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I. Introduction 

In 1942 Klinefelter, Reifenstein, and Albright described the features of a 
new testicular disorder. This syndrome was characterized by the presence of 
gynecomastia, azoospermia, varying degrees of Leydig cell function and ele- 
vated urinary gonadotropin excretion titers. Initially, the etiologic basis for 
these findings was obscure. In 1956 the observations of Uradbury, Bunge, and 
Boccabella and those of Plunkett and Barr (1956) suggested that an X- 
chron~osomal abnormality might esplain the pathogenesis of Klinefelter’s 
syndronic. These investigators detected sex chromatin bodies in  the buccal 
mucosal cell nuclei of such patients. The basis for h d i n g  sex chromatin 
bodies in certain phenotypic males was clarified by Jacobs and Strong 
(1959), who demonstrated an SSI’ chromosomal pattern in a patient having 
Klinefelter’s syndrome. Other S-chromosomal abnormalities have subse- 
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quently been demonstrated in this condition. Furthermore, additional features 
have been noted to occur with sufficient frequency to be included in the 
syndrome. 

The purpose of this report is to review certain clinical, chromosomal, 
histologic, and hornional findings encountered in Klinefelter's syndrome. 
Particular attention will be paid to the importance of S-chromosomal mosai- 
cism as a modifying influence in this disorder. 

11. Clinical Features  
The fundamental defect responsible for Klinefelter's syndrome is an over- 

dosage of S-chromosomes. Therclore, any phenotypic male who demonstrates 
two or more X-chromosomes plus a t  least one Y-chromosome in all or in part 
of his body tissues should be included in this syndrome. Functionally, the 
presence or absence of supernumerary S-chromosomes in the testis deter- 
mines whether or not seminiferous tubule and Leydig cell damage occurs. 

Classically, the salient features of this disorder include (1) small, firm 
testes, ( 2 )  varying degrees of eunuchoidism, ( 3 )  azoospermia, (4) gyneco- 
mastia, ( 5 )  mental abnornialitics, (6 )  chromatin positive buccal smear pat- 
tern, and ( 7 )  elevated urinary gonadotropin titers. 

The clinical and laboratory features in thcse patients are present with 
varying frcquencies. Table I is derived from a review of the English litera- 
ture which covered the dctails of 1028 adults'; with Klinefelter's syndrome in 
addition to 26 patients from our own laboratory (references 1-218).7 Certain 
important features are depicted along with their percentage of frequency. 
Mental abnormalities were not tabulalcd because specific or objective data 
were lacking in too many instances. 

Only those patients who demonstrated a chromatin-positive buccal smear 
pattern and/or evidence of an extra S-chromosome were included in our 
evaluation. Unfortunately this placed us in the position of excluding the 
patients originally described by Klinefelter cl al. (1942) and those docu- 
mented by Heller and Nelson (1945). Undoubtedly the majority of their 
patients were esamples of the syndrome, but strict adherence to the afore- 

'; For purposes of classification only thosc patients who wcrc at lcast 19 ycars of age 
werc tabulated. If no agc was stated in thc article, thc patient was includcd i1 thc dcscrip- 
tion was suth that hc could be considcrcd an adult. This arbitrary approach was taken 
to avoid thc problem of variablc pubcscencc. 

Any case presented in two or more reports is included only oncc in thc bibliography 
unless significantly new information was prcscntcd subscqucntly. Noncthclcss, such 
paticnts are considcrcd only oncc in thc tabulation. This review extends through calendar 
ycar 1966. 
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mentioned criteria was considered necessary if we were to exanline the litera- 
ture in a consistent fashion. 

The frequency with which certain features are described in any syndrome 
relates to the type of population being examined, the ability of the examiner 
to diagnose the syndrome, and his ability to detect and record the clinical 
and laboratory findings. The reported incidence of gynecomastia (SO?) in 
Klinefelter's syndrome illustrates one of these points. In two large series of 
adults with this syndrome, the frequency of gynecomastia was 25 and 33% 
(Raboch, 1964; Court Brown ct al., 1964). This contrasts with earlier con- 

' 

TABLE I 
Clinical and Laboralory Fcatures ita Kline/rltrr's Syrtdronie 

Paticnts 

Number 
Frcquency with Total 

Pathologic feature (70) disorder examined 

HistoloKic evidence of impaired spcrmatogcncsis 99 292 294 
Small tcstcs 98 465 476 
Azoospermia 95 194 2 06 
Elevated urinary gonadotropin titer 83 2 10 253 

Impaired libido and/or xxual potentia 66 113 172 

Retarded axillary hair growth 49 93 190 

Retarded facial hair growth 81 291 359 

Gynecomastia 50 237 474 

Retarded pubic hair growth 49 194 395 
lmpaircd scrotal dcvclopmcnt 28 27 97 

. . lmpaircd pcnilc dcvclopment 22 91 411 

cepts (Klinefelter el al., 1942; Heller and Nelson, 1945: Xelson and Heller. 
1945; Sniffen ct al., 1951) and with our own expxience, in which 23 of 26 
patients (88%) had gynecomastia. The reason lor this disparity is most 
likely due to the technique used for palpating the male breast. Many physi- 
cians consider that examining as for a mass in the female breast is adequate 
to detect the presence of gynecomastia. Pressing with the palm of the hand 
against the chest wall will enable the examiner to detect obvious instances of 
excessive breast tissue in the male, but less estrenie examples of this ab- 
normality will be missed. The correct procedure consists in compressing the 
subcutaneous tissue toward the nipple with the tips of the fingers. An area of 
increased consistency distinct from the surrounding soft tissue denotes 
gynecomastia. Nelson and Heller (1945) and Sniffen cl al. (1951) have 
studied in detail the histologic characteristics of gynecomastia. 

Defective spermatogenesis by histologic criteria is present in virtually all 

. .  
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. .  
patients (99%) with Klinefelter’s syndrome. This results in small, firm testes 
(usually less than 2.0 cm, but always less than 3.5 cni in length) in 98% of 
patients. Azoospermia represents the next most common finding (95yh). The 
frequency of these three features emphasizes the uniformity with which the 
fundamental defect, i t . ,  damage to the seminiferous tubules, appears in this 
syndrome. 

Except for the gynecomastia, the remaining abnormalities listed in Table I 
are related to decreased Leydig cell function and/or the variable response by 
each end-organ system to given levels of testosterone. Thus the secondary 
sexual characteristics usually develop unequally. For example, only 2 2% of 
adults with Klinefelter’s syndrome have a small penis whereas 81% exhibit 
decreased facial hair. 

* 

a 

, 

111. Chromosomal Studies 
A. BUCCAL SMEAK S u n v n  

Although the results of buccal smear surveys in new~orn males indicate the 
incidence of Klinefelter’s syndrome in the general population, it is difficult to 
correlate encountered S-chro~nosomal abnormalities with the eventual status 

TABLE I1 
Rrsults of a Buccal Snrcar Sirrocy in ,~otiiiislilvlionalizcd Adult Ilaks“ 

Total number of slidcs examined 1097 

Chromatin-ncgativc preparations not identifiable 8 
Corrected total males cxamincd 977 

Duplications 112 

Chromatin-positivc males 
I;b Chromatin-Dositive males 

2 
0.2 

From Paulscn ct al. (1964). 

of the mature testis. Consequently, we conducted a survey of noninstitutional- 
ized adult males who visited the outpatient department of a general hospital 
(Paulsen ct al., 1964). Along with our correlation we wished to test the 
following hypothesis: “Was i t  possible for a male with a buccal smear 
chromatin-positive pattern to exhibit normal testicular function?” 

Table I1 lists the results of our survey. Of the two males with a “positive” 
buccal smear, one was a typical example of Klinefelter’s syndrome. The other 
patient, P.S., with mosaicism, was of particular interest since he demon- 
strated verp little pathology. P.S. was a 61-year-old single Caucasian mer- 
chant seaman. Physical examination, including the secondary sex character- 
istics, was normal, except for the presence of an atrophic right testis. His left 
testis was normal in size and consistency. According to the patient, his right 
testis was of normal size until he developed unilateral mumps orchitis a t  age 
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30. Gynecomastia was absent. Bilateral testicular biopsy specimens were 
obtained, but seminal fluid examination was declined by the patient. Tissue 
from skin, peripheral blood, and left testis were analyzed for their chronio- 
soma1 Complement. He proved to be an example of SY/XSY mosaicism. 
(See Tables 111 and I\! for details of this patient’s ses chromosomal pattern.) 

B. CHROMOSONE STUDIES 
Since the results of our buccal smear survey indicated the importance of 

mosaicism in Klinefelter’s syndrome, we searched for other examples. During 
the past four years we have had an opportunity to study five additional 
patients with varying degrees of decreased testicular function who denion- 
strated XY/AXXY mosaicism. The methods employed for tissue culture and 
chroniosonie analysis were basically those of Moorhead cl al. (1960) for 
peripheral blood; Harnden (1961) lor skin; and Steinberger and Steinberger 
as described by Paulsen et al. (1964) for testis. Tables I11 and IV depict 
the data obtained from each of the six patients examined. 

Skin culture preparations were not adequate for analysis in three patients 
(R.S., W.B., and F.H.) but the buccal smear pattern was compatible with a 
pure S Y  chromosomal complement, Le., chromatin negative. In four patients, 
examination of the skin and/or buccal mucosa did not reflect the underlying 
X-chromosomal abnormality. More important was the fact that in three 
patienls the overdosage of S-chromosomes was detected only in llrc Icstis. 
Thercfore, in some instances, chromosonic analysis of multiple tissues is 
essential to the diagnosis of Klinefeltcr’s syndrome. 

The data from patient F.H. illustrate another important point (see 
Table IV) .  That is, in the presence of mosaicism, one of the stem-cell lines 
may be represented by only a few metaphase plates and still be considered 
significant. Furthermore, with mosaicism the ratio between the stem-cell lines 
may not be the same when repeat observations are made a t  different points in 
time. In this regard, the experience of Hecht el al. (1966) is particularly ini- 
portant to note. These authors found that a second analysis was required be- 
fore they obtained proper information. Their initial studies on an 1s-year-old 
phcnotypic male failed to demonstrate a 1’-chromosome. Further culture 
preparations revealed a stem-cell line containing a Y-chromosome in 17& of 
their metaphase plates. They concluded that their patient was an exaniple of 
XS/SXY mosaidsni. The basis lor this phenomenon in mosaicism has not 
been established. Some investigators have considered this to be an artifact of 
tissue culture. Cartler and Linder (1964) present evidence that suggests inter- 
cellular competition and selection occurring either in viuo or in  vitro may be 
rcsponsible for the variation seen in niosaic populations. 

