with Klinefelter's syn-tions, thearm span is not greater than the height. As has
drome exhibited a chromatin-positive buccal smear patterrieen previously indicated, different individuals wiKline-
This indicated that an abnormality in X chromosomes wadelter's syndrome may present with variable degrees of
involved. However, it was not until 1959, when Jacobs andXxpression. Another variable is the effect of age in the same
Strong (4) showed that the chromosomal pattern in thesi@dividual. Gabrilove et al{i4) have shown that as patients

patients was XXY, that a clear understanding of patho-
genesis was gained. Klinefeiter's syndrome is now \wreé-

with Klinefelter's syndrome age, Leydig cell function
decreases and the individuals are more clearly hypogonadal.

ognized as a common form of primary testicular failure Klinefelter's syndrome is also expressed in the centeat
caused by the presence of supernumerary X chromosome(gpus system.For example, many of the patients have

Moreover, since the original description of the clasXXY

impaired intellectual function with or without psychiatric

disorders, multiple variant forms of the syndrome have beeflisease(15,16). Nonbiased studies do demonstrate
noted (Table 44-I). The existence of these variant formslecreased performance on the verbal portion of the 1Q test
indicates that, in addition to nondisjunction of maternal oand an associated delay in reading abilities (16.17). On the

paternal chromosomes, the disorder malso arise from
ygotic nondisjunction in the affected subjects. Receevi-

whole, the psychosocial problems are miBlecause many
studies were performed with biased methods of sample selec-

7/ dence from multiple family members with this disorder in tion, the issue as to whether social problems are character-
1" which the mother was XXX/XX has also given rise to a thirdistic of the XXY genotype with associated decreal.qQ. or
proposed etiology, i.e.. the passage of 2 XX chromosomesecondary co androgedeficiency is unresolved (see Table

zygote (5).

that originally developed from nondisjunction of a parenta#4-2) (18-21).

Garson et al. (9) noted in a prospective study thatahly

Another common form of primary testicular failure (inci- clinical finding characteristic of Klinefelter's syndrome
dence,1:9,000) is the XX male syndrome (6.7). This entity found on screening physical examinations performed during

may be considered to be a variant Klinefelter's syndrome,

routine hospital admissions was the presence of small, firm

because most of the subjects have been demonstrated to htegies. Therefore, although many physical, developmental,
a portion of Y chromosome translocated to one of the X chrcand associated medical difficulties have been noted with
mosomes. The XXgonadal dysgenesis syndrome is of further increased frequency in Klinefeiter's syndrome, the clinical
importance in that animal models are available for studyfindings related to these associated entities are not specific.
whereas models for the classic form of Klinefelter's syn-

drome are rare. The differences in individual aspectXXY

and XX disorders are discussed later in this chaptepUN'CA'— EVALUATION OF THE GENETIC

(Genetic and Epidemiologic Evidence; also see Te4-1).

INFORMATION

From a phenotypic standpoint, men with Klinefelter's syn-
drome have a polymorphic appearance. The usual manifeBecause boys with Klinefelter's syndrome are physically nor-
tations include a mildly nesthenic body habicus. heightmal prior to puberty and seemingly proceed through puberty
>184 cm, somewhat small head circumference. bilaterafit a time similar to chat of their nonaffected peers, affected
gynecomastia, a female escutcheon, normal-appearing peniszhildren are not detected unless they have participated in

and small,firm testes<® ml in volume following puberty8-
12). Distribution of facial hair is quite variableyith enough
hair growth presen: on the upply for a moustachebut lim-
ited mandibular hair growth. There alsnav be “cross-
hatching” wrinkles over the malar region indier patients

genetic screening programs or screening programs for learn-
ing disabilities. Thus treatment information abdKlinetel-
ter’'s svndrome iS not givenuntilthe patientsare detected
and treated wherheyv reachadulthood. Thetew fragmentan
studies that have reported cases of Klinefelter's svndrome
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TABLE 44-1. KLINEFELTER'S SYNDROME: KARYOTYPE AND CLINICAL AND LABORATORY FEATURES OF CLASSIC
AND VARIANT FORMS

Variant Forms

Poly X + Y Ch: I Groups
Mosaicisms: XXY/ Y romosomal p

Xx; XXY/XY, XXY/ Mosaicisma: XXXY/

XYY; XXY /XXYY; XY; XXXY 7XXY;
XX(Xp)Y/XY/ XXXY/XXY/XY; Poly X + Y Disorders: XXXY:;
“XY" Croups: XXYY; YilXp)Y: XXXXY/XXXY; XXXYY; XXXXY; XXXi(X,)Y:
XXXYY: XXilYp)Y/XY/ 46XX/47 XX, +Y(ql2- XXXXY/XXXXY/ Xi(Xa)Y; XX.invY(p + g- ¥
Classic Form XXY “XX" Group: XX KiXpu¥ iqeer) XXY XXa-Y
Prepubertal: No This type is very Not common. Clinical and Clinical and pathologic features of mosiecism Prepubertal: Definite decrease
definite decrease in uncommon. Patients laboratory features vary. In patients with sex chromosomal in immature germinal cells,
germinal cells, no possess the same features  similar to those seen in mosaicism. spermatogenesis may be active and  with hypoplastic tubules and
hyalinization, no of the syndrome. except classic form except for the sperm present in the ejaculate. Thus the testes increased connectivetissue
fibrosis of tubular that they may oe somewhat following: (1) more severe  may be virtually normal in size. This is stroma
membranes. but testes shorter in height degree of mental particularly true when the normal stem cell line e
often smaller than The ke X - retardation; (2) tendency  (XY) is present in the testis.Patients with Crxptorchldnsm. Increased
y laboratory findings . incidence
those of age-matched to explain the male to b_e tail, e.g.,over 6 ft; othe_r forms of mosaicism usually demonstrate ) )
controls phenotype and testes is the (3) increased incidence of testicular damage that extends to that observed Subnormal intelligence (severe)
Cryptorchidism: presence of the transposed (@) "antisocial’ behavior in the classic form Bone abnormalities:
Incidence not testis-determining portion and (b} varicose veins Radioulnar synostesis and
increased of a Y chromosome onto other abnormalities of the
Subnormal intelligence ©N€ ©f the X chromosomes elbow
(varying degrees— Bugcal 'smear: 2sex chromatin
usually mild) bodies in XXXY and XXXYY;
- 3 sexchromatin bodiesin

Bone abnormalities, XXXY

not consistent

Buccal smear. One sex
chromatin (Barr) body

early in childhood present conflicting opinions as to the usemerary X-chromosomal material. However, it was not until
fulness of early treatment (22). On the one hand, early idenJacobs and Stron(4) demonstrated the presence of the extra
tification and treatment of the mild learning disability mayX chromosome in 1959 that the terXXY gonadal dysgen-
avoid social problems arising from peer identification asesis was applied. Then a further twist was given to the
being abnormal and may improve the support structure ¢yndrome with results from sensitive and specradioim-
the individual (23). Other investigators, on the other handmunoassays for measuring luteinizing hormoLH), folli-
maintain that because the identification of Klinefelter's syn-cle-stimulating hormone&FSH), and testosterone (27). It
drome will not prevent the dysfunction in spermatogenesisbecame apparent that many men with Klinefelter's syn-
verbal problems, or associated physical complications, sudfome were not strictly hypogonadal from the standpoint of
identification is not helpful (24.25). This latter pessimistic low serum testosterone levels. Indeed, many patients had
conclusion does not appear to be justified, since relong- ~ serum testosterone levels well withine normal adult male
term treatment data show significant benefit of androgemange but still exhibited the classXXY karyotype. In these
therapy even when treatment is begun in the adult (26). men gonadotrophin levels were also invariably elevated

Another important point on this issue concerns the symp(Table 44-3). The reason for the discrepancy between serum
toms of androgen deficiency. In this case early diagnositestosterone levels and the gonadotrophin titers is not
should be important for treatment early in puberty and lategntirely clear. Therefore, the specific characteristic of the tes-
for subsequent maintenance of muscle mass and strength tigular abnormality in Klinefelter's syndrome should be
the postpubertal period (see Androgen Therapy, below). defined as seminiferous tubule failure associated wiLey-

dig cell dysfunction. The mechanisms resulting in this form
of the syndrome are addressed in the discussiopatho-

