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The Testis-Specific Transcript (ferT) of the Tyrosine Kinase FER Is
Expressed during Spermatogenesis in a Stage-Specific Manner
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ferT is a testis-specific transcript of FER encoding a truncated version of the potential tyrosine kinase. Using
in situ hybridization analysis, we found that ferT was transiently expressed during spermatogenesis and that
expression was restricted to spermatocytes at the pachytene stage of meiotic prophase. This pattern of expression
is unprecedented by other tyrosine kinases and suggests a role forferT in a particular stage of spermatogenesis.

A new member of the tyrosine kinase gene family, termed
FER, has been recently cloned and characterized (7, 10).
FER is expressed in a variety of tissues but includes a
particular mRNA species detectable only in testes (4, 10).
The testis-specific transcript of FER, termed ferT, has been
recently cloned from a mouse testis cDNA library (4).
Structural analysis of ferT cDNA has indicated that it is
generated by an alternative splicing mode and likely also
through utilization of a different promoter (4). The encoded
453-amino-acid protein (pSlferT) is a truncated version of the
FER-encoded protein p94fer. p5lferT contains a unique N-ter-
minal domain (the first 44 amino acids) that is absent from
p94fer (4, 7). A previous study has shown thatferTmRNA is
undetectable in RNA preparations extracted from testes of
newborn mice at times preceding week 3 of postnatal devel-
opment (4). Since the first wave of differentiating sper-
matogonia mature into resting spermatocytes at 12 days after
birth and primary spermatocytes reach the early pachytene
stage of meiotic prophase at about 14 days of age (12), the
onset offerT expression in mouse testes at days 18 to 21 after
birth (4) was coincidental with the progression of germ cells
to mid- and late pachytene stages (duration of the pachytene
stage in mice is about 7 days). These findings suggested that
expression of ferT within the testis is restricted to certain
stages of germ cell development. To confirm that expression
offerT is transcriptionally activated during spermatogenesis
and to more precisely define the particular stage(s) in sper-
matogenesis at whichferTmRNA accumulates, we analyzed
ferT mRNA in sections of adult testes by in situ hybridiza-
tion. In situ hybridization of testicular sections has the
advantage that hybridization signals can be localized to cells
at successive stages of spermatogenesis that are morpholog-
ically distinguishable. Moreover, the ability to identify the
expressing cells in their authentic cellular contexts aids in
their staging along the spermatogenic pathway. As germ
cells differentiate, they progressively move from the periph-
ery of the seminiferous tubule toward its central lumen while
new spermatogenic cycles are initiated at the periphery. This
leads to a cross-sectional arrangement of series of concentric
rings of germ cells, each containing cells at the same stage of
development. Superimposed on the radially distributed sper-
matogenic cycle is a longitudinally distributed spermatoge-
nic wave. The spermatogenic wave results from the fact that
entry of germ cells into the spermatogenic cycle does not
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occur simultaneously along the entire length of the tubule
but is initiated locally and proceeds as a longitudinally
propagated wave. Hence, the wave of the seminiferous
epithelium leads to a succession of cell associations along
the length of the tubule that follow each other in a sequential
order. Each cell association is composed of an ensemble of
germ cells in correspondingly different states of differentia-
tion (see reference 14 for a review on the regulation of the
seminiferous epithelium).

TheferT-specific probe used in this study was a 199-base-
pair-long fragment corresponding to the beginning of the 5'
untranslated domain of the ferT cDNA clone. The 5' seg-
ment offerT cDNA is composed of a unique sequence not
shared by other transcripts of the FER gene or by other
tyrosine kinase-encoding mRNAs. This ensured that the
probe used detected exclusively ferT mRNA. An EcoRI-
HindIII fragment (the EcoRI site is an artificial site marking
the 5' terminus of the cDNA clone that was introduced for
cloning purposes, and the HindIII site is at position 199 of
ferT cDNA [4]) was subcloned in the pBS vector (Strata-
gene). The resultant plasmid was linearized with either
EcoRI or HindlIl to allow synthesis of a 35S-labeled ribo-
probe in either the antisense or the sense orientation (using
T3 or 17 polymerase, respectively). Testes derived from
sexually mature BALB/c mice (12 weeks of age) were fixed
in 4% paraformaldehyde, embedded, frozen, and sectioned.
Frozen sections (10 p.m thick) were processed for in situ
hybridization and hybridized to ferT antisense RNA under
stringent conditions as previously described (8).
A cross section through the testis that was hybridized with

ferT antisense RNA is shown in Fig. 1. ferT mRNA was
confined to rings of cells residing within the seminiferous
tubules and was undetectable in the interstitial stromal cells
(Fig. 1A and B). This observation confirmed the germ cell
origin offerT-expressing cells. Strikingly, ferT mRNA was
not detectable in all cross sections, and often positive and
negative hybridization signals were detected in adjacent
cross sections through the tubule. The most likely interpre-
tation of this pattern is that because of the spermatogenic
wave, in combination with the coiling of the seminiferous
tubule, different tubule zones are juxtaposed in the level of
sectioning. Consequently, adjacent cell associations may be
composed of germ cell ensembles from which certain stages
of the spermatogenic cycle are excluded. The failure to
detect ferT mRNA in a considerable fraction of cell associ-
ations thus indicates that expression offerT is restricted to
particular stages along the spermatogenic cycle.
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FIG. 2. Identification of cells expressingferT and their cellular associations. High-magnification views of cross sections through the testis

that have been hybridized with the antisenseferT probe are shown. Panels B and D are the dark-field images of panels A and C, respectively.
Two particular cell associations in panel C are marked a and b (see text). Arrows in panels E and F point to the layers of primary
spermatocytes expressing ferT mRNA. Magnifications, x288 (A to D) and x480 (E and F).

