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Reifenstein’s syndrome: Investigation
of linkage to X-chromosomal loci
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Xga linkage data on a large family with Reifenstein’s syndrome is reported. The pedigree
was analyzed directly and the data were combined with that from the other linkage study
in the literature to allow a numerical estimate of the likelihood of the recombination
fraction, based on all the linkage data available. It was concluded that there is not
close linkage between Xgz and Reifenstein’s syndrome. A suggestion was, however, found
of tight linkage between the genes for color blindness and Reifenstein’s syndrome, but
this result was not definite because of the small amount of data available.
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Reifenstein (1947) originally described a
syndrome of hereditary male pseudoherma-
phroditism with hypogonadism, hypospadias
and gynecomastia. Similar families have
been reported by others (Peters et al. 1955,
Bowen et al. 1965).

Patients with Reifenstein’s syndrome are
noted at birth to have some degree of pseu-
dohermaphroditism, ranging from simple
hypospadias to a small phallus with a pe-
rineal urethral opening and a cleft scrotum.
Buccal smear and chromosome studies ex-
hibit a normal male pattern. At puberty,
these patients develop gynecomastia, are not-
ed to have small testes and do not develop
male secondary sex characteristics to a nor-
mal degree. Azoospermia is a constant find-
ing and testicular histology after puberty re-
veals severe impairment of spermatogene-
sis with tubular hyalinization, but preser-
vation of the Leydig cells. Urinary gonado-
tropin titers are normal to elevated, urinary
testosterone glucuronide titers are normal

to low. The severity of the syndrome varies
from family to family, but is relatively con-
stant within an affected family.

The mechanism of inheritance of this
syndrome is unclear. The pedigrees of the
reported families are consistent with X-
linked recessive or male-limited autosomal
dominant inheritance. Since the affected
members are infertile, this uncertainty can-
not be resolved from examination of the
pedigree. Linkage studies with genes known
to be X-linked, such as colorblindness and
blood group antigen Xg?*, provide one pos-
sible way of resolving this question. Bowen
et al. (1965) have used this technique on
two families with Reifenstein’s syndrome.
Investigating the genetic linkage of Xg# and
Reifenstein’s syndrome, they found a mini-
mum of three crossovers in six opportuni-
ties in the informative family and inter-
preted this as evidence against close linkage.
We report here the second large family
with Reifenstein’s syndrome in which an
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Fig. 1. Family pedigree

Table 1

Clinical data for affected family membeis

Hypospa- Gyneco- Buccal  Testicular
dias mastia smear biopsy
pre-
11115 + pubertal 0 1]
death
11116 + + negative done
111-18 + + negative done
V-7 + + negative done
1V-11 + + 0 0
IV-14 + + 0 Y
pre-
V=10 + pubertal 0 0
pre-
Vo
g pubertal 0 0
+ =present 0=not done

Xga linkage study has been carried out. In
addition, we have analyzed our data in
conjunction with those of Bowen et al.
(1965) to obtain numerical estimates of the
linkage of Xg» and of colorblindness with
Reifenstein’s syndrome.

Case Report

This family (Fig. 1) covers four living gen-

erations and includes eight affected mem-
bers, seven of whom are alive. The manifes-
tations of the syndrome (Table 1) are typi-
cal. Hypospadias was a consistent finding.
Buccal smears in three affected males were
chromatin negative. Testicular histology in
three members was similar to that of pre-
viously reported cases. Gynecomastia oc-
curing at puberty and infertility character-
ized all affected members. In the imme-
diate post-pubertal period, affected mem-
bers reported normal libido and potentia,
and two are married. However, by ap-
proximately 10 years post-pubertally, andro-
gen therapy seemed to be required to main-
tain this adjustment.

Methods and Results

Linkage Data

Xg» blood grouping results are shown in
Fig. 1. This data was analyzed in two ways.
First, the traditional analysis of the pedigree
was done, and segregation of the two mar-
kers was used to deduce crossovers that
must have occurred if the locus for Rei-
fenstein’s syndrome were on the X chromo-
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some. Second, a mathematical analysis of
the present data and of those of Bowen et
al. (1965) was done to give overall confi-
dence limits to the recombination fractions
based on all the families in which linkage
studies have been reported.

Pedigree Analysis

Since IV-1 is Xg(a —) (Fig. 1), III-1 must
carry Xg, an allele of Xg* which has no
associated antigenic activity. This, in turn,
means that either II-7, or II-8 carried a
similar allele. Since II-8 is known to be Xg
(a+), two possibilities for her Xg genotype
exist; first, she could be homozygous Xga/
Xg» (making II-7 hemizygous for the
“silent” Xg allele) or she could be hetero-
zygous Xga/Xg.

Considering the first possibility (which is
more likely since she had four Xg(a-)
sons), and assuming that the locus for Rei-
fenstein’s syndrome is on the X-chromo-
some, III-9 is heterozygous Xg3/Xg with
the syndrome locus on the chromosome car-
rying the Xga allele. However, of her four
sons who are known to be Xg(a+) (Xg2
data on IV-11 is not available), two in-
herited the syndrome and two did not, so
there must have been two crossovers in this
generation. There are no necessary cross-
overs between III-13 and II-19.