‘ 

’ 
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Testicular biopsy specimens from 2 1 normal adult males were submitted to 
chromosome analysis and used as controls for our patients with Klinefelter’s 
syndrome. The results are given in Table V. Only 13 of 2368 cells contained 

TABLE I11 
Sex Clirottiosonic Complemenf in Palictifs willr A’P/XX 1‘ Mosaicisfit 

Patient A w  Skin Blood Testis 

D.M. 19 X S Y  XY/XXY XY /xxY 
P.S. 61 XY/xziY XY/XxYO XY/XxY 
K.S. 23 - XY/XxY XY/XXY 
K L S .  53 XY XY XY /xiY 
W.B. 54 - x 1’ XY/XXY 
F.H. 49 - XY LY/XXY 

a Originally (Paulscn € 8  d., 1964) w e  concluded that P.S. had a singlc stem-cell line 
(XY) in his pcriplicral blood preparation. Sincc then wc havc improvcd our technique 
lor counting chromosomes, i.c., photographing all mclaphase plates with a Zeiss photo- 
scope. Chromosome counts are made from a projection of thc ncgativc strip film. Re- 
examination of his preparation revcalcd X Y m Y  mosaicism. 

TABLE IV 
Analysis of hf etapliusc PhLcs f rom Testicular Tissuc of Palietits Exhibiting 

XY/SXl’ hi osoicitnr 

Chromosomal numbcr 

46 47 

Cells Cells Cclls Cells 
Patient counted analyzed coun tcd analyzed 

DN. 14 3 55 6 
H . S .  244 26 6 6 
F. H. 206 17 1 l b  
R.L.S. 148 14 10 10 
W.B. 108 1 7a 18 15C 
P.S. 31 8 10 10 

a One cell showed two X-chromosomes with a loss of an aulosomc. 
C * r  One cell with 48 chromosomes had an extra autosome plus two X-chromosomes. 

TABLE V 
Teslicular Chromosottzcs in Xornzal bf en 

hiumber of chromosomes Number Number 
01 subjects Age of cells <45 45 46 47 > 4 7  

2 1  2 2 4 9  2368 143 5 7  2256 11 2 

Cells analvzeda 

433 7 54 360 11 1 

a No X S Y  cclls were noted. 
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more than 46 chromosomes. No extra S-chromosome could be detected in the 
433 cells which were karyotyped. 

C. EFFECT OF SU&YY MOSAICISM ON CLINICAL AND LABORATORY 
FEATURES 

From the material summarized in Table I, those patients who did not show 
evidence of mosaicism on chromosome analysis were evaluated separately. 
The features of these patients were then compared with the clinical and 
laboratory findings of patients whose skin, peripheral blood, and/or testicular 
preparations demonstrated SV/sSl‘ mosaicism. The results of jhis com- 
parison arc depicted in Tables VI and 1’11. Although thc sample size for each 
category is small, the data suggest that there is less pathology in patients 
with X Y m Y  mosaicism. This is even morc striking when the histologic 
charactcristics of the testicular biopsy specimens are evaluated (see Section 
IV).  The following case study illustrates the alteration in the clinical features 
which can be seen in some patients with SY/XXS mosaicism. 

TABLE VI 
Comparison of the Frcguoicy of Certain Clinical Fcatitres itr Paticnts with S S I ’  and 

X Y / X X Y  bfosaicism (Adults)‘ 

Patients 

Number 
Frequency with Total 

Pathologic feature (%I disorder examined 

L ’ Facial hair, decreased or absent 
m’ 
XY/XXY 

XXY 
XT/XiY 

Pubic hair, decreased or absent 

72 77 107 
57 8 14 

61 76 I25 
46 6 13 

Axillary hair, decreased or absent 
XXY 46 50 108 
XY/XXY 30 3 10 

Length of penis, dccrcased 
XXY 
XV/SSl’ & 

41 50 12 1 
13 2 15 

Gynecomastia, present 

xi\’ 45 53  11s 
X Y / X i Y  36 5 14 

By statistical analysis (chi square) p = > 0.05 in each catcgory. I 
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TABLE VI1 

Comparison o/ Lhc Frequency of Testicular arid Ccrtain Hormonal Abnortwlitics 
in Patients wilh X,YY arid ,Yl‘/X,Yl’ Af osaicism (Adulls)a 

Patients 

Number 
Frequency with Total 

Pathologic icaturc t%) disordcr cxamincd 

Testicular histology, abnormal 
XXY 
XV/.XxT 

XiY 
XY/xXS 

XXY 
XY/XXY 

Lcngth of tcstis, dccrcascd 

Azoospcrnmiz 

Plasma tcstostrronc, dccrcascd 
XiY 
XY/;riXY 

Tolal urinary gonadotropins, incrcascd 
XXY 
XY/XxY 

100 53 53 
91 10 11 

99 152 153 
65 13 20 

92 22 24 
40 ‘ 2  5 

60 6 10 
40 2 5 

75 38 51 
100 5 5 

a By statistical analysis (chi square) p = > 0.05 cxccpt in the catcpory lcnpth o l  
tcstis p = < 0.01. 

W.B., age 54 (see Tables I11 and XI’), was admitted to the hospital com- 
plaining of tender gynecomastia, right breast, for 10 days. Further question- 
ing revealed a history of his having been aware of bilaterally enlarged breast 
tissue since age 16. Puberty began at  age 14-15 with no other apparent 
abnormality. At age 25 he developed mumps orchitis in the right testis. He 
claimed to have fathered two children prior to the episode of mumps and 
one child seven years after the orchitis. At age 42 he noted the onset of 
decreased libido and sexual potentia which led finally to complete loss of 
sexual interest. No change in secondary sesual characteristics had occurred. 
The only abnormalities observed on physical examination were the presence 
of bilateral gynecomastia and small, firm testes each measuring 2 cm in 
length (Fig. 1). 

Routine laboratory findings were within normal limits. Endocrine studies 
revealed: (1) increased urinary FSH (Steelman-Pohlcg assay) titers of 
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> 27.7 IU/24 hours, ( 2 )  decreased plasma testosterone of 0.1s pg%, and 
( 3 )  elevated serum LH (radioimmunoassay) of 54.1 niIU/ml (see Section V 
for details of hormone studies). 

It was not possible to study the genetics of the patient, wife, and children. 
Thus proof of his patcrnity could not be definitely established. 

Fic;. 1. Clinical pliulograph of patirnt \\..B. Thc abscnt thigh hair is due to llw surgi- 
cal ‘‘prqi’’  l o r  his trsticular biopsy. 
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IV. Histologic Studies 

Testicular biopsy specimens from patients with Klinefelter’s syndrome 
usually reveal a uniform pattern of seminiferous tubular hyalinization and 
fibrosis with aspermatogenesis. Careful inspection of serial cross sections of 
the biopsy specinien or the entire testis may uncover small areas that contain 
less severely dainaged tubules. Some contain just Sertoli cells; others m y  
exhibit spermatogenesis (Bunge and Bradbury, 1956; Grumbach et al., 1957: 
Witschi ct al., 1957; Ferguson-Smith and Munro, 1958; Steinberger et ai., 
1965).  Since testicular chromosome analyses were not performed in these 
instances the possible relationship between their findings and mosaicism could 
not bc determined. 

I n  order to evaluate the relationship between testicular morphology and 
SY/XSY mosaicism , testicular biopsy specimens were obtained from each 
of our six patients with SS/XSV mosaicism. A representative cross section 
from each specinien was selected for quantitation. All the seminiferous 
tubules were counted and tabulated according to their degree of pathology. 
Two additional patients with Klinefelter’s syndrome who did not demonstrate 
testicular chromosome mosaicism, R.B. and R.C., were studied in a similar 

* 

TABLE VI11 
Hislologic Quaiititation of Testicular Biopsy Specimens 

Spermato- Spcrmato- 
Patient Hvalinized Sertoli eonia cvle5 Spermatids 

XXP 1estcs 
- K.B. 196 3 1 3 

B.C. 63 10 - - - 

XY /xis teslcs 

D.M. 60 51 2 4 22 
R.S. 26 - 63 37 2 1  
F.H. 2 76 
R L S .  50 - 3 9 96 
\V.E. 380 
P.S. 67 - 5 2 34 

- - - - 

- - - - 

fashion. The results are listed in Table VI11 (also see Figs. 2-5) .  In four of 
the sis patiknts with XY/.L\T mosaicism, 1441% of the seminiferous 
tubules contained mature or maturing spermatids as the most advanced germ 
cell type. Other tubules revealed spermatogonia or primary spermatocytes as 
the most advanced cell type, while 11-527& of the tubules were completely 
hyalinized and acellular. These findings are in contrast to the marked degree 

. . 

, . 
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of damage noted in those patients with Klinefelter’s syndrome who are not 
examples of mosaicism (Ferguson-Smith, 1963). 

The reports of fertility in patients with Klinefelter’s syndrome offer further 
evidence as to the modifying influence of mosaicism. In  each of the three 
males whose fertility has been established, S’I’/sS’I’ mosaicism was present 
(Warburg, 1963; Dowling and Knor, 1963; Court Brown cl al., 1964). The 

% 

FIG. 2 .  Tcsticulnr biopsy qiccinicn from paticnt J’S., a11 cxanildc of XY/XXY mosuic- 
ism. Spcrrnatoycncsis is present with maturation to maturc spcrrnntids. In this porlion 01 
the biopsy spccimcn the pcritubular mcnibranes are not fibrotic. x 175. 

case report by Barr ct al.  (1962) is also consistent with this thesis. They 
investigated a mentally defective male who had S S , K X S Y  chromosomes in  
his skin, blood, and testis. Only minor alterations in spermatogenesis were 
detected on histologic esamination of his testicular biopsy speciincn. 

Two of the six patients (R.S. and l\’.B., Table IS) had severe tcsticular 
damage at the time of invcstigation; therefore, the mere prescnce of an Xl’ 
stem cell line in the testes of patients with Klinefelter’s syndronic docs not 
necessarily modify the degree of pathology. It may be that genetic phe- 
noniena such as penetrance or expression also enter into thc picture. 
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FIG, .i. Testicular bitqi.!. slircinicn iron1 palicnt \V,U., anothcr cxiniplc of xy 'xxy 
mosaicism. Thc scniinilcruus tut~ulcs arc conlplctcl>- liyalinicctl and germinal c c k  are 

abscnt. .4dcnomatous clunlping of LcydiF cclls can he sccn in thc intcrstitial spaccs. The 
incrcascd rcticulum surrounding thc hyalinizcd tubulcs suggcsls t l i a l  tlamagc occurrcd 
postpubcrally. X 1 7 5 .  