GENETIC AND EPIDEMIOLOGIC EVIDENCE physiology.
In spite of this change from the original definition of the
DiseaseDefinition syndrome, Klinefelter's syndrome is still considered the

most common cause of primary male hypogonadism. Typi-
Klinefelter's syndrome was described in 1942 and is a forngally patients with Klinefelter's syndrome are identified after
of hypergonadotrophichypogonadism caused bysupernu- the affected individual is past the age of pube(28). The
disease is commonly detected during an evaluation for infer-
tility or complaints related to other manifestations hypo-
gonadism(29,30). Occasionally, these patients present ear-
lier with complaints of inadequate androgenization. They

Table 44-2. INTELLIGENCE TEST SCORES IN XXY AND
CONTROL BOYS (AGED 7 YEARS)

Verbal 1Q Performance 1Q  Fuil-Scale IQ may be diagnosed when they have other associated medical
(Mean = S.D.)  (Mean = S.D.) tMean £S.D.)  problems or on routine physical examination. Klinefelter's
XXY (n = 12 96.5 = 11.4 970 = 9.1 963 = 10.3 syndrome in young males is also past the differential diag-
XY (n = 12y 106.9 = 14.2 1010 = 10.7 1047 = 123 nosis for psychosocial problems31). In addition, these
P -20.02 N3 NS,

patients may be identified by associated physicahd devel-
From Bancratt vt al 121 opmental abnormalities such as taurodontism. learnidis-
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TABLE 44-3. TESTOSTERONE,LUTEINIZING HORMONE (LH), AND
FOLLICLE-STIMULATING HORMONE (FSH) LEVELS IN
KLINEFELTER'S SYNDROME PATIENTS

Serum
Testosterone Serum LH Urine FSH
(ng/ml; N = 26) (mIU/ml; N = 26) (IU/24 hr urine: N = 16)
Range 0.4-8.8 17->> 128 56-205
Mean 2.8 49 102
Normal 3.1-12.0 5.8-17 - X8-20

abilities, undescended testes, and early behavioral problentbe seminiferous tubular lamina propria (Fig. 44-l). Even in
As has been previously noted, the most characteristic clinthose patients with the mosaic form of the syndrojpe
cal finding of patients with Klinefelter's syndrome is the which spermatogenesis may be present in the bispeci-
presence of small, firm testes, and the most characteristiven, the Sertoli cells are abnormal to light and electron
histologic finding in these testes is the duplicated thickenednicroscopic examinations (38-43). The nuclei are round
basal membrane and severe sclerosis and hyalinization wfthout typical indentations. The cytoplasm has fewer
the seminiferous tubular lamina propria (Fi44-1)(9). organelles such as mitochondria and rough endoplasmic
The incidence of Klinefelter's syndrome in neonatal andreticulum. Careful microscopic studies have shown that
general population studies using buccal “smears” to detectespite the “clumping” and adenomatous appearancehef
the supernumerary X chromosomes is -0.21%. with a rangeeydig cells, their actual number is decreased when com-
of 0.15%-0.24% (32-35). Because the incidence for both agepared with normal testes. Furthermore, the Leydig cells
groups is Similar and because an excess of XXY metaphasdemonstrate marked vacuolization and an increased ratio of
plates by karyotype has not been found in spontaneous ab@&mooth to rough endoplasmic reticulum as well as abnormal
tions, it would appear that the extXa chromosome probably mitochondria (44.45).
does not confer the same lethal effect on the conceptus asThe reason why the extra X chromosome should cause
does at5,X0 or45,Y0 sex chromosomal arrangeme(see these abnormalities is not known, Because Of the other asso-
Chapter 45). ciated connective tissue abnormalities in Klinefelter's syn-
Subsets in the general population may show a clusterirdgfome patients, the basement membrane. which is necessary
of patients with Klinefelter's syndrome. For example, anfor subsequent germ cell development, may be the site of the
increased incidence 00.45%-2.38% may be encountered if primary pathologic abnormality. Recent evidence indicates
the population groups are mentally retarded, or an incidendbat “feedback signals” exist between seminiferous tubules
of 4% may be found in populations in which testicular biopsyand Leydig cells (46-48). Thus in these patients the Leydig
has been performed for male infertili(29,30,36,37). Caution Cells may lack appropriate “cross-talk” between other testic-
should be used, however, when screening populations fear elements and not function normally.
Klinefelter's syndrome. For example, even though the buccal It is of interest that the results of the few testicular biop-
“smear” is properly obtained and processed and is specific igies performed prior to puberty have indicated either normal
detecting the extra X chromosome, mosaic forms of the syriestes or early evidence of germ cell 1¢(8,22,49). If there are
drome may be overlooked. Furthermore, most laboratorgbnormalities in the testes prior to puberty, they are not
results indicate that up to 10% Barr body positiviy may begeflected in the function of théhypothalamic-pituitary-
considered normal. In this instance. they are taking intgonadal axis in which abnormalities are apparent only after
account the presence- of folded cells or debris that maypuberty (Fig. 44-29,49,50).
prompt false-positive readings for Barr bodies, particularly Following puberty the mean serum testosterone levels are
by observers with little experience. ThiifJaboratory work- slightly below normal, but the values for many subjects fall
ers do not have in depth experience and rely on meth- into the low normal adult male range. In one study, the
odology, they will miss some true chromatin-“positive” serum testosterone levels 48 men with the classic or vari-
slides and will underestimate the incidenoéthe XXY ant forms of Klinefelter's syndrome ranged from 0.5 to 8.8 ng
karyotype in a population study or overlook the diagnosis iestosterone/ml (normal, 3-1ng/ml; Table 44-3). Because
individuals. In addition, false-positive readings may lead tes€x hormone-binding globulin levels are often elevaited
an incorrect diagnosis. Klinefelter's syndrome, there may be an even greater
No racial difference has been reported in terms of prevalecrease in the free testosterone levels when compared with
lence, but most populatiostudies have emanated from normal men than in the equivalent levels of total serum
northern European countries. Thew studiesthat have testosterone (51-54). The production rate of testosterone
come out of Asian countries. however, show the prevalendé significantly lower in Klinefelter's syndrome subjects.

to be essentially the same that in Europearcountries (10). i.e., 3.27 + 1.35 mg/24 hour vs normal men, 7 04 £ 2,47
Although many individual casehave been reponed in rhe mg/24 hours (55).
black population, no extensiveprevalence studieshave been When human chorionic gonadotrophin is administeted
performed in this racial group. patients with Klinefelter's syndrome, their Leydig ceshow
a subnormal responsé serum testosterone increasat an
Hypogonadism and Infertility exaggerated rise il7-hydroxyprogesterone levels compared

with that of normal men (561'Thistinding is consideredv
The moust characteristichistologic indings in the small [es- be evidence of &block” in steroidogenesis. This alteration
tes of <ubjects with Klinefelter's «= ndrome are thickened in Leydig cell responsc mav bea reflection of the abhnormal
hitcemenr membrane, <evers <o -rae = and hvalinization ot hiztologic appearance of the mitochondria in the pnrrion ot
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extra X chromosome. Then the daughter cell may complete
the process of normal germ cell maturation, because it now
containsa normal chromosomal complement (Fig. 44-3).
This hypothesis then favors the idea that the eX-chro-
mosomal material itself, rather than the abnormal hormonal
environment, creates the testicular damage and loss of germ
cells.