The second possibility is that II-8 is heter-
ozygous Xg%/ Xg. Assuming that the locus of
Reifenstein’s syndrome is on the X chromo-
some, it could be either in repulsion or in
coupling with Xga. If it were in repulsion,
crossovers occurred at II-13, II1-16, III-18,
II1-19, IV-7, IV-9, IV-13 and IV-14. If it
were in coupling, crossovers occured at III-
13, 1II-19, IV-9 and IV-13. Thus, which-
ever possibility is assumed for the geno-
type of II-8, there were at least two cross-
overs in eight opportunities in each case.

Family members were not considered
opportunities for crossover if Xg2 data were
not available for them. V-10 and V-11 were
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not considered opportunities for crossover
since they could have inherited an X chro-
moscme from ITI-12.

Mathematical Analysis

As shown in the previous section, it is clear
from an inspection of the pedigrees that
there cannot be close linkage between the
locus for Reifenstein’s syndrome and Xgb.
However, since results of a linkage inves-
tigation are best reported in terms of lod-
scores (Edwards 1972), the program LIPED
(Ott 1974) was used to compute the lod-
scores under the assumption that Reifen-
stein’s syndrome is an X-linked recessive
trait with pg=0.675, pr=0.01 (gene fre-
quencies for Xg2 and Reifenstein’s syn-
drome, respectively). The results are listed in
Table 2. Analyses with different values for
pr showed that the values of the lod-scores
do not change within five decimal places
when py is between 0.01 and zero. Since
the test for homogeneity (Morton 1956) of
the pedigrees with respect to the recombi-
nation fraction r is far from being signif-
icant (which may be due to its low power
with these small families), the scores are
summed over the single pedigrees.

The total lod-scores for Reifenstein’s ver-
sus Xg* are highest at r=0.5. The Bayesian
interval estimate (using a uniform prior for
r in the whole range 0<r<<0.5 and cutting
off 5%, or 1% from the left of the area
under the posterior density) turned out to
be 0.23<r<0.50 (95 %) and 0.17<r<0.50
(99 %,), respectively.

In one pedigree (Bowen’s family 1), co-
lorblindness (deuteranopia) can be shown
to be segregating. The corresponding lod-
scores are listed in Table 2. The gene fre-
quency for deuteranopia was assumed to be
0.08 (Cavalli-Sforza & Bodmer 1971). The
highest lod-score of 1.26 occurs at r=0,
which allows for a suspicion of tight linkage.
However, a score of 1.26 cannot be consid-



REIFENSTEIN'S SYNDROME

219

Table 2

Lod-scores for various recombination fractions

0 0.05 0.10 0.15 0.20 0.30 0.40
Reifenstein vs Xg2
Present family — o —1.30 —0.78 —0.51 —0.34 -0.14 —0.04
Bowen, family 1 — oo —2.38 —1.55 —1.09 —0.79 -0.41 —0.16
Bowen, family 2 0.19 0.16 0.13 0.11 0.08 0.04 0.01
Total — o0 —3.52 —2.20 —1.49 —-1.05 —0.51 —-0.19
Reifenstein vs
Deutanopia
Bowen, family 1 1.26 1.16 1.05 0.93 0.80 0.52 0.23

ered significant and more data are needed
to clarify the situation.

Discussion

The results of the present study strongly
suggest that there is not close linkage be-
tween Xg? and Reifenstein’s syndrome. Di-
rect analysis of the pedigree revealed a
minimum of two crossovers in eight op-
portunities. This is comparable to the results
of Bowen et al. (1965) who found three
crossovers in six opportunities. Mathemati-
cal analysis of the present data, combined
with those of Bowen et al. (19653), revealed
the most likely estimate for the recombina-
tion fraction for Xg2 and Reifenstein’s syn-
drome to be 0.5 with a 95 % Bayes’ con-
fidence limit of 0.23 and a 99 % Bayes’
confidence limit of 0.17.

The fact that there is no demonstrable
close linkage between Xga and Reifen-
stein’s syndrome does not, however, rule
out X-linkage for Reifenstein’s syndrome
(Race & Sanger 1968, Giblett 1969). The
locus for Reifenstein’s syndrome may be
located on the X-chromosome but far
enough from the Xg locus that linkage was
not demonstrated. Qur analysis of Bowen’s
colorblindness data in subjects with Rei-
fenstein’s syndrome raises the possibility of
tight linkage between these two loci, which

would imply X-linkage of Reifenstein’s syn-
drome. However, there are too few affected
subjects to have confidence in this associa-
tion. Unfortunately, the family reported
here refused testing for colorblindness.

The syndrome of testicular feminization
(Naftolin & Judd 1973) is analogous to
Reifenstein’s syndrome in that the pedigree
does not differentiate X-linked recessive
from male-limited autosomal dominant in-
heritance, since the affected males are in-
fertile. Testicular feminization in the mouse
has been shown to be X-linked by linkage
studies using coat color (Lyon & Hawkes
1970). This can be interpreted as evidence
for X-linkage of testicular feminization in
the human because of the strong tendency
for genes that are carried on the X chromo-
some in one species to be carried there in
other species (Ohno 1969). Studies of testi-
cular feminization in the human have not,
however, shown linkage to Xg2 (Sanger
et al. 1969).
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