. 
FIG. 4 .  (a) Tcsticular biopsy spcdmen from paticnt R.L.S., XY/XSl' mosaic. In  this 

portion of the biopsy spcdmen there is moderate daniagc to thc scminifcrous t u b u h .  
hlaturc spcrmatids can be sccn in two of the tululcs. Lcydic cclls appcar to bc slightly 
incrcascd in number. x 250. (b) Low powcr vie\\., samc paticnt. X 175. 

. 
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FIG. .i. Tcsticular biopsy spccinicn irom paticnt R.U. ,  “purc” XXY. Thc scminifcrous 
Luhulcs arc complctcly hyalinizcd and dcvoid oi germinal cclls. In this paticnt Lcydig 
cclls arc morc fibroblastic in nature and distributcd uniformly throughout lhc inter- 
stitial spaces. x 175. 

V. Hormonal  Studies 

A. PLASMA ANDROGENS 
Leydig cell function was evaluated in patients with Klinefelter’s syndrome 

by measuring plasma testosterone concentrations. These results were then 
compared with values obtained from normal adult males. In  addition, A‘- 
androstenedione concentrations were nieasured by a double isotope derivative 
technique utilizing 14C indicator and 3H acetic anhydride (Gandy and 
I’eterson, 1968). The nonspecific blank of the method was 0.0017 k 0.0002 
(SE) and 0.0821 0.001 1 (SE) pg of steroid equivalent per 100 ml of 
water for testosterone and A‘-androstenedione, respeclivcly. Listed values for 
these steroids have not been corrected for thc blank. The coefficient of varia- 
tion for concentrations in the normal adult male range were 2.3% for 
testosterone and 10% for A‘-androstenedione. 

. .  
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I. Baseline Studies 

Plasma testosterone levels were determined in 25 patients with Klinefelter's 
syndrome (Table IX) . Each blood specimen was obtained with a heparinized 
syringe between 0730 and 0900 hours. The values ranged between 0.03 and 

TABLE M 
Plasma Tesfoslcroiie and A~-Androstcncdionc Lcvch in Patients with 

Klinejcltcr's Syndronae 

A'-Androstene- 
Buccal Testosterone dione 

. Paticnt Age smear (le%) (ys%) 
' PA. 26 + 0.23 0.09 

W.B. 54 - 0.18 0.16 
R.B. 19 + 0.14 0.06 
J.B. 38 + 0.22 0.17 
B.C. 36 + 0.32 0.3 1 
P.C. 38 + 0.32 * NT" 
G E .  21 + 0.45 NT 
F.H. 49 - 0.05 0.02 
Le. 22 + 0.23 NT 
JM. 41 + 0.07 0.04 
DM. 19 + 0.42 0.02 
JMc. 23 + 0.2 I NT 
M.M. 38 + 0.03 NT 

R N .  34 + 0.06 0.06 

ws. 45 + 0.10 NT 

H N .  66 + 0.42 0.14 

G.S. 22 + 0.15 0.23 

P S .  20 + 0.42 0.17 
J .Sc. 35 + 0.08 0.07 
J S. 2 2  + 0.45 NT 
KLS. 53 - 0.45 0.04 
RSt .  39 + 0.88 N T  
RSu.  23 - 0.47 0.2 1 
D.S. 19 + 0.3 1 NT 
W.T. 29 + 0.45 0.07 

Mean 0.28 0.12 

NT = no1 lcstcd. 

0.88 pg% with a Iwan of 0.28 p g p .  For comparison, the morning baseiinc 
plasma testosterone concentration of 60 normal males, aged 20-45 years, 
varied from 0.28 to 1.44 pg% with a mean of 0.67 r ~ g 7 ~  (Fig. 6).  

Briefer et al. (1965a) and Coppage and Cooner (1965) have previously 
reported that plasma testosteronc levels in patients with chromatin-"positive" 

. .  . .  
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Klinefelter’s syndrome are invariably lower than the levels encountered in 
normal males. On the other hand, Hudson et al. (1963, 1965) and Lipsett 
et ai. (1966) demonstrated overlapping bctween testosterone levels in nornial 
males and patients with Klinefelter’s syndrome. Our data also show that 
some patients with Klinefclter’s syndrome have testosterone levels that are 
comparable to normal adult male levels. 

Since Briefer ct al. (1965a) reported that patients with so-called chromatin 
‘kegative” Klinefelter’s syndrome have nornial plasma testosterone levels, * 

Patients with Klinefelter‘s syndnme 
1 

promotin 
negative* 

E 0.6- 
E s 

0.4 

0.2 

- 

0 
FIG. 6. Plasma testosterone basciinc levels in normal adult males and patients with 

Klinclelter’s syndrome. The paticnts have been divided into two groups according to 
their buccal smear chromatin pattern. 

we separated our patients according to their buccal smear pattern (Fig. 6). 
I n  the chromatin “negative” category, two patients had testosterone concen- 
trations in the normal range (0.45 and 0.47 pg%) while two others had 
values that were below normal (0.05 and 0.18 pg%). 

Our testosterone data plus the detailed chromosomal analyses mentioned 
previously in this report demonstrate that a classification of Klinefelter’s 
syndrome based on the chromatin pattern of the skin represents an irirpropcr 
line of division. 

Leydig cell function and any regression thereof, no effort was made to corre- 
late testosterone titers with the degree of secondary sexual development. 

Due to the inherent difficulty in correcting for the duration of postpuberal . .  
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However, from a clinical viewpoint only one patient was considered to be 
normally virilized and to exhibit normal libido and sexual potentia at the 
time of our examination (R.St., Table IS) .  

l’lasnla A4-androsteiicdione levels were measured in 16 patieiits with Kline- 
felter’s syndrome. Values ranged between 0.02 and 0.31 pgp  witb a mean of 
0.12 This compares with titers of 0.06-0.23 pgSb found in 41  normal 
men (Candy and Peterson, 1965). These data suggest that there is no signifi- 
cant increase of the testosterone precursor, androstenedione, by the Leydig 
cells of patients with Klinefclter’s syndrome. 

2. Responsc t o  IZurnarr Clioriortic Gonadotropin (IZCG) A dttrirtistration 

Hudson ct al. (1965), Briefer cf ai. (1965b), and Lipsctt cl ai. (1965) 
have concluded that plasma testosterone levels do not significantly increase 
when HCG is adiiiinistered to patients with Klincfclter’s syndrome. Thus the 
Leydig cells of these patients may already be maxinially stiiiiulated by endo- 
genous gonadotropin. These observations, however, are a t  variance with the 
observations of Leach ct al. (1956) ,  Leon ct al. (1959) ,  and Paulsen (1965), 
who demonstrated either increased sexual development, increased 1 ?’-keto- 
steroid excretion, increased urinary estrogen excretion or mitotic activity 
of Leydig cells after long-term HCG administration. In order to study 
this problem further, 5000 IU of HCG was administered to 8 normal adult 
niales and 10 patients with Klinefelter’s syndrome as a “1-day test.’’ 

Plasma testosterone was measured prior to and 8 hours after HCG adniinis- 
tration in each subject (Fig. 7 ) .  A distinct rise in plasma testosterone con- 
cenlration occurred in three of the patients with Jilinelelter’s syndrome 
(increments of 0.22, 0.34, aiid 0.37 pg‘/.). KO change or a decrease in tes- 
tosterone levels was observed in the remaining eight patients. Tn the normal 
males, testosterone concentration increased significantly in four, remained 
essentially the same in two, and decreased in two. 

Since Leydig cell stimulation was not uniform in the normal males, the 
study was repeated and the duration of HCG administration was extended to 
4 days. Blood saniples were obtained prior to HCG administration and a t  
1600 hours on each of the 4 days (Fig. 8).  Plasma testosterone levels steadily 
increased throughout the 4 days in all but one of the normal men. Testos- 
terone values on the fourth day were from 0.20 to 1.01 pg% (mean 0.71 
pgr/O) higher than control values. Six of the eight patients with Klinefelter’s 
syndrome responded to the HCG administration. In  these patients plasma 
testosterone levels reached a peak on day 3 and declined on day 4. The 
testosterone levels on day 3 were higher than control levels by 0.26-0.73 pgyh 
(mean 0.4 1 pg? ) . 

. 
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Normal males Klinefelter's syndrome 

Houn Hours 

FIG. 7. Plasma testosterone levels in normal males and patients with Klinefelter's 
syndrome &fore and after administration of human chorionic gonadotropin (HCC). 
HCC was injected intramuscularly bctwecn 0800 and 0830 hours after the control plasma 
sample was obtained. 

Klinelelter's synbome 

o.2L O I  2 3 4  
b w Days 

FIG. 8. Plasma testosterone levels in normal malm and patients with Klinefelter's 
syndrome during 4 days of human chorionic gonadotropin administration. HCG Was 
administered cach morning for 4 days (So00 IU a t  0800 hours). 

1 2 3 4  
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These data demonstrate that the Leydig cells in patients with Klinefelter’s 

KLINEFELTER’S SYNDROXIE AND ITS VARIANTS 

syndrome can respond to HCG stimulation but have a limited reserve. 

B. URINARY GONADOTROPIN EXCRETION 

The urinary gonadotropin excretion titers of our patients with Klinefelter’s 
syndrome were studied by two methods (Table X).  Total or general gonado- 
tropins (GGA) were measured by the method of Albert (1956). This tech- 
nique determines the combincd biologic effects of FSH and ICSH or LH. In 
seventeen patients the GGA titers varied from 2.8 to 17.6 mg-eq of UPRI-1 

TABLE 1; 
Urittarj. Gonadotropin Ercrcfion Titers L a  Patictats with Klincfcltcr’s Sytadronrc 

.* 

CGA” FSHb 

- 74.5 
73.1 

3.7 
2.8 

36 6.6 

A EC (ma-eq UPM-1/24 hr) (IU/24 hr) Patient 

54 W.B. 
R.B. 19 

H.B. 62 
B.C. 
P.C. 
K.C. 48 
G.E. 21 

49 13.4 FH. 
45 16.0 WJI. 