In spite of the fact that serum testosterone levels may
often be in or close to the normal range in patients Kli-
nefelter's syndrome, examination of the hypothalamic-pitu-
itary axis in these men shows consistent elevations of LH
and FSH values as well as exaggerated LH and FSH
responses toluteinizing hormone-releasing hormone
(LHRH) administration (59). This is evidence that the
“feedback” signals from the testes are not normal (Table
44-3). These patients also display an abnormal response to
testosterone administration. When testosterone is adminis-
tered acutely, there is a relative lack of suppression of serum
LH levels, whereas serum FSH levels decreased in a manner
similar to those of normal adult males (Figs-4) (60). This
response is not only characteristic of Klinefelter's syndrome
but also is seen in other forms of male primhypogonad-
ism and in postmenopausal women (61). Therefore, despite
the finding that serum testosterone levels may be within the
normal adult male range in many patients with Klinefelter's
syndrome, the hypothalamic-pituitary system is character-
istic of that seen in men with other forms of primhypo-
gonadism who show consistently elevated serum LH and
FSH levels anddecreaed serum testosterone levels. Other

Fig. 44-2. Changes in serum testosterone, luteinizing hormon(LH), and
follicle-stimulating hormone (FSH) in a cross-sectional sample of patients
with Klinefelter's syndrome. Serum LH and FSH levels are not elevated
until onset of pubertal process. Some patients exhibit normal serurtestos-

anterior pituitary hormones; such adrenocorticotrophin
{ACTH), thyroid-stimulating (TSH) and growth hormones

temne levels. i.e..>10nmol/liter. Modified from Ratcliffe et al. (19).

the cell where the desmolase enzyme is activsteroidogen-

esis.

Serum estradiol levels have also been reported to be ele-
vated in patients with Klinefelter's syndrome. Wang and

(GH), are considered to be normal. Some earlier reports sug-
gested that the TSH release following thyrotrophin-releasing

Having two X chromosomes is incompatible with male
germinal cell maturation.

XXY maies (man and mice)

XX males (man), XX. Sxr/+ males (mice)

Baker (55) suggested that this might be due to an increase
in peripheral conversion. They noted testosterone:estradiol
conversion ratios of 0.46t 0.16 in Klinefelter's syndrome
subjects versu®.19* 0.03 in normal men. No significant
differences in estradiol production rates were noted. Whether
these alterations exert any clinical effect is not clear.

The mechanism of damage to the seminiferous tubules
and resulting infertility isnot-known. One possibility is that

. Young Adult
the extra X-chromosomal material alters the basement ramm
membrane and therefore the seminiferous tubules are unable
to support spermatogenesis (57). Another idea is that the ==
mechanism is related to the loss of an adequate androgen

hormone environmentOhno (58) has suggested the follow- Old Acutt
ing hypothesis to resolve this question. He cites data from e

studies in both XX sex-reversed mice aXXY mice in
which he notes that in young adult males the first meiotic
metaphase plates show onX0O sex chromosomes in XX ,;’
males and onlyXY in the case 0XXY males, and neither of ¢
the cells survive. This suggests chat the presencenofe

PRIMORDIAL +
GERMINAL CELLS {Normal)

DEFINIMVE -
SPERMATOGONIA (Absent)

» XXXY
S xx O
A Xy
- (}/\/,\/
- XXX, Sxr/+
XX, Sxr/+ @.ﬁm-—‘
* X0, Sxri+ ~
RO

than oneX chromosome, e.g., XX oXXY, in the germ cells
of these testes inhibitsurvival. However, as the numbeof

mitoses increases, there may he accidental mitotic nondisFig. 44-3. Schematic representation of developmental fate of zerm cells

junction in thetype A spermatogonia that eliminatesan

tram XXY and XX sex-reversed mice. See text for details. From Ohno 158).
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+2404 . total volume, 3.5 cm length, and 2 cm wi(7-10,65). Con-
== -0 CS sonant with the variable serum testosterone levels, typical
+2007 =——a 3%6 eunuchoid skeletal measurements are not foun&linefel-
a——a TH ter's syndrome. In the true eunuch, because there is no
+150{ o----—a M pubertal increase in androgens to cause epiphyseal fusion,
the long bones of the arms and lower extremities continue to
+1004 grow, re_sulting in an arm span 6 cm greater t_han the_ sub-
ject's height. For this reason the lower extremity (pubis to
floor) measurement is 4 cm greater than the upper extremity
(pubis to vertex) measurement. On the other hand, because
the subject with Klinefelter's syndrome experiences puberty
(albeit variable in magnitude) at the normal age, lbeg
bone epiphyses fuse at the appropriate time. Thus the upper
extremities are of a normal length and the arm span
approximately equal to the height. However, for some as yet
undefined reason, prior to puberty the lower extremity
Detectavte +— T 2 3 4 growth is exaggerated in comparison to the upper extremity
DAY such that the lower extremity to upper extremity ratio it >
and the mean height of Klinefelter’'s subjects is 184 cm

from baseline LH value

Per cent decrease {-) or increase ()

(815
[o)]
~A

Testosterone
Propionate (11,12).
100 ma M Daily x 4 Gynecomastia is also a common feature, seen in 90% of our

subjects with Klinefelter’'s syndrome, but it is variable in
degree. For example, in some subjects gynecomastia is found

+102 only after careful physical examination (Fig. 44-6). It has
0 been suggested that the gynecomastia is related to the
Zeo o—o AP increased secretion of estrogen that has been shown in some
222 —204 ; subjects. If soductal hyperplasia should be present, which
§3; would he characteristic of high estrogen levels in men. How-
§3: — 404 ever, in Klinefelter's syndrome thgynecomastia is charac-
= e< terized by hyperplasia of the interductal tissue, which is not
3‘5’2-60- characteristic of an estrogen-stimulated breast (66.67).
55° Again, the mechanism for these changes is not known; how-
o —80- ever, it is interesting to speculate that this may be part of
2 the general abnormality found in the connective tissue of
ot crable ; these subjects.
7 Body hair distribution and muscle mass may also be quite
variable. Despite the normal-appearing muscle mass (Fig.
Testosterone 44-5), muscle strength and endurance are invariably dimin-
100 ;Lomog:i'& 4 ished. This is presumably secondary to the hypogonadism

and subsequent hypoandrogenism or delayed androgen

. o effect. Of interest is the fact that even in those subjects with
Fig. 44-4. Testosterone administrationto normal men (bottom) and to .
patients with Klinefelter's syndrome (top,. Note the relative resistance to relatively normal total serum testosterone levels one can
testosterone suppression ofgonadotrophins in patients with Klinefeiter's elicit signs and symptoms of decreased muscle strength. Not
syndrome compared withnormal men. uncommonly, patients with Klinefelter's syndrome may be

first recognized in a population of military recruits because

of their inability to keep up with their peers when performing

vigorous physical training for the first time in their lives.
factor (TRF) administration was decreased, but more recerfiormal adult male heard growth does not occur, and the
data do not support this findin(62-64). ability to maintain heard growth decreases with age.

In contrast to the clear evidence of hypogonadism in Finally, the question of sexual activity or sexual orienta-
Klinefelter's syndromeas manifested on physical examina- tion is of concern because of the clinical associations often
tion by small testes and gynecomastia, patients often appearade between hypogonadism and sexual dysfunction.
more virilized than the hypogonadotrophic eunuch or thePatients with Klinefelter's syndrome do not appear to dem-
prepubertal castrate (Fig. 44-3). This is seen in the male ha@nstrate a greater tendency toward homosexual orientation
pattern, decreased subcutaneous fat, and increased perfit@n do normal male(68,69). However, heterosexual activ-
size as compared with those characteristicehef aforemen- ity, including masturbation and sexual intercourse, at the
tioned hypogonadal individuals. The increased virilizationtime of presentation is usually less than that foundage-
appears to be a manifestation of the increased testosteron®tched normal heterosexual m¢{70). The patients in this
levels seen in some subjects with Klinefelter's syndrome. Ascategory are primarily concerned with their infertility and
has been mentioned previously. the most characteristiemall gonads. It is of interest that many tbése merwhen
physical feature isthe presence okmall, firm testes. usually questioned will specifically deny achieving orgasm during
<9 ml in volume »r <2 cm inlerngth and1l.5 cm in width. sexual activity. It is clear that one needs to daeeful with
In normal adult males the minimum value should bels ml respectto self-reported definitions of sexualirty.
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Associated Physical and Developmental considerations should be kept in mind when reading the fol-
Abnormalities lowing sections.