A closer view of particular cell associations expressing
ferT mRNA is provided in Fig. 2. Within each positive cell
association, expression offerT was confined to a single or a
double ringlike layer of cells adjacent to the spermatogonial
layer at the tubule circumference (Fig. 2). Both their mor-
phology as the largest round cells and their position relative
to the spermatogonial layers unambiguously identified the
ferT-expressing cells as primary spermatocytes (this is best
seen in the highest magnifications provided in Fig. 2E and
F). Clearly, spermatogonia and spermatids at all stages of
spermiogenesis showed only background levels of ferT
mRNA. In the examples shown in Fig.- 2, hybridization

signals were detectable only over pachytene spermatocytes
in cell associations that contained, in addition, peripheral
spermatogonia cells and more central elongating spermatids,
mostly spermatids at stages 9 and 10 of spermatid develop-
ment (13). Thus, the cell associations shown in Fig. 2C
(association a), E, and F likely represent stage 9 and stage 10
tubules (13). In contrast, background levels offerT mRNA
were detected in a cell association that contained, in addition
to spermatogonia and primary spermatocytes, round sper-
matids and spermatids at maturation phase 15 or 16 (associ-
ation b in Fig. 2C), that is, in a stage 6 or a stage 7 tubule.
Since pachytene spermatocytes are present in all cell asso-
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ciations excluding tubules at stage 11 (13), accumulation of
ferTmRNA is likely restricted to a fraction of the pachytene
stage. The nature of the positive cell associations suggests
that ferT accumulation is mostly evident in mid- and late
pachytene stages. This notion is also consistent with the
failure to detect appreciable levels of ferT mRNA by RNA
blot analysis before and at day 18 after birth (4). It should be
pointed out, however, that the possibility that the method-
ologies used failed to detect very low levels offerT mRNA
present in germ cells at additional developmental stages
cannot be excluded. Reasoning that ferT might also be
expressed during germ cell development in the female go-
nad, we searched for ferT mRNA in ovarian sections, using
conditions otherwise identical to those used for in situ
hybridization (conditions also previously used by us to
detect c-mos mRNA in oocytes [9]). ferT mRNA could not
be detected in oocytes residing in follicles at all stages
examined, starting from primordial oocytes and proceeding
to oocytes in preovulatory follicles (data not shown). It should
be pointed out, however, that by 5 days after birth, all oocytes
are in the diplotene stage of the prophase of the first meiotic
division. Thus, oocytes have passed the equivalent stage in
the developing male germ cell at which ferT is expressed. It
should also be mentioned that we failed to detectferTmRNA
in serial sections obtained from late embryos (>17.5 days
postcoitum) (data not shown), thus leaving the adult testis as
the only tissue in whichferTmRNA has so far been detected.
ferT is the first testis-specific mRNA with a potential

tyrosine kinase activity shown to be expressed predomi-
nantly in primary spermatocytes. Our analysis showing that
ferT mRNA accumulates transiently during mid- and late
pachytene stages of meiotic prophase, that is, in proximity to
the reductive division, suggests a role for this putative
tyrosine kinase in a distinct process that precedes or oper-
ates in the course of this event. However, until the precise
timing for the presence of a biologically active p5slfeT
protein is established and until its biochemical properties are
determined (e.g., its substrates), any suggested role remains
speculative. In general, protein kinases have been shown to
be involved in regulating the cell division cycle (17, 18, 20),
in mediating and transmitting extracellular signals (3, 22),
and in regulating differentiative processes in eucaryotic cells
(1, 6). Circumstantial evidence suggests that the differentia-
tion of germ cells requires the appropriate cell contacts and
is likely dependent on positional information from adjacent
cells. Protein(s) with tyrosine kinase activity may play a
regulatory role in this process in concert with other regula-
tory genes. Several genes have been shown to be expressed
in germ cells during spermatogenesis (reviewed in references
16 and 23). Among the genes whose participation in control
of spermatogenesis has been suggested, one with the most
similar pattern of stage-specific expression restricted to
pachytene spermatocytes is the gene encoding the recently
described zinc finger protein Zfp-35 (2). Certain genes ex-
pressed in pachytene spermatocytes display a less-restricted
pattern of expression and are also expressed in subsequent
spermatid stages (11, 24). Other genes, including int-1, c-mos,
and the testis-specific species of c-abl, appear at later stages,
whereferT mRNA is already undetectable (5, 15, 19, 21). The
ferT-encoded protein is thus a good candidate for a tyrosine
kinase that operates within a network of other regulatory
proteins in the coordination of germ cell development.
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