D.L. 19 17.6 

J.M. 41 
D M .  19 
J.Mc. 23 
M.M. 
1V.N. 
G.S. 22  
W.S. 
J.S. 22  

53 9.5 I< .LS. 
39 10.0 KS1. 
23 4.9 78.5 K.Su. 

D.S. 19 s .s 

a Tutal or general gonadotropin assays performed by mclhod 01 Albcrt (1956). Rcsults 
are expressed as milligram-equivalents of thc NIH standard, UPM-1. Normal range for 
adult males: 0.7-3.8 hg-eq. per 24 hours. The  computer program of Thorslund and 
Paulsen (1963) was used for stalistical analysis. 

FSH assays performed by the method of Steelman and Pohley (1953). In  our assay 
SO IU of HCG was used as the “priming” dose. Results are expressed in terms of the 
FSH potcncy established for the 2nd I.R.P. Normal ranKe for adult niales: 3.8-20.0 I U  
per 24 hours. 

- 
- 
- 

R.Bau. 2s 

- 
132.5 

1.7 56.0 
131.7 
201.6 
69 .O 

140.0 

- 71.2 
38 6.3 

195.8 22 16.2 
13.6 76.7 

45 5.6 S7.6 
- 63.9 

124.2 

38 11.1 

- 

- 
- 
5.1 58.0 

- 

- 

- 
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per 24 hours (range for normal adult males 0.7-3.8 mg-eq). The single 
patient with a normal GGA titer (2.8 nig-cq) was a typical example of 
Klinefelter’s syndrome. Clinically, his Leydig cell function was considered to 
be normal, but plasma testosterone was not measured. He was of average 
intelligence and there was no evidence of either central nervous system ~ s e a s e  
or a generalized catabolic disorder. His testicular biopsy specimen revealed 
complete hyalinization of the seminiferous tubules. 

Specific FSH titers were measured in sixteen patients by the Steelman- 
Pohley (1953) method. Elevated titers were noted in each patient. These 
varied from 56.0 to 204.6 IU per 24 hours (range for nor?al adult males 
3.8-25.0 IU per 24 hours). 

Although the details are not clearly understood with respect to the inter- 
relationship between FSH secretion and germinal cell activity (I’aulsen, 
1968), i t  stands that in the presence of significant primary seminiferous 
tubular disease, such as occurs in Klinefelter’s syndrome, FSH levels are 
elevated. Thus i t  was not surprising to find uniformly elevated FSH levels in 
our patients. 

There are considerable data to support the csistence of a negative feedback 
mechanism lor the regulation of LH and testosterone levels (Lipsett and 
Korenman, 1964; Kirshner et al., 1965; Lipsctt cl al., 1966). Urinary LH 
assays were perlornied only rarely in our patients, therefore we have not 
tabulated our results. IIccker and Albert ( 1965) documented increased 
urinary FSH and L H  levels in one patient with Klinefelter’s syndrome. Infor- 
mation is lacking, though, with regard to simultaneous comparisons between 
LH levels and plasma testosterone concentration. To examine this issue, we 
turned to the sensitive radioimmunoassay tcchniquc for measuring serum LH 
levels. 

. 

. 

. 

. 

c. RADIOIMMUNOASSAY STUDIES 

Serum human luteinizing hormone (HLH) was measured by the double 
antibody radioimmunoassay technique (JIorgan ct al., 1964) as adapted for 
human chorionic gonadotropin (HCG) and HLH (Illidglcy, 1966). Anti-HCG 
antiserum was prepared and absorbed accordill:: to the method of Ptlidgley. 
Specificity of the absorbed antiserum to purified HCG was established by 
immunoelectrophoresis. 

Each seruni sample was assayed in duplicate; most samples were assayed 
three or more separate times. The average interassay variation for the indi- 
vidual means was 10.7%. During our studies a normal male serum pool was 
measured in each assay for internal control. The mean HLH value for this 

, 

. 
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pool in terms of the second international reference prcparatio~i was 14.3 niIU 
per ml 4 1.2 (SD). 

I n  order to establish baseline values for normal adult males in our labora- 
tory, the sera from 72 men were assayed for HLH titers. Thirty-four of the 
men were proved to be normal by physical examination, seminal fluid studies, 
and/or plasma testosterone determination. The remaining 38 men were 
judged to be normal by history and general appcarance. Since the results for 
each group were similar, their serum HLH titers wcrc combined (Fig. 9). 
The mean serum HLH was 10.8 niIU/ml (range 4-19 niIU). These data 

Ir 3 IO 

Mean 10.8 mIU/ml 
Range 4- 19 

HLHbnlU/rnl) 

FIG. 9. Scrum HLH lcvcls in 72 normal adult mala. In somc nicn multiplc serum 
specirncns wcrc assayed. 

comparc favorably with the values obtained by Ode11 ct al. (1967). Their 
normal range varied between 4.8 and 25.6 mIU/ml. 

Scruin HLH titers were nicasurcd in twenty patients with Klinefelter’s syn- 
drome. Elevated levels ranging from 21.2 to > 128 niIU/nil were present in 
all but one patient (Table XI).  Comparison of these values with plasma 
testosterone levels obtained from the same blood sample revealed that serum 
HLH titers were increased in 10 paticnts despite evidence of normal testos- 
terone levels. 

Although hlidgky (1966) and Ode11 cl al. (1967) demonstrated that no 
cross-reaction existed between FSH and HLH by immunoassay, it is possible 
that the high FSH titers present in our patients with Klinefelter’s syndrome 
influenced our assay of their serum HLH titers. Therefore, additional studies 
of our assay technique were performed. First, a patient with Sertoli-cell-only * . 
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syndrome was evaluated. Patients with this defect exhibit elevated FSIf 
leveb but have normal urinary LH excretion titers since their testicular lesion 
is confined to the senliniferous tubules. The serum HLH level of the patient 

TABLE XI 
Cornparkon between Serum HLEI and Plasma Testosterone Levels in Palicrrls with 

iilinejellcr's Syndrome 

Plasma 
testosterone" 

Serum HLH" 
(mIU/ml) 

Patientb RangeC Mean (BP%) 

W.R. (53.0- 56.0) 54.1 0.18 

J.B. (28.0- 34.0) 30.9 0.04 

B.C. (54.0- 80.0) 67.0 032 

P A .  (13.2- 22.6) 16.5 0.23 

W.B. (25.5- 50.5) 42.9 0.14 
R.B. (335- 61.0) 48.2 0.14 

P.F.C. (> 128) > 128.0 . 0.32 
C.E. (30.0- 61.0) 53.0 0.41 
GE. (34.8- 38.1) 36.0 0.45 
F.H. (34.5- 452)  41.0 0.08 
JM. (31.0- 37.2) 34.2 0.05 

JMc.  (52.9- 54.0) 535 0.2 1 

CS. (42.0- 86.0) 65.0 0.15 

li?.S. (> 128) > 128.0 0.10 
w.s . (61.5- 64.0) 62.7 0.12 
J.Sc. (24.0- 338)  29.1 0.0s 

DM. (24.0- 32.0) 28.7 0.42 

H.N. (32.0- 44.5) 39.4 0.42 

W.S. (28.1- 44.0) 36.0 0.24 

JSe. (31.0- 52.9) 49.2 0.23 
J.Se. (29.5- 383)  35.1 0.45 

RSu.  (18.0- 235)  21.2 0.47 

DS. (70.0-100.6) 90.2 0 3 7  
W.T. (22.6- 24.0) 23.3 0.45 

R S t .  (31.0- 40.5) 34 .O 0.88 

RSu. (34.0- 44.0) 39.0 035 

Serum and plasma were obtained from the patient at the same time. 
See Table IX for ages of patients listed here. 
Each scrum sample was assayed for its HLH titer in two to five separate assays. 

evaluated wac in the normal male range (Fig. IO), which offers additional 
evidence that elevated FSH levels do not interfere with the measurement of 
HLH by radioimmunoassay. Also the serum of a hypophysectomized male 
revealed undetectable levels of HLH. This indicates that we are not detecting 
nonspecific factors in our assay procedure. 
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Finally, a purified human pituitary gonadotropin preparation (LER 7808) 
with an LH bioassay potency of 430 IU/mg was compared to the second 
international reference preparation (2nd IKI’) (Fig. 1 1 ) .  LER 780 by bio- 

TABLE XI1 
Contparisotc betwcert Serutrt IILII and Plasma Tesloslcrortc Lcvcls it t  A’onaal bf ctt 

Plasma Serum HLH” 
(rnIU/ml) testosteronea 

Subject Rang@ Mean (IC%) 

hl .B . ( 7.2- 7.8) 7 .5 0.45 
W.B, ( 8.3- 8.4) 8.4 . 0.94 

W.B. ( 7.4- 7.7) 7.6 0.91 
w.n. (10.0-12.5) 113 1.13 
L.B. (10.0-10.2) 10.1 0.59 

L.C. ( 6.6-10.5) 8 .O 0.70 
E.E. ( 7.3- 9.5) 8.4 0.97 

C.H. ( 5.5- 6.0) 5.8 0.3 1 

W.B. ( 8.6- 9.2) 6.9 1.20 

R.C. ( 7.7-10.5) 9.1 0.5 1 

T.F. ( 7.5- 9.4) 8 .s 0.55 

E.J. ( 9.2-12.2) 10.7 0.55 
EM. ( 9.2-10.8) 10.0 0.50 
R N .  ( 6.0- 7.2) 6.6 0.3 1 
R N .  ( 72-19.0) 13.1 032 
R N .  ( 8.8- 9.2) 9 .O 036  
R.N. ( 7.7- 8.0) 7.9 0.42 
C.P. ( 6.4-10.7 ) 9.6 0.56 

WS. (11.4-14.5) 13.0 0.75 
\YS. (11.7-12.5) 12.1 0.79 
W.S. (14.8-16.2) 15.5 0.67 
A S .  (10.0-13.7) 15.5 032 
R.S. (15.0-16.3) 15.7 0.67 
R.S. ( 12 3-2 1.0) 16.6 0.57 
S . S .  ( 10.4-14.7) 12.6 0.64 
J.Z. (11.0-14.7) 12.9 0.5 1 
3.2. (12.5-14.2) 1.3 4 0.79 
J.Z. ( 1 1.5-14 2) 12.9 0.59 
J.Z. (10.7-12.5) 11.6 0.75 

\YS. ( 6.5- 7.8) 7 .2 0.52 

Serum and plasma were obtained from the patient at sanie time. 
* Each serum mmple was assayed for its HLH titer in two to five scparatc assays. 

assay has an FSH/LH ratio of 3 : l  whereas by definition the FSH/LH ratio 
of the 2nd IRP is 1:l .  The dose response curves are comparable, again sug- 

8 Prcparcd by Lco E. Reichcrt, J r .  and supplied by thc National Pituitary Agency. 
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gcsting that alterations in FSH/LH ratios do not influence the determination ' 
of HLH by radioimmunoassay. 

