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Expression of DAZ, an Azoospermia Factor
Candidate, in Human Spermatogonia

To the Editor:
Three percent to 4% of men have severe defects in sperm
production that result in infertility (van Zyl et al. 1975;
Hull et al. 1985). Most of these men are otherwise
healthy, and the cause of their spermatogenic failure is
rarely identified with certainty. Little is known about
possible contributions from genetic factors, but some
cases may be due to mutations that disrupt male germ-
cell development without affecting the soma. Such "pure
male sterile" genes have been identified in invertebrates
(Ellis and Kimble 1994; Castrillan et al. 1993). In hu-
mans, no pure sterile factor-male or female-has been
unequivocally defined at the biochemical level, although
some critical genetic loci have been mapped.
The azoospermia factor (AZF), found on the long

arm of the Y chromosome, may be the most thoroughly
studied pure male sterile locus in humans. In 1976, Tie-
polo and Zuffardi reported microscopic deletions of Yq
in six men with azoospermia (no sperm in semen). On

the basis of these findings, they proposed that Yq carries
an AZF gene or gene complex required for spermatogen-
esis (Tiepolo and Zuffardi 1976). Recently, Tiepolo and
Zuffardi's hypothesis has received strong experimental
support (Ma et al. 1992; Kobayashi et al. 1994; Najma-
badi et al. 1996; Vogt et al. 1996). In particular, 13%
of men with nonobstructive azoospermia were found to
have deletions of a consistent, specific portion of Yq-
an "AZF region" (Reijo et al. 1995). The deletions were
not present in the affected individuals' fathers but had
arisen de novo, establishing that the deletions were the
cause-of azoospermia rather than an incidental finding.
De novo deletions of this AZF region have been found

to result in a wide range of spermatogenic defects. In
some AZF-deleted individuals, testis biopsies revealed
the complete absence of germ cells ("Sertoli cell-only
syndrome"). In other individuals, early spermatogenic
cells were observed ("testicular maturation arrest"). In
two of the latter individuals, spermatogenesis had some-
times progressed through meiosis to the stage of con-
densed spermatids (Reijo et al. 1995). Indeed, we have
shown recently that deletion of AZF is compatible with
completion of spermatogenesis, albeit at greatly reduced
output: two men with severe oligozoospermia (markedly
reduced but nonzero semen sperm counts) were found
to have de novo, AZF-region deletions similar or identi-
cal to those found in unrelated azoospermic men (Reijo
et al. 1996a). Thus, spermatogenesis can, in some in-
stances, proceed without AZF. However, spermatogenic
output is severely diminished in the absence of AZF,
and in some cases germ cells (even spermatogonial stem
cells) are found to be completely lacking. As we and
our colleagues have suggested, this wide array of AZF
phenotypes might be explained most simply by a defect
(with variable expressivity) in spermatogonia, the stem
cells that are the source of the spermatogenic lineages
in the adult testis (Reijo et al. 1995, 1996a).
The molecular identity of AZF is not yet known with

certainty, but much experimental evidence has accumu-
lated in favor of DAZ (deleted in azoospermia), a
multicopy gene cluster located in this AZF region (Reijo
et al. 1995; Saxena et al. 1996). As revealed by northern
blotting of human tissue RNAs, DAZ is transcribed spe-
cifically in testis. On the basis of sequence comparisons,
DAZ appears to encode an RNA-binding protein. Al-
though no human DAZ point mutants have been re-
ported, recent genetic findings in Drosophila provide
strong support for the hypothesis that DAZ is AZF.
Eberhart and colleagues have characterized a Drosoph-
ila gene, boule, whose product shows striking amino
acid similarity to the human DAZ protein, especially in
the RNA-binding domain. Just as with human AZF,
loss-of-function mutations in Drosophila boule disrupt
spermatogenesis and result in azoospermia but spare the
soma (Eberhart et al. 1996). Thus, the Drosophila ho-
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mologue ofDAZ is a pure male sterile gene with striking
parallels to AZF.

Like Drosophila boule, human DAZ is expressed spe-

cifically in the testis (Reijo et al. 1995; Eberhart et al.
1996). Given the prospect that DAZ might be AZF, we

set out to study its expression in the human testis in
detail. We were interested in determining (i) whether
DAZ is expressed in the somatic cells of the testis, in
germ cells, or both and (ii) whether the pattern of DAZ
expression would be consistent with the array of sper-

matogenic defects observed in men with deletions
of AZF.
To localize DAZ transcripts, radio-labeled oligonu-

cleotide probes were hybridized to sections of normal
human adult testes, essentially as described by Mutter
and colleagues (1993). Testes were obtained from the
Department of Pathology, Brigham and Women's Hos-
pital, Boston, following institutional review board ap-