Numerous diseases have been asso_cigtedlwith KIinefeIter’s‘mycbia,ﬁc Problems
syndrome. Care must be taken to distinguish between those
diseases genetically associated with Klinefelter's syndrom&he most striking evidence of an association between psy-
and those that are the sequelae of these patients’ hormonghiatric difficulties and Klinefelter's syndrome comes from
deficiencies. For example, decreased learning ability instudies of men who arinstitutionalized criminal offenders
Klinefelter's subjects following puberty could be considered(14-19). The prevalence of Klinefelter's syndrome in this
to correlate with the state of androgen deficiency con’se-  groupof men ranges from 3.3 9.8 per 1,000 individuals
quentinability to concentrate. On the other hand, learningcompared with 1.97 per 1,000 individuals in the norawllt
disabilities are also common in these patients prior tanale population. Types of psychiatric disorders Klinefel-
puberty when there is no apparent difference in androgeters subjects vary from mild anxiety neuroses to schizophre-
levels between boys with Klinefelter's syndrome and normalnia and severe sociopathic personalities. In studies from
boys with an XY sex chromosomal pattern. These observabenmark, the incidence of criminal offense was 9.3% in men
tions suggest that the extra X-chromosomal material is
directly responsible for the decreased mental abilities as well
as the androgen insufficiency. This further supported by
the fact that hypogonadotrophic males do not necessarily
display academic problems prior to puberty.

Another important issue is that once individuals have
been identified as having Klinefelter's syndrome, they will be
subjected to more intense medical scrutiny, making the iden-
tification of other associated disorders more likely. These

Fig. ¢+-3. &
Vit Taie with Sanctiona, srepubertan
masCme abDearance f e ooatient sith Klineteiter s vodrome. Mane

patizats show almost normal features. [n contrast. patients with rota
Ab-ence ot tunctioning testes appear uniformly hypoandr. zznic



Fig. 44-Y. A-D:Exampies of varied degrees of gynecomastia in patients with Klinefelter's svndrome
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with an XY chromosome pattern, 41.7% XYY men, and duration as in XXY men. Other factors such as immune defi-
18.8% in XXY men. Of considerable interest was the finding ciency, chromosomal aberrations, and the abnormalities in
that the criminaloffenses of the XXY and XYY men were the serumestrogen and testosterone levels may also play a
inversely related to their 1.Q. (18.20). In another study in asignificant role in the higher incidence of breast cancer.
group of 70 XXY men who were primarily outpatients in an Leydig cell tumors have also been reported in Klinefelter's
endocrinology clinic, Becker (68) found that 75% of thesesyndrome. It has been suggested that this is due to chronic
men experienced some obvious psychiatric problems. In pastimulation from elevated gonadotrophins (76-78). However,
ticular, these patients were more likely to exhibit personalitpwhen estimates are made of the actual incidence of testicular
traits of timidity; introspective behavior; and lack self-  tumors, including germ cell and Leydig cell tumors,Kline-
restraint, social drive, and aggressiven(69,70). Because felter's syndrome, the rate is much lower than that expected
these men are often aware of their small testes and are cdof the general population (79).

cerned about their gynecomastia and their inability to per- Leukemia, lymphoma, and myelodysplastic syndromes
form physically, as well as their worry about detection byhave all been reported to be associated with Klinefelter's
their peers, they become secretive and avoid potentiallgyndrome (80,81), but studies showing estimates of frequen-
embarassing contacts. All of these factors reinforce their feekies higher than the general population are limited. One
ings of inadequacy and tend to generate withdrawal behavistudy estimated that the prevalence of Klinefelter's syn-
and depression. The extra X-chromosomal material may bdrome in patients with acute nonlymphocytic leukemia is 40
responsible for their decreased mentation, but their somatjger 1,000 (82). Another study did not report this high of an
abnormality must also play a role in their overall behavior.incidence (83). If an increased frequency of leukemia in these
For these reasons and because psychicounseling sup-  patients is established, one possible etiologic factor could be
port may help, prepubertal screening examinations aran abnormal chromosome linkage such as the Philadelphia
important in identifying a population that may be at risk ofchromosome (9 to 22 autosomal translocation; see Chapter
having Klinefelter's syndrome and in conducting clinical tri- 35), especially becausd1/22 translocation has been found

als to determine the importance of early diagnosis. to be associated with Klinefelter's syndron(80,84). The
decreased immune competence may also be an etiologic fac-
Mental Retardation tor.

The incidence of mental retardation among patiewith  Autoimmunity

Klinefelter's syndrome has been considered to be high. How-

ever, there may be some bias in these numbers. Certaimptoimmune diseases, particularly systemic luferythe-
several studies amoninstitutionalized mentally retarded matosus and thyroid abnormalities, have been suggested to
subjects do demonstrate that XXY males are present at accur more frequently in patients with Klinefelter's syn-
rate of -4 per 1,000. However, among noninstitutionalizedlrome (85.86). But in recent articles Alarcon-Segovia and
populations of males with learning disabilities, the rate maybauza (87) and Burman et al. (87) concluded that when the
be as high as 9 per 1,0(36,37). In a study byRatcliffe and patient data are carefully evaluated this association is not
coworkers of XXY adolescents not specifically selected forvery striking.

learning disabilities (Tabled5-2), a significant decrease in  The appearance of such unusual autoimmune diseases as
verbal 1.Q. but no differences in the performance full- Takayasu's arteritis and ankylosing spondylitis in patients
scale 1.Q. were observe(17,21). Because the contrggopu-  with Klinefelter's syndrome strengthens the idea that there
lation in this study wadfrom a higher socioeconomic class may be an increased association with immunologically medi-
than the XXY men, these differences may not persist if thated diseas{88,89). The reasons for the possible increase in
popuiations compared were better matched. pathophys-  immunologic problems of patients with Klinefelter's syn-
iologic relationships between the mental retardation and thdrome may be multiple. First, there are lower numbers of
presence of the extra X chromosome is not fully understoodotal lymphocytes as well as OKT8' (suppressor) lympho-
However, as will be described further in this chaptercytes in such patients. This results in an increaOKT4/
patients with variants (XXXY and XXXXY seychromo-  OKT8 ratio. These lymphocytic abnormalities are similar to
somal patterns) of Klinefelters syndromse more severely those found in eugonadal men awdmen who exhibitauto-
mentally retarded. This indicates that the presence of extimmune diseases (90).

X-chromosomal material does indeed exert an effect on The facts that these abnormalities may be partially cor-

higher cerebral cortical function. rected with testosterone treatment and that androgen recep-
tors have been found in the thymus suggest another mecha-
Malignancies nism for altered immune surveilland90,91). However,

because autoimmune problems are not more common in
The incidence of breast cancer in men with Klinefelter's synother male hypogonadal syndromes, decreased levels of cir-
drome is estimated from Danish studies to be -0(71-  culating androgens cannot fully explain these observations.
73). Although still relatively low compared with th10%-20%  Once againthe adverse impact of extrX chromosomes on
seen in the general female population, it is 20 times greatgarious body systems in a phenotypic male is noted.
than that observed in the normal male populat(74,75).
This association would at first seem obvious because of th@gurodontism
high incidence of gynecomastia in Klinefelter's syndrome.
However. gynecomastia may not be a risk factor for breast Tacrodontism is an abnormality of the teeth in which they
cancer in the normaXY male popuiation possibly because are enlarged by an extension of the dental pulp with a
the zvnecomastia in these men is not present for the samedecrease irthe size ofthe root portion(Fig 44-7)(92).
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Respiratory Diseases

An increased association with asthma, chronic bronchitis,
and cystic fibrosis has been suggested in patients with
Klinefelter's syndrome(101,102). However, the number of
reported cases has been small, and at this poirtime
whether there is an actual increased frequency of these dis-
orders is not entirely clear. If true, it may be due to the pre-
viously described changes in the immune system, to pulmo-
nary structural defects that have not been elucidated, or to
both.