Another point that deserves attention concerns the interpretation of plasma 
testosterone levels. Docs the presence of a normal plasma testosterone con- 
centration indicate normal testosterone production? Hudson et 41. ( 1964, 
1967) examined this problem, and their observations suggest that no major 

7ot 

Serum HLH (m 1U/ ml) 

FIG. 10, Serum HLH assay results in a male with Sertoli-ccll-only syndrome and a 
nialc after hypophysectomy. The shaded area indicates our normal male rangc. 

pl postmenopow1 serum 
12.5 25 50 100 203 

100 r 

70 LER 780 IRP P 
E 60- 
f 5 0 -  

40 - s 
30 - 
20 
40 

Portmenopousal 

- 

I 2 4 8 16 32 64 128 
0 

m IU/ml 

FIG. 11. The LH potency of thc second international rcfcrcncc preparation and LER 
780 by radioimmunoassay. FSH/LH ratio of 2nd IRP = 1 : l ;  LEK 780 = 3 : l .  

. .  
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discrepancy exists in males betwecn plasma levels and production rate. Xormal 
males and five patients with Klinefelter’s syndrome were included in their in- 
vestigation. However, patients with Klinefelter’s syndrome who exhibit irorntul 
testosterone levels associated with diriiinislred secondary sexual characteristics 
have not been investigated thoroughly. It is possible that in our ten patients 
testosterone production was significantly reduced while plasma testosterone 
levels were only affected to a minor degree. If so, the serum HLH levels 
would serve as a more accurate and sensitive indicator of Leydig cell func- 
tion than plasma testosterone levels. More study will be required to resolve 
this issue. 

VI. Conclusions 

1. The clinical features of Klinefelter’s syndrome may be less sevcrc when 
sex chromosomal mosaicism exists. 

2.  The presence of an LYY stem-cell line in the testis is associated with 
Klinefelter’s syndrome even if it  cannot be detected in the skin and/or 
periphcral blood. 

3. Despite the presence of normal plasma testostcrone titers in  some 
patients, the elevated serum HLH levels suggests that Leydig cell function is 
abnormal. 
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DISCUSSION 

c. G. Heller: ‘The slides of testicular biopsy spccimcns that Dr. Paulscn showcd US 
rsealcd two different situations as far as Lcydig cclls arc conccrncd. Onc group rcvcalcd 
chmping of the Leydig cclls in largc niasscs, which sufigcsls an incrcasc in the total 
narnbcrs of Lcydig cclls. Thc othcr group rcvcalcd a dillusc distribution of the Lcydig 
cells-again, howcvcr, suggcsting an incrcasc in nunibcrs. Joycc Pearson, in our labora- 
tor). is underlaking a study in which Lcydig cclls arc bcing quantitatcd. For Klincfeltcr’s 
syndrome, rciating total numbers of cclls to total numbers of scminilcrous tubulcs (thc 
tubules bcing considered as thc constant) we find t w o  situations. One in which Lcydig 
cclk arc indeed not increased in total numbers occurs whcrc the cells are distributcd 
evenly. The apparcqt increase is accounted for by thc dccrcasc in dianicter and length 
of the t~bulcs .  In thc sccond situation, in which a grcat dcal of clumping is cncountcrcd, 
there is indccd a very grcat incrcasc in total nunibcrs OI Lcydifi cclls versus thc normal 
testicular biopsy. Thus in Klinclcltcr’s syndrornc onc finds instanccs of normal Lcydig 
ccll nunibcrs as wcll as instanccs of incrcasctl Lcydig ccll numlcrs. Thcsc findings might 
well corrclatc with thc amount of tcstostcronc produccd by thc tcstcs in Klincfcllcr’s 
svndromc as dcnionstratcd by Dr. I’aulscii. 

c. A. Paulsen: Thc studics which you mcnlioncd arc quitc intcrcsting. J .  UT. Sargcnt 

’ , 
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and J. R. McDonald [Proc. Muyo C h i c  23, 249 (1948)l proposed a similar mclhod for 
thc quantitativc estimate of Lcydig cclls in the human tcstis. Preliminary studies were 
carried out in normal malcs and patients with testicular disorders, including Iilinefelter’s 
syndromc. These authors concludcd that the number of Leydig cells was not increased 
in paticnb with Klincfcltcr’s syndromc [J. W. Sargent, Master’s Thcsis, Mayo Clinic 
(1949)l. Since thcir study oI Klincfcltcr‘s syndronic was somewhat limited, I am glad 
to scc further work along this linc. 
[Addettdum nolc: Paticnt W. B. (scc Fig. 3) cxhibitcd adcnomatous clumps oI Leydig 
cells; his plasma testostcronc titer was 0.18 7;. Patient R. B. (see Fig. 5 )  exhibited 
diffusely distributed Leydig cells; his plasma tcstostcronc titer was 0.14 pg 70.1 
C. G. Heller: Only yesterday I had a discussion with Dr. Lloyd about one point 

that you made. It’s a point that I ncver really thought about before. That  is the coni- 
ment that, no matter how niuch you trcat people having this syndroni‘c, sonic arc never 
brought to normal. I find that this applics to I(lincfc1tcr’s syndromc, and also to each 
of the syndromes of hypogonadism we cncountcr. Some individuals, no matter how much 
or  110w long you trcat thcm, do not achicvc normal facial hair growth. Other secondary 
sex characteristics of thcsc individuals respond rattier rapidly and do maturc normally. 
You may wonder why facial hair should be so important. Not jrst facial hair but also 
facial expression is important to thc individual, and I rclntcd to Dr. Lloyd UIC case of 
a young attorney horn Vancouver, B. C., who w a s  satisficd with thc physical response 
to thcrapy, as was I, until lie joincd thc Canadian diplonintic corps. Whcn hc had to 
dcal with other diplomats, he thought he was at  a tremendous disadvantage to have a 
baby face and not to be shaving. As his Carecr devcloped and he was dcaling with 
higher and higher authorities hc came back morc frcquenlly for additional trcatment, 
but we never were ablc to achicvc coniplcte normalcy. 

Ih. Paulsen mcntioncd his tissue culturc but  he did not mcntion exactly what cells 
hc is counting. I would like additional information. 

As to the onset of Eiinclcltcr’s syndronic, we can confirm that the tcstrs can indced 
bc normal as can urinary gonadotropins a t  about thc timc 01 pubcrty. Wc havc one 
examplc of a youngster that wc followed from bcforc pubcrty, through pubcrty until 
hc dcvclopcd Klinefeltcr’s syndronic at about l i -18  years of age. At this timc he had 
the entire syndromc. His ‘gonadotropins before pubcrty were absent, after puberty they 
were normal, and after he developed Klincfeltcr’s syndrome they were elevated. I was 
very glad to sec the revision of Dr. Paulscn’s human chorionic gonadotropin test. He 
again showed the 8-hour tcst which was quite unsatisfactory. We have been very critical 
of this 8-hour tcst bccause in our own laboratory we find that the first significant rise 
in urinary testostcronc and/or estroecn cxcrction occurs a t  4 days, and the pcak is 
reaclicd in 7 or 8 days. Apparently Dr. Paulscn bccamc aware of this himsclf, having 
dcvclopcd I &day tcst which I accept as I)cinE totally satisfactory. 

C. A. Paulsen: Briefly, thc nictliod for tcsticular t isuc culturc is as follows: (1)  A 
portion of the biopsy spccimcn is minced and trypsinizcd. ( 2 )  The cells arc then placcd 
into T C  mediuiii 199 and 20% fetal calf scruni. (3)  After centrifugation, thc cclls are 
rinscd in Hank‘s solution and rrsuspcntlcd i n  thc culturc mcdia. (4)  Incubation is car- 
ried out a t  37’C for approximately 7-10 days. ( 5 )  Initially thc culturc solution contains 
500,000-700,000 cells pcr niillilitcr of mcdia. 

Identification of the cells which multiply under thcsc conditions has not lrccn fully 
established. Virtually all cclls revert to a fibroblastic form whcn cultured in monolayer, 
thus morphologic cliaractcrization is not possiblc. Available cvidcnce indicates that germ 
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cclk do not survive. E. Stcinbcrgcr, 0. Vilar, and .4. Stunbergcr [Program &‘fh iMecling 
Ettdocrinc Soc., p. 58 (1965)l dcmonstrated th3t rat tcsticular cclk in monolayer gi\’c a 
positive cytochcmical reaction for 3f3-ol-dchydrogcnasc. This rcsult suggests that we are 
analyzing the chromosomal configuration of Leydig cells. It is possible that other cellular 
elcmcnts from the interstitial spaces arc also involved. 

In  regard to when thc pathologic features develop in Klinclcltcr’s syndromc, I would 
agree that this time can be variablc. In  most paticnts pathology is evident at puberty 
or very shortly thcrcaftcr. In some paticnts damagc is not manifest until latcr in hfc. 
From our limited experience, a delay in dcvelopnicnt of testicular dysfunction is not 
necessarily confined to those patients who exhibit XY/XXY mosaicism. For example, 
patient U.C. in our scrim (singlc stem-ccll line XS1‘) statcd that his testcs wcrc of 
normal suc  until circa agc 28. Furthcrmorc hc daimcd to havc produced two children. 
Unfortunatcly we were unable to study thc gcnctics of his family to substadtiale his 
statcmcnt. Uut we did not havc any rcason to doubt his history. M’c visualize that many 
factors influence the ratc and dcgrcc with which pathology dcvclops in Klincfcltcr’s 
syndromc and liken this to the situation that cxists in diabctcs nicllitus with its variablc 
pat tern. 