proval. The tissues originated from three men with pros-

tate cancer who had undergone elective orchiectomies.
Tissues were fixed in 4% paraformaldehyde and embed-
ded in paraffin. All testes appeared histologically nor-

mal, with active spermatogenesis. Five-micron sections
were cut from paraffin-embedded testes, dewaxed in xy-

lene, and rehydrated in graded ethanols to water. Two
synthetic antisense probes, each 50 nt in length, were

selected from the published DAZ cDNA sequence (Reijo
et al. 1995). Probe A (GGCAACTGATATCCAGTG-
GTGACCTGAAATGGTGAACTTGGATAAGCAGG)
was chosen from within a 72-bp segment that is tan-

demly repeated seven times in the DAZ coding sequence.

Probe B (CTTCGGTCCACAGA7IFM CTCCTTTGCT-
CCCCAACAGGGCACTGCGGTGGC) was also cho-
sen from coding sequence, but outside the tandem re-

peats. Oligonucleotides complementary to probes A and
B were used as negative controls. All four probes were

purified on acrylamide gels and then end-labeled with
35S-a-dATP by use of terminal deoxynucleotidyl trans-

ferase. Hybridizations were carried out overnight in a

humidified chamber at 420C using a solution of 4 X SSC
(1 x SSC = 0.15 M NaCl, 15 mM sodium citrate [pH
7.4]), 50% formamide, 1 X Denhardt's (0.02% Ficoll
400, 0.02% polyvinyl pyrrolidone, 0.02% BSA) 1% sar-

cosyl, 0.2 M sodium phosphate (pH 7.0), 10% dextran
sulfate, 250 gg/ml yeast tRNA, 500 jg/ml salmon sperm

DNA, 200 mM DTT, and 106 cpm/100 gl of 35S-a-

dATP end-labeled oligonucleotide. Sections were then
washed four times for 15 min each in 1 x SSC at 550C.
After drying, slides were dipped in 50% NTB-2 emul-
sion (Kodak diluted with water), stored at 40C for 10-
176 d, and developed. Images of autoradiographic grain
density were electronically processed with commercial
software (Adobe Photoshop). In brief, conventional
dark-field images were inverted and brightness levels
adjusted so that autoradiographic silver grains appeared
black on a white background. This inverted dark-field
image was then subjected to "Gaussian-blur" filtering,
by which signal intensities in individual pixels are locally
averaged so as to produce continuous intensity contours.

Lengthy exposures were required for optimal signal
detection: 87 d for probe A and 176 d for probe B.
The signal-to-noise ratio obtained with probe A, derived
from a seven-fold tandem repeat within the DAZ tran-

script, was somewhat better than that obtained when
probe B was used, derived from a nonrepeated portion
of the transcript. However, both probes revealed a simi-
lar distribution of DAZ transcripts, and multiple expo-

sures on testis sections from three men yielded consistent
results. As shown in figure 1, using probe A, transcripts
were detected just inside the perimeter of seminiferous
tubules-not around the entire circumference of the tu-

bule, but in discrete patches (similar results obtained
with probe B; not shown). Image processing (fig. le, f)
facilitated identification and classification of individual
cells underlying areas of intense signal. Spermatogonia
were clearly the source of most of the intense signals.
Occasional early (leptotene/zygotene) primary sperma-

tocytes had similarly high levels of transcripts, but tran-
scripts were not detected in later (pachytene) primary
spermatocytes with either probe. Neither probe revealed
the presence of DAZ transcripts in other spermatogenic
cells or in the somatic cells of the testis (e.g., Sertoli,
Leydig, peritubular cells).
Our findings with human Y-chromosomal DAZ-

that it appears to be expressed exclusively in germ cells
and most abundantly in spermatogonia (fig. 1)-may
extend to autosomal homologues found in humans and
mice. In both humans and mice, there exists an autoso-
mal DAZ homologue (DAZH in humans; Dazh/Dazla
in mice) that is expressed in testes and, at a much lower
level, in ovaries (Cooke et al. 1996; Reijo et al. 1996b;
Saxena et al., in press). The absence of Dazh transcripts

