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A comparison of HSP84 and HSP86 mRNA expression in adult mouse tissues revealed distinct expression
genes. Particularly striking is the germ cell specificity of HSP86
expression in the testis, suggesting distinct roles for HSP84 and HSP86 with respect to testicular function and
development.

patterns for these highly homologous

tubules, the physical organization of the germ cells reflects
the extent of differentiation, so that the least mature stem
cells are located furthest outside, and the most mature
spermatazoa are located inside the lumen (15, 16). To
determine which cell types in the testis express HSP86, the
distribution of HSP86 mRNA was analyzed by in situ
hybridization (20) with antisense and control sense RNAs
transcribed in vitro (8, 13). The antisense HSP86 RNA
hybridized in a ringlike pattern to the outside portion of the
seminiferous tubules, corresponding to the distribution of
immature spermatogenic cells (Fig. 3). No hybridization was
observed in the lumen of the seminiferous tubules, where
mature spermatazoa are found, or the interstitial region,
where Leydig cells reside.
To verify that HSP86 is expressed in the germ cells of the
testis, RNA was prepared from the testis of the mutant
mouse strain atrichosis (at). The testis from an at/at homozygous mutant male mouse has been shown to be completely devoid of germ cells (K. P. Hummel, Mouse Newsl.
34:31-32) but has all of the normal somatic components,

The period of mouse postimplantation development during
which early organogenesis takes place represents one of the
most complex and important phases of mouse embryogenesis with respect to cell differentiation. To begin to characterize some of the molecular events underlying these differentiation processes, I have been carrying out differential
screening of embryonic cDNA libraries using stage-specific
cDNA probes. Nucleotide sequence analysis of one clone
isolated during this screening process revealed an open
reading frame potentially encoding a protein 85.8% homologous to the gene for the murine 90-kilodalton heat shock
protein, HSP84. While this work was being completed,
Moore et al. (14) reported isolating a virtually identical
clone, which they have designated HSP86. In order to
investigate possible functional differences between HSP84
and HSP86, a cDNA clone for HSP84 was isolated by
rescreening the day 9.5 embryonic cDNA library at low
stringency by using the HSP86 clone as a probe. Portions of
these clones (nucleotides 1321 to 2415 from HSP84 and
nucleotides 1347 to 2571 from HSP86 [14]) were then used as
probes to compare the expression patterns of these two
genes.
The 90-kilodalton heat shock protein is synthesized at high
levels in the midgestation mouse embryo (1, 3). To investigate whether the observed expression represents HSP84,
HSP86, or both, Northern (RNA) blot analyses (7, 10) of
embryonic RNA were carried out with the two probes. The
two genes showed similar temporal patterns of expression;
the highest levels were detected at the earliest time analyzed
(day 8.5), and gradually decreasing levels were detected at
later times during embryogenesis (Fig. 1). Hence, both
HSP84 and HSP86 are expressed at high levels in the
midgestation mouse embryo.
To determine whether the spatial patterns of expression of
the two genes are also similar, RNA was isolated from
various adult tissues and probed with HSP84 and HSP86.
HSP84 mRNA was detected in virtually every tissue; the
highest levels were detected in the adrenal gland and the
ovary, and many other tissues showed an almost comparable
level of expression (Fig. 2). In contrast, although HSP86
mRNA was also detected in many tissues, its levels in the
testis were strikingly higher than in any other tissue examined. Among the adult tissues, the next highest level of
expression was in the brain, but this was significantly lower
than the level in the testis.
The adult testis contains somatic cells, consisting predominantly of Leydig cells and Sertoli cells, as well as germ cells
at various stages of differentiation. Within the seminiferous
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FIG. 1. Expression of HSP86 and HSP84 during embryogenesis.
Total RNA (10 ,ug) prepared from mouse embryos isolated at the
indicated days of gestation was electrophoresed, blotted, and
probed with either HSP86 or HSP84.
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FIG. 2. Expression of HSP84 and HSP86 in adult tissues. Total
RNA (10 ,g) prepared from various adult tissues and from day 10.5
embryos and placenta was electrophoresed, blotted, and probed
with either HSP84 (A) or HSP86 (B).
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including Leydig and Sertoli cells (6, 9). A male mouse
heterozygous for the at mutation has normal testes and is
fully fertile. No HSP86 expression was detected in the at/at
testis, although a high level of expression was found in the
testis of a heterozygous littermate (Fig. 4). The levels of
HSP86 mRNA were equivalent in the brains of homozygous
and heterozygous mice, making it unlikely that this mutant
strain has a primary defect in HSP86 expression. Hence,
HSP86 expression in the testis appears to be restricted to the
germ cells. In contrast, there was no difference in the testes
of homozygous and heterozygous mice in the expression of
HSP84. Thus, whereas HSP86 expression is restricted to the
germ cell lineage, HSP84 is expressed in the somatic cells of
the testis.
To further investigate the contrasting patterns of expression of these two genes in the testis, Northern blot analyses
were carried out by using RNAs isolated from testes at
various stages of prepuberal development. Embryonic testes
and neonatal testes (before day 9 of development) are known
to contain all of the somatic components present in adult
testes as well as germ cells at all mitotic stages but to lack
germ cells that have reached the meiotic stages of development (2). Although HSP86 RNA was detected in testes at all
stages, its levels were significantly higher in day 21 testes
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FIG. 3. In situ hybridization to adult testis. Adjacent sections of adult testis were hybridized to sense (A) and antisense (B) 35S-labeled
HSP86 RNA transcribed in vitro, dipped in Kodak NTB-3 photographic emulsion, exposed, developed, and stained with hematoxylin and
eosin.
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FIG. 5. Expression of HSP86 and HSP84 during testicular development. Total RNA (10 ,ug) prepared from day 17 embryonic
testes or from testes of 7-, 14-, or 21-day-old mice was electrophoresed, blotted, and probed with either HSP86 or HSP84.