C. W. Lloyd: I would like to cxtcnd the discxsion Dr.  Hellcr and I ,had ycstcrday. 
This is apropos of your commcnts about thc possibility that the tcstostcronc ICWIS 
within thc normal rangc may not bc normal for thcsc individuals. I think this is possible, 
but it sccms to bc a risky hypothesis unlcss thcrc is other cvidcncc. Havc you any data 
to support this? One simplc experinicnt would sccni to nic to bc to show that iI you 
rake the testosterone lcvcl by cxogcnous therapy you would bring thc L H  down. You 
did not mention this. If this were on thc basis that the hypothalanius has a diffcrcnt 
setting, thcn raising the tcstostcronc vcry high ought to bring thc LH down. In other 
words, this would be analogous to thc Cushing ACTH situation. As Dr. Hcllcr said, 
hcsc mcn don’t really gct complete rcplacemcnt when you givc thcni tcstostcronc in vcry 
l a w  doses. Thcy still don’t prow normal beards. It niakcs mc wondcr wlicthcr wc 
might not havc a situation in the human analogous to what you Iiavc in thc rat  d c r c  
thc mother is treated with an antiandrogcn and you prcvcnt masculinization of the fctus. 
Thcrc is cvidcncc that this animal is not normally scnsitivc to androgcns as is an adult. 
Perhaps in this particular strain of human wc havc an cxpcrimcnt in which in carly 
f c h l  lift thcy did not get the usual squirt of androgen, whcncvcr it comcs, and thcrcforc 
 CY did not dcvclop normal scnsitivity of andropcn-rcspoiisivc tissucs. 

C. A. Paulsen: With regard to your sccond conimcnt, I havc no furthcr information 
to add. In regard to your first point, we havc mcasurcd total urinary goriadotropin 
excretion titcrs in some of thcsc paticnts bctorc, during, and aftcr parcntcral tcstostcronc 
administration. Testosterone inhibitcd gnnadotropin cxcrction in normal ninlcs and 
patients with Klincfcltcr’s syndromc a t  coniparablc dosc Icvcls. This indicatcs that thc 
pituitary-hypothalamic systcni is responsivc to steroid supprcssion in palicnts with Kline- 
feltcr’s syndromc. Howcvcr, testostcronc infusion studics iicctl to bc pcrlornicd. With 
simultaneous measurcmcnt of serum HLH and testostcronc titcrs i t  should bc possible 
to dclcrminc thc exact tcstosteronc lcvel rcquircd to “shut off” HLH sccrction. 
M. M. Grumbach :  An interesting bit of cvidcncc wc hive at  prcscnt is thc discrcp- 

ancy bctwccn the circulating Icvcl of LH and of tcstostcronc in thcsc paticnts. If thc 
hypothalamic regulatory ccntcr for LH relcasc is not abnormally rcsistant to tcstostcronc, 
thcn impaircd Leydig cell function must bc considercd as a possiblc csplanation of tlicsc 
obscrvations. 
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G. S. Gordan: Dr. Paulscn has bccn cstrcmcly cautious and has not been speculating. 
lil his presentation, Dr. \Vool told us that thcrc arc ccrtain ficlds whcrc a trivial inWSt- 
mcnt of fact may yield a bountiful harvest in thcary. This sccms to Lc thc rcvcrsc. 
Undoubtedly Dr. Paulscn has sonic idea of why thc L H  is high in thc prcscncc of what 
appears to  be a normal testostcronc levcl. I wnndcr il in this particular mcthod for 
mcasuring tcstosteronc the inactivc cpi-isomer might be includcd. Would you tcll us 
your idcas on why LH is high whilc tcstostcronc is normal. hly sccond qucstion rclatcs 
to what scemcd to me a rathcr astonishing rcmarl. IVhcn Klincfcltcr, Kcilcnstein, and 
Albright first dcscribcd this syndromc it includcd xyncconiastia. Thcn whcn hlurray Barr 
came out with a mcthod lor sexing cells, thc clinic~l phcnomclia changcd entirely and 
gynecomastia virtually disappeared. You remarked that this is bccausc we don’t cxaminc 
propcrly for gynecomastia; I must adniit I don’t know this trick and I would bc gratcful 
if you tcll us how to do it. 

C. A. Paulsen:  Epitcstostcronc is rcmoved by chromatography and docs not inlcrlcrc 
with thc dctcrmination. i’crhaps Dr. Candy would amplify this. 

H. M. Gandy:  I h a w  little to add. The onc compound (cpitcstostcronc) that I think 
miphi intcrfcrc with the mcasurcnlcnt of tcstostcronc is scparatcd from tcslostcronc by 
papcr chromatography prior to making thc acctatc dcriratirc of tcstostcronc. 

J. F. Ta i t :  May I congratulatc Dr. Candy. I think only ’those who h a w  dc~clopcd 
labclcd rcagent methods can rcalirc the amount of work involved in this study. 

I would like to ask whcthcr you nicasurcd also blood and urinary production rates. 
Due to the work niainly of Pcarlman on tcstostcronc binding to plasma proteins, !)y 
analogy with othcr cndocrinc ficlds onc mixht cxpcct to get better corrclation with bio- 
logical activity and pcrhaps also with plasnia LH Icvcls with the unbound concentration 
in plasma. This is ralhcr difficult to nicasurc accuratcly simply bccause it is dificult to 
cxtrapolatc diluted plasnia mcasuremcnts to thc undiluted plasma. Recently, I h a w  con- 
cludcd (f‘crspeclivcs d l cd .  B i d . )  that thc unbound conccntration is probably in thc casc 
of tcstosteronc proportional to thc total blood production r a t a  for subjects who h a w  
normal hepatic function. It is intcrcsting in this rcgard that Bardin and Lipsctt in hirsutc 
\romcn havc gottcn bcttcr corrclation of clinical signs and symptoms wilh thc blood 
production ratc than with thc total tcstostcronc conccntration. This is rathcr niysterious 
until onc rcalizcs that thc blood production ratc may bc corrclatcd with thc unbound 
concentration. In males thc urinary production rates may be corrclatcd with thc blood 
production ratcs and hcrc with thc unbound plasma conccntration so that althouph I’d 
hate to lcad a movement back to urine 1 also ask you wlrcthcr you nicasurcd the urinary 
production rates or cvcn thc urinary cxcrction of tcstostcronc glucuronide. 

c. A. Paulsen: Wc did not study blood or urinary production rates, nor did wc 
nicasurc urinary tcsloslcronc glucuronidc cxcrclion. Whcn Bryan Hudson studied tcstos- 
tcronc blood production rates in his patients with Klincfcltcr’s syndromc Irc did not 
uncover any significant diffcrcncc bctwccn production ratc and plasma tcstostcronc 
conccntration. Howcvcr, in a fcw paticnts with low plasnia tcstostcronc Icvcls thc urinary 
production r a t s  wcre higher. Hc  concludcd that this was duc to the conversion of 
A4-androstqicdionc to tcstostcronc by thc livcr. Lipsctt has emphasizcd this sanic prob- 
lcni in evaluating tcstostcronc lcvcls in wonicn. 

G. T. Bryan: \\‘ith regard to your normal nialc population, was thcrc any corrclation 
bctwecn the age of thcsc individuals and thcir plasma tcstostcronc levels? 

c. A. Paulsen:  In  our normal males, ape 20-45 ycars, plasma Icvcls did not dcclinc 
with agc. From preliminary data in mcn ovcr 45 ycars 01 age thcrc docs not appear 
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‘to be any striking dcclinc in plasma tcstostcronc titers. In  contrast, in paticnls with 
Klinefelter’s syndrome tcstoslcronc levcls may dcclinc with age (Fig. A) .  

W. McK. Jefferies: Rcard growth is not always a suitable criterion of androgen cticct 
because of racial variation. For cxarnplc, an American Indian docs not grow a bcard 
with normal androgen lcvcls. Have you in your clinical obscrvations noted any othcr 
evidence of rcsistancc to androgen therapy in thcsc paticnls? 

C. A. Paulsen: As you indicatcd, cthnic factors will innucncc facial hair Frowth. 
However, this problem can be climinated by careful history taking. WC would agrcc with 
Dr. Hcllcr that in some paticnts with Klincfclter’s syndrome androgcn therapy docs not 
przducc an “adult facies.” Also it has bccn our impression that propcr musclc dcvclop- 
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FIG. A. Plasma tcstostcronc Icvcl vcrsus agc in Klinclcltcr’s syndrome. 

nicnt may bc rcsistant to androgcn thrrapy. Obviously, objcctivc evaluation o I  thcsc 
paramctcrs is difficult. 

‘G. T. Ross: Thcrc is onc othcr possibility that should I)c mcntioncd with rcspcct to 
spcculations about thc disparity bctwcn plasma tcstostcronc lcvcls and plasma inirnuno- 
rcactivc LII Icvcls. Pcrhaps thcsc paticnts might niakc bad LH, possibly on a gcnctic 
basis, sincc thc pituitary may havc bad chroniosonics as \vcll. This concqit of an abnor- 
mality in LII is highly spcculativc, but not altopcthcr without sonic basis in cxpcricncc 
with rcspcct to tlic radioimmunoassay procedurc. I think it was unlortunatc that it was 
not possible for you @ havc good biological cstimatcs of thc urinary cxcrction of LH 
activity in thcsc patients to scc whcthcr or not thcsc lcvcls which you mcasurctl in  
plasma w r c  rclatcd to urinary cxcrction, 3s onc would cxpcct thcnr to bc in normals. 
This is admittedly a variety of circumstantial cvidcncc, but until ivc havc bcttcr methods 
for  estiniatinl: biolocical activity that do not rcquirc prohibitively largc volumcs of 
plasma, w c  may havc to bc content with this tylr o l  intlircct cvidcncc. . , 
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C. A. Paulsen: I agrcc that 3 dichotomy bctwccn immunologically reacty\rc HLH’ 
and biologically activc HLH may exist. This has bccn dcmonstratcd for ACTH in 
certain patients but so far not for pituitary gonadotropins. Your suggcstion rcgarding 
thc prcscncc of a “bad” HLH certainly dcscrvcs study. Wc did not cmphasizc our bio- 
assay results with rcspcct to urinary LH since wc had valid assays in only four patients. 
I n  two, thc urinary LH cxcrction titcrs wcrc in thc normal malc rangc, and in two 
palicnts thc LH valucs wcrc clcvatcd. Scruni HLH was incrcascd in all four, rangc 
332-65.0 mlU/nil. Plasma tcstostcrone lcvcls wcrc low in cach patient, ranging from 
0.07 to 0.18 ~ r g  7;. Thus, wc lack LH bioassay data in paticnts who demonstrate normal 
plasma testosterone lcvcls and clcvated scruni HLH. Othcr invcstigators havc found elc- 
vatcd L t I  lcvcls (bioassay) in paticnts with Klincfcltcr’s syndromc, but no corrclation 
has been madc with scrum HLH or plasma testostcrone levcls. 
R. A. Huseby: Regarding thc “inappropriatc” lcvcls of LH and tcstostcronc, tllcre 

sccnis to bc yet another altcrnativc cxplanation. This is that  thc intcrstitial cclls may bc 
rclativcly inscnsitivc to LII. Certainly this is thc situation we cncountcr in the surgically 
cryptorchid mouse. Thc Lcydig cclls aypcar normal histologically, and the production of 
androgcn actually is incrcascd. Thcy arc, howcvcr, rclativcly lcss scnsitivc, and quitc 
strikingly so as tinic gocs on, to administcrcd HCG as judged by thc responsc obtaincd 
in hypophysectoniizcd-cryptorchid animals. 