Figure 1 Hybridization of DAZ probe to human adult testis. In the left column (panels a, c, e, and g) are images of a seminiferous tubule
probed with antisense probe A. In the right column (panels b, d, f, and h) are images of an adjacent tissue section probed with the complementary
sense probe. a and b, Bright-field photographs, sections stained with hematoxylin and eosin; autoradiographic grains dimly visible in background.
c and d, Dark-field photographs of the same field, highlighting autoradiographic silver grains. e and f, Autoradiographic grain density contours
produced by subjecting dark-field images (panels c and d) to Gaussian blur filtering (see text). g and h, Grain-density contours (panels e and
f) overlaid onto bright-field histology (panels a and b). Cell types: Spg = spermatogonium; Spt = leptotene/zygotine primary spermatocyte;
PSpt = pachytene primary spermatocyte; RSpd = round spermatid; ESpd = elongating spermatid; MSpd = mature spermatid; and SC = Sertoli
cell. All images at 400x magnification; bar = 50 gm.
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in germ-cell-deficient mice suggests that expression of
this autosomal gene is restricted to germ cells in both
testes and ovaries (Reijo et al. 1996b; J. Seligman, R.
Reijo, D. C. Page, unpublished data). Specifically, au-
tosomal mouse Dazh appears to be transcribed in sper-
matogonia, as indicated by developmental northern-
blotting studies (Reijo et al. 1996b)-like human Y-
chromosomal DAZ.
A portion of the testis in situ signal we observed with

DAZ probes may have originated from DAZH. If so,
then the specificity of the observed hybridization pattern
(fig. 1) suggests that it may describe the expression of
both Y-chromosomal DAZ and its autosomal homo-
logue.

Although many mammalian genes are expressed in
the testis, DAZ's restricted pattern of expression is un-
usual. Numerous genes are expressed exclusively in male
germ cells (e.g., protamines and testis-specific isoforms
of tubulins, histones, and lactate dehydrogenase), mostly
in meiotic or postmeiotic cells, but not in the earliest
stages of the spermatogenic pathway (Distel et al. 1984;
Drabent et al. 1991; Salehi-Ashtiani and Goldberg 1993;
Wykes et al. 1995). Other genes are expressed in premei-
otic germ cells (e.g., c-myc, c-kit, fos, jun, MAGE -1
and -4, hsp60, and FSH j3), but also in one or more
somatic tissues (Koji et al. 1988; Manova et al. 1990;
Kurata et al. 1993; Markkula et al. 1995; Meinhardt et
al. 1995; Takahashi et al. 1995). The specificity of DAZ
expression in spermatogonia and their immediate deriv-
atives, early primary spermatocytes, suggests that hu-
man DAZ functions in the first phases of spermatogenic
differentiation-or earlier, in the maintenance of the
spermatogonial stem-cell populations.
As we have pointed out elsewhere (Reijo et al. 1995),

the phenotypes associated with deletions ofAZF suggest
that it may function in spermatogonia-where we have
now shown DAZ to be expressed. Additional evidence
that DAZ may be AZF is found in Drosophila boule, a
homologue of DAZ and, like AZF, a pure male sterile
locus. The products of the human DAZ and Drosophila
boule genes exhibit remarkable amino acid sequence
similarity (Reijo et al. 1995; Eberhart et al. 1996). We
have now established that the human and Drosophila
genes also have similar expression patterns: both are
transcribed exclusively in male germ cells.

In addition to providing evidence for the molecular
identity of AZF, our findings suggest possible avenues
for future studies of spermatogonia. Spermatogonia play
a central role in human heredity, genetic disease, and
evolution. They are the source of all male gametes and,
as some have suggested, may be the cells in which most
germ-line mutations arise (Haldane 1947; Ketterling et
al. 1993; Shimmin et al. 1993). Given these observa-
tions, it is remarkable how little is known about the
molecular biology of this stem-cell population (Hecht

1995). The availability of molecular markers like DAZ
may help remedy this situation.
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mtDNA and Y Chromosome-Specific Polymorphisms
in Modern Ojibwa: Implications about the Origin of
Their Gene Pool

To the Editor:
The Ojibwa, the second-largest Native American group
in Canada, are an Algonkian-speaking people, who have
the greatest concentration in the province of Ontario
(Szathmary et al. 1974). Their geographic distribution
has been established in the last two centuries. During
this period, the population has been divided into two
main branches that have accumulated some cultural
(Dunning 1959) and genetic differentiation (Szathmary
et al. 1974). The northern Ojibwa appear to have been
least influenced by Europeans, whereas the southeastern
Ojibwa of the Lake Huron region appear to have been
exposed to a great European influence. On the basis
of genetic analysis of some serum and red-cell protein
polymorphisms, Szathmary and Reed (1972) and Szath-
mary et al. (1974) were able to reveal the presence of
"Caucasian" alleles in the southeastern Ojibwa and to
give an estimate of Caucasian admixture of -30%;
however, more recent data on other autosomal locus
polymorphisms indicate that the genetic admixture may
be as great as 50% (D. E. C. Cole and L. A. Rubin,
unpublished data).

Previous studies of mtDNA variation have shown that
the Ojibwa are the Native American group with the
highest proportion (-25%) of mtDNAs not belonging
to haplogroups A, B, C, and D (Torroni et al. 1993).
These additional mtDNAs, which are all defined by the