FIG. 4. Expression of HSP86 and HSP84 in the mutant strain
atrichosis. Total RNA (10 ,ug) prepared from the brain or testes of a
homozygous at/at mutant mouse or a heterozygous atl+ littermate
was electrophoresed, blotted, and probed with either HSP86 or
HSP84.

than in day 17 embryonic testes or day 7 neonatal testes (Fig.
5). Hence, HSP86 expression appears to be enriched in germ
cells that have reached meiotic prophase. In contrast,
HSP84 mRNA was expressed at high levels throughout
testicular development, with slightly higher levels being
detected in immature fetal and neonatal testes than in day 21
testes, which is consistent with its expression in the somatic
cells.
The 90-kilodalton heat shock protein (HSP90) is one of the
major proteins synthesized by cells subjected to a variety of
stressful stimuli (for a review, see reference 11). Although
the biological function of HSP90 has not yet been described,
recent data have suggested that HSP90 forms a complex with
steroid hormone receptors (5, 18, 19) as well as with retroviral tyrosine kinases (4, 12, 17). The identification of a
second HSP90 gene raises the possibility that distinct HSP90
proteins may be responsible for these diverse interactions.
The possibility that HSP84 and HSP86 perform different
functions is supported by the findings that they have distinct
tissue and cell type distributions. Contrasting expression
patterns in the adult testis and the developing testis have also
recently been observed by D. Wolgemuth and C. Gruppi
(personal communication).
Whatever functions the two HSP90 genes perform during
testicular development, it is likely that they play a role in
other developmental events as well, since they are both
expressed at high levels in the embryo at a time when
testicular development has not yet been initiated. A determination of the specific functions performed by HSP84 and
HSP86 in adult tissues as well as during embryonic development awaits further characterization of the expression
patterns of these two genes and comparison of the biochemical properties of their encoded products.
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