C. A. Paulsen: Wc would agrcc. Thc limitcd rcspoiisc to HCC in tlicsc paticnts indi- 
cates that Lcydig ccll function is not nornial. It is possiblc that morc LH is rcquircd to 
produce a ccrlain level of plasnia tcstosteronc. In sonic patients normal lcvcls are 
attained, whereas in others tcstostcronc levels remain low. 

K. W. Thompson: With rcgard to the total LH output in thc urinc of paticnts with 
this condition, only onc such has comc my way, but  wc did follow the total urinary LH 
output for about 15 days. A t  thc samc tinic, wc wcrc doing two normal males. The level 
of LH pcr day in thc Klincfcltcr’s casc was thc same high lcvcl as that  group of 
crraticnlly high wonicn that I mcntioncd last night. The lcvcl was totally irregular, and 
about 3 or 4 times the lcvcl of Lhc normal men who sliowcd continuously rcgular Icvels. 
Thc Klincfcltcr’s wsc did not show any changc in LII output aftcr a singlc intraniuscular 
dosc of 100 mg of teslostcronc propionatc. Those women with high crratic lcvcls do 
show a dramatic drop with Orthonovum. In onc singlc day thcrc will bc a sharp drop. 
I n  one an intramuscular dosc of 100 nig of progcstcronc causcd a vcry sharp rise in 
LII output. Prcscntly wc arc starting this Klincfcllcr’s man on tcstostcronc cnanthatc 
to see whether or not a longer pcriod of tcstoslerone administration will bring tlic LH 
down. 

C. A. Paulsen: Evcn in normal malcs urinary gonadotropin cxcrction titcrs arc not 
supprcsscd by a singlc intramuscular injcction of 100 nig of testostcronc. Tlicrclorc, I 
ani not surprkcd that your patient with Klincfcltcr’s syndromc did not dcmonstratc a 
dccrcasc in LH titcrs. 
P. J. Mulrow: This flilurc of Klincfcltcr paticnts to  rcspond to exogenous tcstostcrone 

with a norma1,growth of facial hair is not unique for Klinefcltcr’s syndromc. I havc 
bccn iniprcsscd in my limitcd expcricncc with tlicsc paticnts who had hypoConadism 
and dclaycd puberty from pituihry tumors, who, dcspitc l a r ~ c  doscs of exogenous ~ 

testostcronc, did not develop a normal growth of iacial hair. I think that something is 
happcning to thc hair folliclcs. 

I would likc to ask you a question rcgarding your clinical tlcscription of this sgoclronic. 

. 
. 

. 
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In the literature, a high incidence of mental deficiency has becn rcportcd, and I did not 
hcar you mention this in your description. 
C. A. Paulsen: U’c would agree that Lfic problem of refractory facial hair growth 

is not confined to patients with Klinefcltcr’s syndrome. Our expricnce is similar to yours 
in that wc have observed this phenomenon in patients with hypogonadotropic eunuchoid- 
ism and pituitary tumors. To my knowledge therc are no data available which define the 
basic mechanisms involved. I t  may be that the patient’s age a t  the start of treatment 
is just as important as gcnclic factors in altering the rcsponsc of the hair follicles to 
exogenous androgen. 

We did not cover the problem of mental deficiency since there was not sufficient 
objective data in our patients to bear on the issuc wc wcrc emphasizing, namely the 
influence of XY/XXY mosaicism. There are, of course, amplc data whic) document a 
higher incidence of Glinefeltcr’s syndrome in mentally rctardcd patients as contrasted 
to the gcneral population. 

A. B. Fajer :  In rclation to thc high levels of L H  in blood, I would like to refer to 
another situation in the constant estrous, androgen-stcrilizcd rat. In our Department, 
Dr. Barraclough has shown that these animals secrete very small amounts of estrogcn 
and have very large amounts of L H  in plasma and whcn these animals are castrated 
and the cstrogcn is removed, thcse levels of L H  fall to the values seen in normal, cas- 
trated animals. Dr. Barraclough was able to show a scparation betwecn thc action of 
very small amounts of estrogen, really minute amounts of cstrogcn. on the release of 
estrogens from the pituitary compared to the storage of L H  in the pituitary, in opposi- 
tion to large amounts of cstrogcn that always blocked the rclcasc of L H  to the plasma 
than thosc required in the castrated animals. I wondcr how this can be translated i n  
terms of testosterone and LH. Maybe there is a similar situation, or perhaps thcrc is 
a little bit 01 estrogen. I don’t know. 

C. A. Paulsen:  In patients with Qinclclter’s syndrome u r inay  estrogen excretion is 
variable [C. A. Paulsen, “Estrogen Assays in Clinical Medicine,” Univ. 01 Washington 
Press, Seattle, Washington, 19651. Some patients exhibit entirely normal titers while 
others demonstrate low values. But I am unable to translate the animal data which you 
referred to into the hormonal pattern found in thcse patients. At this time all w e  can 
say is that the pituitary-gonadal axis in Glincfelter’s syndrome may be different. The 
details await further study. 

A. F. Parlow: I showed in my prcscntation one slide which depicted serum LH and 
FSH levels in patients with Klinefclter’s syndrome. For comparison thc data from normal 
males and surgical castratcs were included. L H  levels were highcst in the surgical cas- 
tratcs but definitely increased in patients with Klinefelter’s syndrome. These d a h  may 
bear on the question of testosterone L H  interrclationship. 

c. A. P a d s e n :  Your data dcmonstrate that there is a difference between L H  lcvels 
in paticnts who exhibit some degree of testicular function and thosc who are completely 
devoid of androgen secretion. Since we have no data in surgical castrates we were not 
able to make a direct comparison. 
H. H. Swanson? I would l i e  to make a comment similar to that of Dr. Lloyd about 

C 

* the lack 01 reactivity to testosterone possibly being due to a lack of testosterone during 
fetal life. Rats and hamsters castratcd neonatally do not react to exogenous testosterone 

comastia. I think you mentioned that the estrogen lcvcl was normal. I wonder whether 

t 

normally. 
The other comment I would like to make concerns the explanation for the gync- 

\ 
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gynecomastia also map bc rclatcd to the early influcncc of hornioncs. Rats castrated 
nconatally or rccciving androgcn dio\v dcrelopmcnt of mammary glands at  about 1 wcck 
of agc which is seen in normal Icmalcs but not in normal males. Thc lack of mammary 
dcvclopmcnt in malcs may be a matter of estrogcn-scnsitivc primary tissuc not bcing 
laid down. Although thc patients havc normal estrogen sccretion in adult lifc, thcy may, 
likc nconatally castrated animals, rcact more like fcnialcs to the sanic lcvcl of estrogcn. 

C. A. Paulsen: No one has thc answcr to thc pathogcncsis of gyncconiastia. In my 
opinion i t  has bccn a mistake to focus almost all attcntion on cstrogen mctabolisni in 
such paticnts. When you considcr in what conditions gynccomastia is cncountcrcd, it 
sccms to mc that thc pituitary is involvcd. For examplc, gynccomastia is sccn in normal 
pubcrtp and various typcs of hypogonadism whcrc pituitary gonadotropins arc clcvated 
or  a t  least prcscnt. It is rare to scc gynccomastia in untrcatcd paticnts with hypogonado- 
tropic cunuchoidisrn. Pcrhaps prolactin sccrction stiniulatcs thc male brtast and is pri- 
marily rcsponsiblc for bynccomastia in conditions wlicrc cstrown lcvcls arc clearly normal. 

C. W. Lloyd: Returning to this problcm of androgen responsc, Dr. hlulrow raiscd 
a point that madc me get to my fcct. That is thc qucstion of failurc of hair growth 
in certain discasc slates in which thcrc may IC Iailurc of othcr pituitary largct organs 
and the relationship of response to androgcns to stcroid or  othcr hormones prrscnt. The 
Japanese, who normally liavc vcry little hair, hare  normal plasma tcstostcroncs, but it 
is intcrcsting that thcir 17-kctostcroids arc consitlcrably bclow thosc of Caucasians of 
thc samc hody mass and thc samc surfacc arcn. LVc wondcrcd. thcn, whcthcr thcrc might 
be somcthing that is a prccursor to thc 17-kctostcr~iids lhal might be rclatcd to this 
change in hair. Dr. E. Klaibcr and I have dcmonstratcd that in the castratcd, immaturc, 
male rat gircn a standardizcd minimally cffcctivc dosc of tcstostcronc, as far as pro- 
ducing scminal vcsiclc and prostatc cnlargcnicnt if you add cortisol to this you can 
doublc the effect. So it looks as though cortisol is augnicnting androgcn. In trcating 
hirsutc women, we find that somc who havc clcvatcd testostcroncs and who get w o r n  
whcn you give thcni a corticostcroid don’t havc the drop in tcstoslcronc that you cxpcct. 
\.\.’e think that in these pcoplc thc corticostcroid may hc augmcntinp the tcstostcronc. 
Now I don’t think this would apply in Klincfcltcr’s syntlronic in thc scnsc that you 
h a w  no cvidcncc of any adrenal dcfcct. But, I think this niiaht bc a factor in somc 
othcr individuals in whom thcrc is pituitary failurc and who pcrhaps havc sonic adrcnal 
abcrration. I wonder if, pcrhaps, in the Klincfcltcr’s wc may h a w  two choiccs, or ninybc 
both apply. Onc is a lack of fctal imprinting of androEcn rcsponsivc tissucs, and pcrhaps 
anothcr onc is that the subjects do not haw othcr factors thcy ought to havc to niakc 
thc tcstostcronc work in the usual way. 
L. M. Sherwood: Dr. Swanson has alrcady raised some of thc points I w i i s  going 

l o  nicntion; namely, thc qucstion whclhcr Cyncconiaslia might IC rclatcd to somc pitu- 
itary factor or whcthcr i t  is dcpcndcnt on the cstropcn-androgen balancc. To confuse 
thc problcm a littlc further, I h a w  Iiad rcccnt cxpcticncc with onc paticnt with Klinc- 
fcltcr’s syndrome who dcvclopcd gyncconiastia which rcprcsscd with oral nicthyltcslos- 
tcrone therapy and thcn reappeared with cessation of thc therapy. This niizht suggcst 
that thc gynccohastia is duc to a rclalivc incrcasc in thc cstrogcn to androgcn ratio, 
rathrr than some pituitar?: factor. 

iJr vivo can produce gynccomastia in sonic hypoponadal paticnts. Othcr androgcns h a w  
this ability also. 

