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The c-kit protooncogene is a transmembrane tyrosine kinase receptor expressed during gametogenesis. Usin
the polymerase chain reaction (PCR), we have identified-tiereceptor mRNA transcripts in the rat testis and
studied their expression during postnatal development of the testis. Five different transcripts were identified
using sets of primers encoding within the extracellular domain. Two transcripts were obtained from primer sets
encoding regions within the cytoplasmic domain and the primer set encoding the entire lengthceltithe
receptor. We have compared the levels of expression of these transcripts on different days during postnata
development. The level of expression of a particular transcript varied depending upon the developmental stage
of the testis. In summary, our results suggest that multiple forms of mRNAs exist farkiteeceptor in the
rat testis, and they are regulated differentially during postnatal developmentoge Academic Press, Inc.

The c-kit receptor is a cell surface receptor expressed in the gonads of both sexes (1-3). I
testis, c-kit receptor has been localized to Leydig cells (1,4) and spermatogonia (2,4,5).
intracellular kinase domain of theekit receptor is tyrosine-phosphorylated in rat type A spermatc
gonia (5) in response to the kit ligand (stem cell factor, steel factor) produced by testicular Se
cells (6). In the mouse testis, the expression ofttté receptor has been demonstrated throughot
all stages of male germ cell development after birth (2,7). The c-kit receptor is a single copy ¢
and was first cloned from a mouse brain cDNA (8). In both mouse and human tissues, two n
c-kit receptor isoforms have been described (9—11). In mature mouse testis, a&ktkéceptor
MRNA is expressed at high levels in spermatogonia and two mRNA transcripts of 3.2 and 2.2
are expressed in spermatids (7). The full length coding sequence forkiheeceptor is 3.8 Kb.
Therefore, the smaller transcripts presumably code for the truncated versionsceffitreceptor
(12). Little is known about the mechanisms of the testis-specific and developmentally regul
expression ot-kit receptor mRNAS. Also it is not clear as to which truncated transcript is mo
abundant in the testes at a specific stage of development, nor do we know the exact numk
transcripts in the testes. In addition, we do not know whether these different transcripts have
biological significance. We undertook the present study as an initial step towards better che
terizing thec-kit receptor mRNA species and their regulation during postnatal development of
rat testis.

MATERIALS AND METHODS

RNA isolationTestes from 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 17, 20, 30, 40 day old, and adult rats were obte
and total RNA was isolated using the Tri-X reagent RNA isolation kit (Molecular Research Center, Cincinnati, Ol
according to the manufacturer’s instructions.

First strand cDNA synthesi$he first strand of cDNA was synthesized following the protocol of the Stratascript RT/PC
kit (Stratagene, San Diego, CA). Teug of total RNA were reconstituted in 3@l of diethylpyrocarbonate-treated water
(DEPC-water) and 3u of random hexamer oligo primers (300 ng) were added to each reaction tube. The tubes v

1 Present Address: National Institute of Immunology, New Delhi, India.
2To whom correspondence should be addressed. Fax: (202) 687-1823.

104

0006-291X/96 $12.00
Copyright © 1996 by Academic Press, Inc.
All rights of reproduction in any form reserved.



Vol. 218, No. 1, 1996 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

incubated at 65° C for 5 min and then cooled slowly to room temperature for about 10 min. To eachigub&18X first
strand synthesis buffer, il of RNAse block nuclease inhibitor, pl of ANTPS (10 mM each), and il of RNAse H-
reverse transcriptase (50 unjty/ were added. The reactants were mixed gently and incubated at 37°C for 1 hr. The tu
were further incubated at 95°C for 5 min to inactivate the enzymes. The reaction mixtures were then placed on ice, or
at —20°C until used.

Polymerase chain reaction (PCRjhe PCR amplification was carried out in a 1@Dreaction volume containing 10l
of reaction buffer, 5ul of 10 mM dNTPs each, 50 pmole of each primer, 445f template DNA, 1ul of Taq Polymerase
(Perkin Elmer Cetus), and il of Taq extender PCR additive (Stratagene, San Diego, CA). The reaction mixture w
overlaid with an equal volume of mineral oil. Prior to PCR cyclic amplification, the reaction mixtures were incubatec
95°C for 4-5 min, and then cooled at room temperature for 5 min. PCR amplification of the cDNA was performed |
Thermal Cycler (McCoy) for a total of 35 cycles followed by an eventual extension at 72°C for 8 min. Depending upon
sets of primers used, their respective optimal denaturation, annealing and extension temperatures were adjuste
samples were soaked at 4°C until used for analysis.

To ascertain the quality of the first strand of cDNA synthesized, a control PCR with a set of primers for ubiquitot
expresseg-actin (Stratagene, San Diego, CA) was performed. The amplified product corresponded to the expectec
(245 bp). Seven sets of oligonucleotide primers were designed based on the publisti&d rateptor cDNA sequence
(13), and the details of these oligonucleotide primers are shown in Fig. 1. The positions of the forward and reverse pri
and the sizes of the resultant amplified products are also included. Using these different sets of primers, testicular
was amplified following the protocol described above.