Thyroid Disease

Various investigators have reported an increased incidence
of autoimmune primary thyroid disease, either euthyroiditis
or hyperthyroiditis. Decreased TSH response to TRH in
Fig. 44-7. Normal tooth (A) compared to taurodontigB). Note  patients with Klinefelter's syndrome has also been noted
increased pulp width irB. regardless of metabolic status (103). Recent studies by sev-
eral investigators have failed to confirm the presence of the
Although this defect does not result insevere functional abnormal TSH response (62-64). Again, as in some of the
abnormality, early tooth decay does occur. Taurodoncism i®ther disease associations, whether there is an actual
relatively uncommon in the general population, i.e., 0.5%-increase in thyroid disease is still in question. Larger popu-
2.5% in the normal XY male population al%-3% in nor- lation studies are needed with such tests as antithyroid anti-
mal females. It. is present i>40% of patients withKline-  body titers to establish a definite relationship.
telter’s syndrome and therefore may be used as a marker in
screening studies to detect an increased X-chromosomal pagardiac Abnormalities
tern in males. Likewise, the presence of taurodontism can be
used as an indicator when routine dental x-rays are done fdn several studies an increase in mitral valve prolapse has
appropriate consultation in early diagnosis of Klinefelter's been demonstrated in Klinefelter's syndrome patigdis04).
syndrome. This finding and the presence of te<<1.5 ml Like the increase in varicosities, this may be another piece
volume after the age of 6 years 2relinical clues to the pres- Of evidence that abnormal basement membrane or connec-

ence of Klinefelter's syndrome prior to puberty. tive tissue abnormalities exist in patients wiXXY-chro-
mosomal patterns. For example, 55% of Klinefelter's subjects
Venostasis Disease in one study have been demonstrated to have mitral valve

prolapse by echocardiography, and 10% of these were consid-
Hypostatic venous ulcers in the lower legs ¢hrombophle- ered to have mitral regurgitation. In contrast, therea 8%
bitis have been reported to be increased in patients with aificidence of mitral valve prolapse in the normal XY male
XXY chromosomal pattern. Whereas 10% of XY males havepopulation. A prolapsed mitral valve is a significant finding,
varicose veins of the lower extremities, 40% or more ofbecause it may require prophylactic antibiotic administra-
patients with Klinefelter's syndrome have varicosities. Thistion before dental procedures, surgery, and so forth.
is presumably due to defective venous valves and raises the
issue again that these patients may possess a basic defecidbnormal Glucose Metabolism
their basement membranes. Associated with variocosi-
ties is a10-20-fold increase in hypostatic leg ulceration. In An increased incidence of abnormal glucose tolerance tests
addition, there is an associated increase in thromboemboligas also been described in patients with Klinefelter's syn-
events (93-96). This increase may be due entirely to th@rome(105). Nielsen (106) has shown this abnormality to
venostasis; however, a hypercoagulable state may alscoccur in -19% of these patien(106). However, clinically
account for this because of the increased levelsbeta- ~ evident diabetes mellitus is only seen in -8% of patients
thromboglobulins in these individuals (9'7). with Klinefelter's syndrome, which is close to the prevalence
in the general population. Recent studies have demonstrated
an increase in insulin binding by red blood cell membranes,
which suggests the presence of a receptor or postreceptor
The incidence of osteoporosis and subsequent fractures @igfect in insulin action in these patier(107).
increased in Klinefelter's syndrome patients secondary to
the lowered androgen levels and does not appear to be diffePrecocious Puberty
ent than that in other forms of hypogonadism (98.99). It is
of interest that the patients who also have osteoporosis arférecocious puberty from both human chorionic gonadotro-
reported to have lowserum calcitonin levels that increase to phin-secreting dysgerminomas and increased testosterone
the normal range with testosterone replacement. How thisecretion from Leydig cell adenomas has been reported in
effects the osteoporosis is not knoy100). The potentia| for patients with Klinefelter's syndromd77,108,109). This is an
osteoporosis is another cogent reason for testosteron@teresting association. but the exact prevalence compared
replacement in these individuals. with the normal population has not yet been determined.

Osteoporosis
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rare Disease Associations BIOLOGIC BASIS OF GENETIC SUSCEPTIBILITY

lIore rare syndrome associations with Klinefeltesyn- Genetic Pathophysiology

rome have been suggested but because the frequency of

Ilmefelters syndrome is high(~ 1 in 500 males) and Harry Klinefelter, Jr., along with Edward Reifenstein, Jr.,
ecause Klinefelter's syndrome is not dethal mutation, a while research fellows with FulleAlbright in 1942, described
irge population will be exposed to a number of diseases botkhe clinical syndrome and suggested that it was a disorder
cquired and inherited. Therefore, although Klinefelter’s involving the sex chromosomes (1). Fourteen years later,

Imdrome has been reported to occur with a number of lessyhen the human chromosomal complement was finally
»mmon diseases such as alcaptonuria holoprosenceph-  established, some of their original patients were studied and
ly, it is difficult to conclude that the incidence of thedis-  found to exhibit an XXY karyotype (4). Thus the accuracy of
ase associations is greater than in the normal npopu-  the original investigators’ predictions became apparent.

Ixtlon (110-114). The classic XXY karyotype pattern usually arises from

nondisjunction of a maternal or paternal sex chromosome
Family and Twin Studies during the first meiotic division of either oocytes or sperm
(Fig. 44-8). Recent data from Jacobs et (125), who used

I'1 general, Klinefelter's syndrome is a spontanechro-  X-linked RFLPs in 32 XXY patients, demonstrated 53% of
10somal abnormality thought to occur duringametogene-  nondisjunction attributable to paternal meiosis | errors, 34%
is in one of the parents. However, several casemonozy-  to maternal meiosis | errors, 9% to maternal meiosis Il errors,

Iotlc twins have been reported, which suggests unique modegd 3% to postzygotic mitotic errors. Other mechanisms are
f transmission (115,116). One mterestlng report describes Rss common and include so-called anaphase lag, which
ontwin brothers who exhibited a mosaic form Klinefel- results in an isolated X chromosome eventually being
ar's syndrome, i.e.46,XX/47,XXY (5). Their mother also included in one of the daughter nuclei.

Ilsplayed a chromosomal mosaic pattern, i.¢46,XX/ An extremely rare cause of Klinefelter's syndrome is seen
7,XXX. Thus she appears to have transmitted 2chro-  in those unusual familial forms imvhich the mother is
wsomes to each of her sons. Whether this XXX/XX mosaic mosaic and has aXXX/XX sex chromosome pattern (5). In

lattern was also present in previous generations in the samgis example, the meiotic distribution of her sex chromo-
edigree could not be ascertained. Because her sex chromgomal XX/X pattern should lead to a 50% incidencline-
omal abnormality did not clinically impair her fertilitsta-  chfelter's syndrome in her children. Of all the factors that
us, transmission through female family members coulthave been identified to be involved in creating $apernu-

Iccur The 2 sons were infertile; therefore. passage througherary X-chromosomal pattern, maternal age seems to show
everal generations would be difficult. Furthermore, becausghe strongest correlation. Caruthers et al. (126) initiiden-

XX/XX females are common in the general population and
re usually fertile and because only 5 additional cases of

XY children with XXX mothers have been reported in the

‘nglish literature, this method of transmission appears t0 DEpme G&
are(117-120). eEl rS'I' v
Another possible pathogenic mechanism is suggested b meioficnondis junction / \ / \
he above family, as well as by the occurrence of monozygotic o XY 0
~ins with Klinefelter's syndrome. There is the possibility X oogsnan Spuriatoyuresis
hat there are some families or individuals who develop some
lactor that promotes chromosomal nondisjunction. ptes- TN
nt there is no concrete evidence for such a factor. Q(_X/
Although the hallmark physical finding of Klinefelter's 7N
yndrome is small, firm testes, which is directly associatedecond meiotic nondisjunction X X
vith the loss of seminiferous tubule function and impaired N /N
ertility, persistence of spermatogenesis postpubertally has X 0 ) (
. A . . . Qogeneéss
iccasionally been demonstrated in testicular biopspeci-
nens(27,121,122-124). Furthermore, in some instances
Iperm have been noted in the ejaculate. and fertility has XY
yeen reported by several authors. In most instanpater- Nondisjunction in the tfirst VRN
\ity was established by either blood grouping or HLA typingPestzygetc division A Yo
|121 124). It should be emphasized that each of the men XXy YO
s N
vith established fertility has been an examplemosaicism
vith the presence of an XY stem cell line in addition to the
bnormal stem cell line(s). None of thoffspring reportedof Anaphase lagwith inclusion X
I hese individuals with Klinefelter's syndrome hsubse- of the taggingchromancin a / /=Lagging chromatid
juently been demonstrated to have XXY karyotype.How-  davghter nucleus. —~
wver, the sperm and germ cells of thefertile patients have ~mei0sis or Mitosis \)-)/
wt been subjected to chromosomal analyses. Therefore.
lvhethcr diploid XX or XY sperm wouldz= capable ofertil-  Fig. 14-3. Fourerrorsn chromosomesegrezation thatlead o patterns
zation iS notknown. observed tnpatientswith ~linefelter’s syndrome
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BLE 44-4. EFFECT OMMATERNAL AGE ON INCIDENCE embryonic life, the X chromosomes may be active duting