A. Segaloff: I wondcr whcthcr you h a w  any nbscrvation on conimon I~aldncss in 

, 

, 

c. A. Paulsen: Mcthyltcstostcrone which is not convcrtcd to cstrogcnic substances 1 . . .  
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treated patients who do not devclop facial hair. With refcrcncc to the possibly inappro- 
priaic L H  Icvcls, I wonder, if onc wcrc to assumc that thc L H  which is mcasurcd by 
the radioimmunoassay and by most of our biologic assays is part of the FSH nioleculc 
and if you were to correct for the LH from the FSH, whether indeed thcse peoplc would 
not have ~iormal or cvcn low L H  values and this thcrcforc would mean h a t  i t  is not 
really an inappropriatc Icvel. 

C. A. P a u k e n :  Since we do not have direct comparison bctwccn serum FSH and LlI ,  
investigation of correction factors between these two gonadotropins cannot be made. 

With respect to your question on baldncss, we have reccntly sccn two patienls with 

syndromc (W.H.) ; thc other had hypogonadotropic eunuchoidism (H.G.). In \.\‘.H. 
frontal baldncss dcvclopcd alter hc was trcatcd with small doses of nicthy1t:stostcronc. 
Facial hair prowth was not stimulated by this form of therapy. In  M.G. baldncss tlcvcl- 
opcd belorc androgen therapy. Thus ;indrogcns m:iy bc Iwmissivc with respect to bald- 
ness in some patients but not in others. 

M. M. Grumbach:  I suggcst caution in the use of the term “inappropriatc L H  sccrc- 
tion,” esp~jally in tlic manner in which wc have applied it in this discussion. The point 
Dr. Tail  raised is an important onc. N’c do not know the plasma concentration of free 
(non-protein-bound) tcstostcronc in thcsc patients. It is possible that, when mcasurcd, 
it will be low. Further, impaired Lcydig ccll function with a liniitcd capacity to sccretc 
tcstostcronc may bc an important factor. 

c. A. Paulsen: The method for plasma testostcrnnc measures unconjugated testos- 
terone, therefore .it is txue that the rclationship between “bound” and “free” tcstostcronc 
is not known. 

M. M. Grumbach:  The values you reported rcprcscnt tcstostcronc extracted from 
plasma, but the proportion of protein-bound to free plasma testosterone has not been 
studied. 

J. F. Ta i t :  I am not surc I followed your argument that your data showcd that thc 
malc adrenal contributed androstenedione. \Vas that solely bascd on the androslencdionc 
values not going down in some of thcsc subjects? 

c. A. Paulsen:  \Vc wcrc rcfcrrinF: to studies by othcr invcstigators such as youryll .  
Thc data on plasma androstenedione were shown to docunicnt that patients with Kline- 
fckcr’s syndromc dcmonstraled normal Icvels. Thus the testicular contribution was not 
incrcascd. 

J. F. Tai t :  Thcrc is sLill a possibility though, isn’t thcrc, that the testes in these 
subjccts may switch to niakc androstcnedionc, as in thc prcpubcrtal male? 

C. A. Paulsen:  Yes, I suppnsc so. 
I. Rothchi ld:  I think it is rathcr aniusinr that i n  n collcction of scicntists like us 

SO much of the discussion has rcvolvcd around the question of thc “inappropriateness” 
of lhc LH lcvcls and tcstostcronc Icvcls. Thcsc arc very sick tcstcs and tlicrc may bc 
many things that thcy arc not doing that norinal tcstcs would bc doing, and thesc may 
have a grcat deal to do with thc sccrction of LH, FSIi, and perhaps othcr pituitary 
hormones. N’c arc looking only a t  thc conccntration of tcstoslcrone in thc blood stream. 

much more fascinating question concerns the relationship bctwccn thc chromosome defcct 
and thc abnormal tcstcs. and this is particularly striking in the mosaic Klincfcltcr’s 

stem-line with abnormal chromosomes. Now why docs the testis as a wkolc behave 

. familial baldncss who had hypogonadism. One patient was an example of Uncfcltcr’s 

* ’  

1 , 

C which is probably only onc of a dozen parameters of normal tcsticular function. The 
I 

c bccausc there’s a stem-line of spcrmatogonia with normal chroniosonics and anotlicr 
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abnormally? You can sce spermatogenesis going up to spermatid development, and 
perhaps in a few individuals up to spermatozoa. But why does i t  stop there, and why 
is i t  50 inefficient up to that point? Why don’t the XP cells go all the way up the Line to 
normal spermatozoa? I don’t know the  answer. I am just raising a question. We know 
from studies of the spermatogenic cycle that each cellular element in the cycle is prob- 
ably related to the others, and all of these are related in some way to the activity of the 
Sertoli cells. The really interesting question then is: What is i t  that’s wrung about the 
LXl’ stem-line that disturbs what should be a normally functioning XY stem-line of 
spcrmatogonia 7 , 

C. A. Paulsen: That is the 64 dollar qucslion. How does an overdosage of X-chromo- 
somes produce testicular disease? Another point that requires consideration is the rela- 
tionship between XI”/xXY mosaicism and the uneven pathology encountered in the 
tcstes. Is i t  possible that the two stem-cell lincs arc distributed so thHt in areas where 
spermatogenesis is more normal the XY line predominates? Or are t h e  two stem-cell lies 
distributcd evenly throuphout the tcstis and the variation in pathology related to some 
other factor? I know of no way to study this problcni in a critical fashion. 

Originally, we thought i t  might be possible to predict thc degree of damage by know- 
ing thc percentage relationship between the XY and XXY steq-cell lines. But as men- 
tiuned in the paper, i t  isn’t as simple as tliat. 

C. G, Heller: The question of gynecomastia has been raised several times during the 
presentation and discussion and I’m happy to we the interest being taken in it. I would 
like to point out why the Paulsen xries has more gynecomastia than any other series. 
Paulxn answered it only partly when hc mentions the complete physical examination. 
Actually, P a u k n  himself is U e  Avk-‘He tries harder.’ Indeed in instances when I’ve 
concluded that there was no gynecomastia, and Dr. Paulsen has examined the same 
patient he has said, “Certainly there’s gynecomastia-let me show you.” And he’s been 
able to demonstrate this and I think i t  would behoove some of us to be more careful 
and to try harder tool 

One of the coauthors of the classical paper by Klinefeltcr e1 al. [H. C. Klinefelter, Jr., 
E. C. Reifenstein, Jr., and F. Albright, J. Clin. Endocritaoi., 2, 615 (1942) 1, is prescnt- 
Dr. Reifenstein. There is a mistake in that paper regarding gynecomastia. I don’t know 
whether Dr. Reifenstein is aware of it, but their illustration purporting to be gyneco- 
mastia in Iilinefelter’s syndrome is not that a t  all. It is of normal male breast tissue. 
Since little is written about either the histology of normal male breast tissue or of 
gynecomastia in Klinefelter’s syndrome, I call your attcntion to this oversight. 
N. T. Werthessen: I would like to raise the question: Has anyone studied, in this 

1 

( 

syndrome, the applicability of Lyon’s hypothesis of the inactive X chromosome in the 
normal female? We have here two X’s and one Y. Are there any data to indicate that 
one of these becomes inactive as i t  does in the normal female? Would failure to do so 
explain some of the testicular phenomena and the peculiar behavior of various portions 
of the anatomy? 

C. A. Paulsen: The presence of a condensed Xi-chromosome in these patients is in- 
dicative of inh iva t ion .  Tritiated thymidine studies have also been compatible with this. 
I cannot recall any special studies that have heen carried out. Perhaps Dr. Grumbach can 
add to this point. I 

M. M. Grumbach: There is no evidence that the prexnu: of a I’ chromosome affects 
the inactivation of a second or greater number of X chromosomes. Just as in the normal 
human kmalc, a large part of one of the two X-chromosomcs in Lhe somatic cells of 
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individuals is heterochromatinizcd and gives rise to the Barr body. In  some cells 
it is the matrodinous X and in others the patroclinous X. 
N. T. Werthessen: I see. But have you evidence here as in those sex-linked G6PD 

deficiency states of the erythrocytes that were used to prove the applicability OI the 
Lyon’s hypothesis to man ? 

M. M. Gnunbach:  The same type of cvidcncc has h e n  obtained in XXY individuals. 
For example: erythrocyte glucose-6-phosphate dehydrogenase activity in XXY indi- 
viduals is the same as that in XO and XI‘ individuals and not increased, suggesting sup- 
pression of the X-linked gene directing crythrocylc C6PD synthesis on one of the two 

N. T. Werthersen: If there is supprcssion of an X then the double X could not 
explain the anatomical aberration and the abnormal testicle. 

M. M. Grumbach: The point is that in man, in contrast to the mouse, inactivation 
of the second X in terms of a dosagc effect, is not complete. The fact that XO and XXS 
human beings are not normal is one among several pieccs of evidence indicating the 
X-inactivation is incomplete in man. Several hypotheses Iiavc becn advanced to explain 
thc tcsticular lcsion and ccrhin other clinical findings associatcd with an XXY karyotype, 
but thcse arc speculative. Nevertheless, i t  is suspected that t l i w  phenomenq arc related 
a t  least in part to a gene dosage effect from the extra sex chromosome. 
E. E. Baulieu: Is thcre any indic;ltion that there could bc some abnormality of the 

priphcral  metabolism of testosterone in Klincfcltcr’s syndrome, especially thc oxidative 
catabolism? I t  could have some impact on thc plasma testosterone level and on the 
activity of testosterone in so-called target organs. 

c. A. Paulren: To my knowledge, such studies have not been carried out. There have 
been a fcw studics on the metabolism of androgens by male mammary skin. These were 
normal males as I recall. Work in this area seems to be just beginning. 

. 
A X-chromosomes. 
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