Southern hybridizatioriThe PCR products were separated on 1.5% agarose gel LsinTAE Buffer. The smaller size
products, less than 500 base pairs, were separated on 2% agarose gel. The DNA was transferred onto Duralon me
(Stratagene, San Diego, CA) following the capillary transfer method. The blots were then hybridized overnight
32p-labeledc-kit receptor cDNA lacking the primer sequences. After hybridization, blots were subjected to stringe
washes and exposed for 5-15 mins or longer to obtain optimal signals.

The ratc-kit cDNA used for hybridization of PCR products was a full-length probe of 3816 bp extending from —44 ba
upstream of the start codon to theuhtranslated region of the message (13). The fragments lacking primer sequences \
generated using appropriate restriction enzymes.

RESULTS

RT-PCR Analysis for C-kit Receptor mMRNA Expression during Postnatal Development of the
Rat Testis

The results of Southern analysis of PCR products obtained using different sets of primers fo
c-kit receptor throughout postnatal development of the rat testis are described below. To exc
the possibility that variations between different ages were due to the difference in quantity of |
product present in all the lanes, verification was done by hybridizatiof-faetin. PCR product for
B-actin was of the expected size (245 bp), and there were no significant differences in qua
throughout the postnatal period and in the adult. For analytical purposes, the relative intensiti
the hybridization signals (intensity of each band of c-kit receptor transcript divided by the inten
of the respectivg3-actin signal) were calculated by assigning a relative intensity value of 1
arbitrary units to the values obtained for each transcript on day 1 or 2.

PCR with the Primer Sets Designed to Amplify Regions in the Extracellular Domain of the
C-kit Receptor

The primer set of 1 and 3 (see Fig. 1) from nucleotide 17 to 867 gave rise to the expected
bp product, and additional products of 400 bp, 600 bp, and 1.5 Kb (Fig. 2, top panel). The le
of 400 bp transcript increased significantly by day 15 and declined to basal levels by day 40,
in adults. Although the 600 bp transcript followed the same course, the levels on day 40 and i
adult were much higher in comparison to the 400 bp transcript. The levels of the 850 bp pro
increased progressively from day 1 to day 17, and stayed at that level through day 40 and ii
adult. However, the level of the 1.5 Kb transcript was very low between days 1-5, and t
progressively increased from day 6 to day 17, and declined to the level seen on day 9 by dé
and in the adult (Fig. 2, bottom panel).

Similarly, primers 2 and 3 (Fig. 1) spanning the nucleotide 73 to 867 also revealed four be
in the range of 400 bp to 1.2 Kb (Fig. 3, top panel). The expected 794 bp product (Fig. 3, bott
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FIG. 1. Schematic representation of reverse transcriptase polymerase chain reaction (RT-PCR) with different se
primers. The relative positions of sense and antisense primers are shown in the map. The vertical arrows from left tc
(1-9) show the position of sense and antisense nucleotides used for the PCR reaction. Primer huiGB&ET-
CAGAGTCTAGCGCAGQG) refer to nucleotide position 1Z(TGCTCTGCGTCCTGTTGGTC) to 78 (CCTGGCGTTC-
GTAATTGAAGTC) to 867,4 (TGCTTTGGTTGTCGGATTTG) to 1158 (AGGAGATAAATGGGAACAATTATGT)
to 1732,6 (AGCTGCGTTGGGTCTATGTA) to 17777 (TAGCCAGAGACATCAGGAATGA) to 2485,8 (CTTCCTT-
GATCATCTTGTAAAACTT) to 2569 and9 (GTATGAACGCATACAACGTA) to 3733, respectively. A set @ actin
primers (GTGGGCCGCTCTAGACACCA and CGGTTGGCCTTAGGGTTCAGGGGGG) (Stratagene, San Diego, C
was used as positive control. The horizontal lines show the orientation of the oligo primers and the numbers flanked t
lines show the product length.

panel) and the 600 bp transcript were expressed throughout the postnatal period and in the
however, the level of expression was high on day 3, declined significantly by day 9 below the le
observed on day 1, and then increased significantly by day 10 and maintained a steady level
day 10 to day 40 and in the adult. Interestingly, two additional transcripts of 400 bp and 1.2
were strongly expressed between days 10-20 only.

PCR forc-kit performed with the primers 2 and 4 gave the expected product of 1085 bp, and
additional bands of 1.6 Kb and 1.8 Kb (Fig. 4, top panel). Quantitative analysis of the 1085 bp k
by densitometry revealed that the levels of this mMRNA transcript were low on day 2, increaset
fold by day 15, remained steady until day 30, declined to very low levels on day 40, and was be
detectable in adult testes (Fig. 4, bottom panel). Of the two additional transcripts observed, th
Kb transcript was expressed steadily from day 2 to day 40 of age, whereas the 1.6 Kb transcrip
expressed only on day 20, 30, and 40 (Fig. 4).