KLINEFELTER'SSYNDROME early period of development. Therefore, the abnormalities
Incidence of  Present in patients with Klinefelter's syndrome could be ini-
Klinefelter's tiated during this time frame. Second, the inactivation of

ernal Age Syndrome extra X chromosome(s) is not randoand/or is not com-

'rs) (%) plete, such as in “ring” o“isochromosome” abnormalities.
0.9 These cells with increased X material then could give rise to
1.8 the abnormal phenotyp(131). Further evidence that Lyon’'s
51 original hypothesis does not completely apply to patients

m Ferguson-Smith(127). with Klinefelter's syndrome is the occurrence of patients

with the “poly-X” syndromes in which the abnormalities are
more severe as the number of X chromosomes are increased.
ad maternal age as being a risk factor. SubsequeFer-. Mosaic forms of Klinefelter's syndrome have been
son-Smith (127), using data from a prenatal genetic reportedto occur in10%-20% of the entire population with
eening study 06,023 patients who underweamniocen-  the diagnosis ofKlinefelter's syndrome(27,132-134). This
is, confirmed the maternal age effect (Table 44-4). On theercentage may be higher, because the mosaic pattern of the
ter hand, establishing paternal age as a factor has not bestem cell line may not occur in all tissues routinely studied
straightforward. In the study of Caruthers et. al. (126) nosuch as peripheral lymphocytes or the buccal mucosa. These
relation with paternal age was found. On the other handsell lines would be detected only by extensive examination of
nore recent study by Ferguson-Smith and Yates (1283ll available tissues, e.g., buccal smear, blleuckocyte cul-
wed a positive effect of paternal age in Klinefeltesyn- ture, and testicular biopsy with culture of the testicular
‘me. specimen.Mosaicism usually occurs when nondisjunction or
rrumbach and Conte (129) have suggested that maternal
is important because of the long diplotene stage of the
man ova. Because ovarein the first, meiotic prophase
m birth to ovulation, the length of the chiasma between
X and Y and the 21 chromosomes is decreased by the
g diplotene stage. This may predispose to the occurrenc
aondisjunction. Another possible influence in thdevel-
nent of nondisjunction is a familial factor allowing
reased liability toward nondisjunction occurring mei-
s or mitosis. In a study by Zang (121) of pregnancies in
iples who had a child with Down’s syndrome, 0.Zexhib-
1 various sex chromosomal anomalies. This percentage i
all, but because there is a known increase in occurrencd
1 second child with Down’s syndrome in mothers whose
t child wasafflicted with this syndrome even when the
ther is less than 30 years old, there is the possibility of
ne unidentified factor thacontributes to thenondisjunc-
1. This existence of a “nondisjunction” factor is alsag-
ted by the 2 siblings with Klinefelter's syndrome born to
mother with anXXX/XX mosaic sex chromosomipat-
n mentioned previousiys).
\nother issue that must be considered in the overall
hophysiology ofKlinefelter's syndrome is Lyon’shypoth-
3(130), which holds that there is a random gendnac-
ation of supernumeraryX chromosomes when more than
» X chromosome is present. This is based on obser-
ion that only one X chromosome remains active in a cell
or the first2 weeks of fetal life. This hypothesis worig-
lly proposed to explain why normal females with 2 X
omosomes and therefo22genes for each product did not
m more of these gene products than did males with only
ngle dose of the gene. Lyon’s hypothesis poses a problem
n, in ascribing the abnormalities of Klinefeltersyn-
me to the extra dose(s) of X-gene material. If true, then
of the extra X-chromosomal material should inacti-
ed and thuXXY individuals should have no more active
:hromosomal material than normal XY males.
«’[odxﬁcgtlons O.f thls.hypOtheSIS haveeen proposeq to Fig. 44-9. Pacient with mosaic form of Klinefelter's svndrome + XY/XXY).
-wer this question. First. because the sex chromscin bodyNote smaiii :estes with normal penile size, male hair distribution, and
irr body, is not presentuntil the second or third week of increasec lenzh of lower body segment.
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anaphase lag occurs in 47,XXY zygote. In general the The XXYY Disorder
mosaic subjects are less affected than the classic XXY coun-
terparts (Fig. 34-9). Various degrees and forms of mosaicisiatients with theXXYY chromosomal pattern are interest-
have been described (Tab44-1), and Sarkar anMarima- ing in that they represent phenotypically a cross between the
thu (130) have shown in a study of 85 patients wKline-  XXY and XYY syndromes. Their mean height is -9 cm
felters syndrome in which 70 were examples of mosaicismgreater than patients with the classic form of Klinefelter's
that the severity of the syndrome increases with the relativéyndrome and is similar to that XYY males (137). They
increase in the abnormal stem cell line population. The&xhibit a high frequency ofdelinquency and aggressive social
influence of mosaicism iespecially relevant in patients with behavior. They are more severely mentally retarded than
Klinefelter's syndrome who are fertile. Most of these patientsither XXY or XYY subjects. Their testicular development
possess a normal XY stem cell line present in addition to thiés very similar to that of the classic Klinefelter's syndrome,
abnormal stem cell lines. Detecting mosaic forms ofnd they are also infertile. They may have varicose veins and
Klinefelter's syndrome or any mosaic genetic disease can bstasis dermatitis with hypostatic ulcers as seen in men with
a formidable problem. Because mosaicism results in 2 oKlinefelter's syndrome but not in men with more thany2
more cell lines with different chromosomal constitutions, chromosomes. These individuals may comprise -3% of the
selecting the appropriate tissue to check for abnormal chrg=hromatin-“positive” males. This incidence may be under-
mosome constitution may be difficult. For example, the skinestimated, because a routine buccal smear would only show
and peripheral lymphocytes may not contain the abnormapne condensechromatin body such as is seen in XXgéno-
stem cell line, whereas the testes may. Therefore, the tr¥pic men. These individuals have been shown to develop
incidence of XXY mosaicism may be markedly underesti-from successivefirst and second paternal nondisjunction.
mated. This could raise such questions as whechromo-
somal analyses should be performed on testicular biops\XX Males
material from all infertle men. The answer is obviously
as a general rule, but the physician should hawigh degree The XX karyotype may appear in the female wgonadal
of suspicion when there is evidence of abnormal Leydig celdysgenesis, in a true hermaphrodite, or in a patient with the
function, behavioral abnormalities. or other features com-ciassic features of Kiinefelter's syndrome. The estimated
monly present in patients with Klinefelter's syndrome. incidence inthe male phenotypic population varies fromnin
9.000 10 1 in 20,000 men(138). This syndrome is of signifi-
cance in that it resembles Klinefelter's syndrome. Because
Additional Variant Subtypes of these men have testes and because the male differentiating
Klinefelter’s Syndrome factors have been considered to be present on the Y chro-
mosome, the question has been: Where is*“Y™ chromo-
Other variant forms of Klinefelter's syndrome have beensome? Therefore, the syndrome has elicited a renewed inter-
described that usually arise from consecutnondisjunc- est in finding the location of the genetic material, which is
tions in either oogenesis or spermiogenesis. A summary @fometimes called the testes-determining factor (TDF) that
these variants is given in Table 44-l. Several of the syndetermines the development of the testes (139).
dromes have characteristic clinical features. The XX syndrome is different from the classKlinefel-
The XXXXY syndrome is characterized by marked mentalter's syndrome in etiology, the former resulting from paternal
retardation, prepuberal testicular damage, cryptorchidismgamete meiotic translocation ¥fto X (i.e.. exchange cchro-
and skeletal abnormalities, especially proximal radial ulnamosomal material) and the latter usualynanating from
synostosis or overgrowth of the radial ulnar heads (135). nondisjunction during maternal germ cell meiosis. The rela-
Interestingly, the seminiferoutubules in the testes of tionship of theXX svndrome to the classicXXY syndrome
patients with the XXXXY disorder are usually hyalinized is significant, first, in that it demonstrates that the under-
prior to puberty. This is unlike the testes of patients withlying pathology is due to an extra X chromosome. Second.
the XXY form of the syndrome. Also these XXXXY boys although animal models of Klinefelter's syndrome are
have testes much smaller than those of their age-matchddown, they cannot be bred. The described XX SR (sex

peers. The scrotum may also be bifid and the phypo- reversal) in the mouse has been shown to be transmitted
plastic, consistent with a more severely retarded genitathrough normal males, thus providing an animal model in
development. Other systemic manifestations inclepican- ~ which to study the pathogenic features of the eX-chro-

thal folds. hypertelorism, cubitus valgus, and incurving of ~mosomal material in a male, but nnecessariy the pattern

the firth digit. Many of these patients also exhibmicro- of transmission.

cephaly. Phenorypically, patients with an XX-chromosomal pat-

Patients with theXXXY pattern can be classified by phe- tern exhibit low-normal to normal serum testosterone levels
notype and symptomatic characteristics somewhere betweetnd elevatedserum LH and FSH levels140). These patients
the ciassicXXY individuals and the more severXXXXY  also present withgynecomastia and small testes following
disordert 1:36). However. severe mental retardation is morepuberty. Usuallythey are azoospermic, althougin theearls
characteristicot the latter. Radioulnasynostosis may also  postpuberal periodsspermatogenesis may he present.
he prasent in patients with an XXX sex chromosomalpat- Abnormal skeietal proportionsand taurodontismare nor
tern. In these patients the gonadbefore puberty are similar ~ present. Cattanackt al.i 141) have developed a strain XX
1o X2y and XXY males. butcrvptorchidismis more common male micethathas beenused as an animal modeffor this
han the low accurrence N che classic patients with XXY sex disorder,
carnmosomal Dattern. Two predominant possibilities exist to explain this entity
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-ne possibility is that these patients were originaéxam- ous tubular fibrosis. Acquired forms of hypogonadism such
ies of the classic XXY syndrome but lost their chromo- as mumps orchitis or hyperprolactinemia can be differenti-
ome early in embryogenesis (142). This would allow the H-ated clinically from Kiinefelter's syndrome on the basis of
antigen production site to be turned on by a regulatory sitéormal skeletal proportions, lack of taurodontism, normal
n the Y chromosome before it was lost in some fashion, sucheight, and testes that are larger and softer than those of
s in anaphase lag. patients with an XXY chromosome pattern. However, other
The second possiblity would require a Y totransloca-  forms of hypogonadism that occur after puberty can be dif-
:on. However, for this to be the case the H-Y antigen shouldicult to distinguish from Klinefelter's syndrome, especially
e expressed in all subjects, and this was not found to b&om those patients with mosaic forms of Klinefelter's syn-
rue. It may be that the current tests available for detectingrome, unless more defnitive testing is carried out.
he H-Y antigen are not sensitive specific enough to detect Prior to puberty, the only consistent finding that would
he antigen in all cases. Recently Andersson et al. (139puggest the diagnosis of Klinefelter's syndrome is decreased
:sing a Y-specific DNA probepDP 105, showed that the Y testicular volume. Testicular volume has been showmeto
‘hromosome material may be located on the X chromosomeconsistently lower than that in normal boys of comparable
n XX males. The Y material present on the X chromosomeage; when testicular volume in boys older tharnyears is
wrobably contains the TDF, which may also control tgen- <1.5 ml, the diagnosis should be strongly conside(46,56).
ral regulating production of the H-Y antigen. de la ChapelleHypogonadotrophichypogonadal patients are not usually
:nd coworkers(139) used thepDP 105 oligonucleotide probe, confused, because their testes are of normal prepuberal size.
+hich hybridized to the metaphase chromosomes from 3 XX'he reason for this is that they may have normal, immature
nales and2 normal XY males (139). In the 3 XX males the germ cell numbers.
abel was clustered on the distal portion X;22. None of the Regardless of the results of any clinical diagnosis, actual
wrmal XX mitosesshowed a label on the terminal arms of demonstration of the chromosomal constitution is necessary
oth X chromosomes. These findings support the hypothesifor a completely accurate diagnosis. The most common,
hat in the XX syndrome the testes are present because t#pid, and inexpensive of these procedures is the buccal
ransfer of DNA from the Y to theX chromosome during smear (Fig.44-10}. Although this does not actualldemon-
aeiosis in the male. Because recombination occurs between

he distal short arms of the humaX andY chromosomes.
1 would not beunusual e see this syndrome occur witlreg-
ilar frequency. = @

A limited number of other sex chromosome aberrations . Q
such as47, XXX and47,Xi(Xq) Y, presenting with clinical
‘eatures Similar to Klinefelter's syndrome, have been
reported 1143). Because there are not enough examples of
:hese patients to characterize them as distinct variants of
Klinefelter's syndrome, their existence is only noted in Table
44-1.

CLINICAL APPLICATIONS

Diagnosis

A
The original description of this syndrome by Klinefelter et
al.(1) was based on clinical features and limited laboratory -y
lata. Subsequently, when these patients were examined for 3 ;»‘-‘,
their chromatin pattern by buccal smear or when tchro- AT
mosomes were determined through tissue culture, etiol-
gy of the syndrome became more specific. However, the
Jdiagnosis of Klinefelter's syndrome may be made witea- No e X
sonable accuracy, for several reasons. in the postpubertal LR AT g
male with hypergonadotrophic hypogonadism who exhibits - )
small, firm testes, certain characteristic skeletal proportions
and gynecomastia. First., patients with Klinefelter’'ssyn-
irome undergo puberty close to the same time as tunat- ¥
‘ected peers, whereashypogonadotrophic eunuchoidal
natientsand functional prepubertal castrate patients remain
vrepubertal. Second. the latte2 groups of patients develop
:rue eunuchoidal body proportions. have nobeard,and
maintaintheir prepubertal subcutaneous fat pattern. Third,
thetestes are usuallv small but softer than thoseot patients Fig. 14-10. Buccal smears from normal male A4+ and satient anch Kli
vith Klinetelter's svndrome, Who characteristically show Acfeiter’s .s_\‘r.ldmmc-B}. . 4“1).AThe appearance len;é::bg:\f'l‘ei:;l;:s orusl:
imall. Arm Cacorn” testes becauseot the marked seminifer- encs ol supernumerary X CRromosomes, ’ )
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0"__hg_gx co_i® den Lo the patient and family beyond the physical abnor-
Y72 Y A L ) ik '!j_: malities associated with Klinefelter's syndrome. Similarly,
1 2 3 4 ]

appropriate educational and occupational goals can be set
when needed to avoid subsequent frustration associated with
T e W AN e T e s e repeated failure as a consequence of the eX-chromo-
—xﬁr&xr\gh@t‘@ml_ﬁi_&“" somal material. Again, no guidelines have been described to
x . 14 s ° 10 1" 2 deal with Klinefelter's syndrome because of the wide range

. o~ am —_— e of intellectual capabilities in these individuals. Even with
S et e e .10 a— O €. the present lack of information, it is clear that no single pre-

3 U 18 had 7o determined therapy would be appropriate for all individuals.
. — T - Finally, the increased incidence of prenatal diagnosis raises
—%h——*% .. -_-..._-_,ﬁ_"-’::,_‘__'——-‘;ﬁ ,,,,, ] ‘% o the issue of termination of pregnancy. The physician needs
to present the available data with great care and understand-
%ig. 44~11. Karotype from lymphocyte culture of a patient with Klinefel- ing, particularly because adequate prospective studies are
er's syndrome, XXY sex chromosomal pattern. not available.

The issue of infertility needs tbe addressed with the par-
ents at the time of diagnosis.oil and when the problem of

.trate the chromosomal configuration, it does demonstrateinfertility is discussed with patients depend on their age and
hatan extraX chromosome exists by the presence of a Barunderstanding of the significance of the problem. However,
vody or condensechromatin material. However, because of we believe that patients with Klinefelter's syndrome should
olds in some buccal cells and other artifacts of fixation, annot betold that fertility is absolutely impossible: First, prior
nexperienced person may falsely conclude that the smearto puberty one cannot determine whether the patient may be
-hows achromatin-positive pattern. In that instance, the theunusual case of Klinefelter's syndrome who could fer-
nly definitive technique is chromosomal analysis by tissudile. Second, the patient's spouse may become pregnant at
-ulture (Fig. 44-11). The advantages of using chromosomabome time and unnecessary problems are created that have
.nalysis are its accuracy and the ability to study multipleno reasonable solution. In our experience, both patients with
1ssues. Accuracy iS important in confirming Klinefclter's  Klinsfelter's syndrome and their wives are quklated and
vndrome in screening program(27.33). Furthermore, the saristied with the pregnancy.
:bility to perform an examination on different tissues may
e the only way to identify the mosaic forms of the syndrome

. . ) (OIS0 ] Screening and Prevention
n which different stem cell lines exist in different tissues.

The existence of sex chromosommeosaicism may besus- If therapeutic intervention is to be undertaken early, appro-
sected when an intermediate number of buccal cells contaipriate screening programs are necessary. Also, because the
3arr bodies. For example, the presence5%-10% chroma- incidence of the disease 41 in 500 male births, the cost of
in-positive cells may indicate karyotype of XY/XXY, initial screening should be kept minimal. When maternal

vhereas> 10% chromatin-positive cells is characteristic ofage is a potential risk factor, amniocentesis should be per-
he classicXXY syndrome. Specific chromosomal analysis isformed to detect not only Klinefelter's syndrome but also a
isa necessary to identify such variants as XX maXXYY number of other chromosomal abnormalities. In this
nales, and XYY males. “Poly-X” disorders may bsug- instance complete chromosomal analysis is justified.

rested on buccal smear by the inactivated extrchromo- Another situation in which screening prior to puberty may
.omes appearing as additional “Barr bodies.” It is a rule thatbe useful is in boys with learning disabilities. A school nurse
he number of Barr bodies is one less than the numbé& of can perform a genital examination and thfurther confir-

:hromosomes. mation obtained by buccal smeand/or chromosomal anal-
ysis in those subjects with testes volur<1.5 ml or a his-
Counseiing and Family Management tory of taurodontism determined from dental records.

Indeed, all medical personnel who perform physical exami-
Jounseling and family management have been very difficultnations on prepubertal boys should be aware of the signifi-
ssues to deal with in Klinefelter's syndrome. In fact, rsys- cance of smaller than normal testes.
ematic prepubertal counseling studies have been reported A rhird group that should be considered for screening con-
ther than a series of case reports. Because amniocentesgists of preadolescent or adolescent males who have a history
ire being performed with increased frequensghen matemai of criminal behavior. Testicular size could hiee screening
e is>135 years and because maternal age is a risk factoend point. and postpubertally one can use the additional cri-
or Klinefelter's syndrome. increasing numbers of prenatalterion of boys>184 cm in height. The need to screen specific
siagnoses will be made.Whether prepubertal supportive groups such as infertle men has been considered previously.
svchiatric therapy will prevent or alleviate the behavioral It is clearthat great care and attentiono all of these issues

:isorders that may occur in these patients ifot known. should be considerecwhen screening is performeprepub-
{owever. because the antisocial behavior theseindividu- ertally or in individuals who are in trouble witlegal author-

Jdsis inversely related tcheir LQ., early recognitionof intel- ities.

wence deticits with appropriate supportive therapmay sig- The only means known at the present time prevent

1ncantly improve the nutlook tor these individuals (13). Klinetelter's svndrome, as opposed treventing or mini-
I the llagnosis IS made prior 1o puberty. the family and mizingits complication. is through terminatioof pregnancs
n=trctors will be alerted 1o the possibiiity of learning dis- tollowing diagnosis by amniocentesis;Given th= variable

ol ties so that appropriate treatment may lessen the bur- oute ime of the XXY karvotype, it is dirficuitto unsel the
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ntina dogmatic way. The physician shouprovidethe  decrease in testosterone secretion in Klinefelter's syndrome,
.lable information and assist the couple in arriving at awhich may be an exaggerated example of the decline in tes-
ision that is compatible with their attitudes. tosterone in the normal male with age. The only exclusion

is notfeasible to screen the population to identify iertile criteria for testosterone replacement therapy wouldthe

ales with such sex chromosomal abnormalities as arpresence of another medical problem, such as carcinoma of
X pattern who would be at increased risk for XXY off-  the prostate, that could be harmed by androgen administra-
ng, because of the rarity of such disorders. However. fion and in those instances in which severe mental retarda-
be reasonable to obtaikarvetypes on mothers of tion might be aggravateby the stress of normal libido asso-

ents with Klinefelter's syndrome. ciated with androgen therapy. However, even in the latter
case the increased stamina provided by testosterone therapy
Treatment may be helpful (144). Recent long-term follow-up studies
have shown that 80% of men benefited from testosterone
Arogen Therapy treatment as assessed by better mood, more energy and

drive, endurance, strength, better concentrating ability, and

. purpose of androgen replacement therapy in men witlbetter relations with others. Although these benefits occur
1efelter’s syndrome is severalfold. First, it is important to even when treatment is begun as an adult, ideally treatment
-ent such long-term clinical consequences of androgershould begin at puberty (24).

ciency as osteoporosis. Second, there is a need to improveOne precautionary note is that both the patients and their
decreased physical strength, endurance, and libido chapouses need to be adequately counseled with respect to the
ympany androgen insufficiency. Through theac:om- forthcoming change in sexual feeling and increased sexual
hments, the patient with Klinefelter's syndrome usually activity brought on by androgen theraf145). Both partners
slops animproved self-image, becomes momaggressive, may have established a comfortable sexual pattern and even
is more capabie of coping with life in general. Thus with counseling the sharp increase in libidan present a
rovement in psychosocial adjustment also becomes problem. Thus, when initiating such therapy, the physician
.of androgen replacement (Fig. 44-12). should carefully monitor the effects of treatment by seeing
imost all individuals with Klinefelter's syndromexave  the patients and their spouses more frequently than one
.ence of androgen deficiency regardless of sertestos-  would ordinarily do.

ne levels asevidenced by their elevated serum LEzvels The goal of replacement therapy is to minhe pattern of

ole 44-3), muscle weakness, timidity, ancdecreased testosterone level seen inormal males. Myers et al(146)

:d growth. Furrhermore, with advancing age there is a haveshown that there is a diurnal variation both total and

A

Sig, d4-120 0 Patent avich mlinefelter’s syndrome before treatm a0 4 and 1 vear ater testost=zrone treatment and sudbcutaneotis masectomy 1 5)
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large portionot the steroid is tightly bound tosex hor-
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that a

it is quite clear that there iS aneed tor prospective studies
in these patients at an early agMany individuals are

mone-binding globulin (SHBG). With testosterone replace- astounded that such little effort has been paid to a condition

ment therapy in Klinefelter's syndrom®lymate et al. (53)

that affects at least 0.2% of the male population. The chal-

have shown that not only do serum testosterone levels ridenge is there.

but SHBG levels fail. This means that 2 changes must be
taken into account in measuring the effects of androgen

replacement. For instance, a man receiving 200 mg of testoREFERENCES

terone enanthate intramuscularly every 2 weeks may have a
total testosterone measurement based on pharmacoki-
netics of the preparation of ng/dl at12-14 dayspostinjec-
tion. This level would ordinarily be considered too low, but,

because his SHBG may still be suppressed by the androger?'

administration, his free testosterone level may still be nor-

mal. Thus careful attention to the patient’'s response to ther-
apy is necessary to schedule the injection interval properly. 5
Several options are available for androgen replacement.
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Correction of Gynecomastia 14.

A final consideration of treatment is the management of clin-
ically significant gynecomastia. When handled properly,
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