PCR with the Primer Set Amplifying Both Extracellular and Transmembrane Regions of
C-kit Receptor

The primer set 1 and 6 (Fig. 1) spanning nucleotides 17 through 1777 revealed multiple b:
in the range of 600 bp to 3.1 kb (Fig. 5, top panel). The expression of the expected 1760 bp |
was fluctuating throughout the postnatal period (Fig. 5, bottom panel). However, the expres
was significantly higher on days 13 and 20. Of the other four discernible bands (600 bp, 1.2
1.5 Kb and 3.1 Kb), the levels of the 600 bp, 1.2 Kb and 1.5 Kb transcripts increased progressi
from day 2 to day 30, and then declined slightly on day 40 and in the adult. Although the expres
of the 3.1 Kb transcript was similar to the other 3 transcripts, its levels were significantly redu
on day 40 and in the adult.

PCR with the Primer Sets Designed to Amplify Regions within the Cytoplasmic Domain
Including 3 Untranslated Sequences of C-kit Receptor

PCR amplification with primers 5 and 8 (Fig. 1) from nucleotide 1732 to 2703 revealed
major bands. Besides the 971 bp expected product, another low molecular size band of 400 b
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FIG. 2. RT-PCR amplification ot-kit receptor gene segments from rat testis during the postnatal period using sense
antisense primers (1 and 3) corresponding to the rat lsrsincDNA. Total RNA isolated from 1- to 40-day-old and adult
rats were reverse transcribed and then amplified by PCR. Aliquots of PCR product were run on a 1.5% agaros
containing ethidium bromide, transferred to nylon membranes, and hybridized3Rithbeled with rat-kit cDNA lacking
primer sequences (A). The reverse transcribed total RNA was also amplified using specific primgsacfor, and the
products were run on a 2% agarose gel and stained with ethidium bromide (B). Intensity of thectki ianscript relative
to B-actin signal is shown in (C). The data were normalized by assigning a value of 1.0 arbitrary unit to the ratio obta
for each transcript on postnatal day 1. The results shown are representative of 3 different experiments.

seen in all the samples. The level of expression of both was uniform throughout the postnatal p
and in the adult.

The set of oligo primers 7 and 9 (Fig. 1) spanning the cDNA from 2485 to 3733 gave |
expected size band of 1248 bp and an additional band of approximately 600 bp. Both tl
transcripts were expressed uniformly in immature and in adult testes.

PCR with the Primer Set Amplifying Sequence Encoding for the Full-Length C-kit Receptor

PCR performed with primers extending between nucleotide 17 to 3733 (primers 1 and 9, Fig
revealed the expected size product of 3716 bp and an additional band of 1.1 kb (Fig. 6, top pe
Both the transcripts were expressed throughout the postnatal period and in adult testis. How
the maximal expression was observed on day 15. The levels of both transcripts were low or
40 (Fig. 6, bottom, panel). Adult testes showed basal levels of expression seen on day 1.

DISCUSSION

Although thec-kit receptor has been cloned from the rat brain (13) and its expression
phosphorylation in response to kit-ligand in rat spermatogonia has been reported (5), very litt
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FIG. 3. RT-PCR amplification ot-kit receptor gene segments from rat testis during the postnatal period using sense
antisense primers (2 and 3) corresponding to the rat lorkincDNA. Total RNA isolated from 1- to 40-day-old and adult
rats were reverse transcribed and then amplified by PCR. Aliquots of PCR product were run on 1.5% agarose gel cont
ethidium bromide, transferred to nylon membranes, and hybridized $ftHabeled raic-kit cDNA lacking primer se-
quences (A). The reverse transcribed total RNA was also amplified using specific primgradtin, and the products were
run on 1.5% agarose gel and stained with ethidium bromide. The intensity of the %Sk&Hdpanscript relative tg-actin
signal is shown in (B). Data were normalized by assigning a value of 1.0 arbitrary unit to the ratio obtained for ¢
transcript on postnatal day 1. The results shown are representative of 3 different experiments.

known about the messenger ribonucleic acids encodingctkié receptor and their regulation
during postnatal development in the rat testis. The present study reveals the existence of mt
c-kit receptor messenger ribonucleic acids using reverse transcriptase-polymerase chain re
analyses ot-kit receptor mMRNAs isolated from postnatal and adult rat testes.

RT-PCR analysis using different primer sets specific for sequences coding the extracel
domain of the receptor revealed that at least 5 MRNA transcripts are present in testes obtainec
1-30 day old rats (Figs. 3—6). Since the testes from 1-3 day old rats consists of supporting
(Sertoli cells and myoid cells), gonocytes, and precursor Leydig cells (14), the transcripts obse
(one or two) must have originated from either gonocytes and/or precursor Leydig cells. Howe
Manova et al (2) failed to localize the-kit receptor in gonocytes b situ hybridization, and
Yoshinaga et al (4) reported weak or faint expression-&it in gonocytes in testis from neonatal
mouse. They concluded that in mouse, gonocytes and primitive type A spermatogonia da
express the-kit receptor. Based on this conclusion, it could be presumed that these transcripts |
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FIG. 4. RT-PCR amplification ot-kit receptor gene segments from rat testis during the postnatal period using sense
antisense primers (2 and 4) corresponding to the rat lorhkincDNA. Total RNA isolated from 2- to 40-day-old and adult
rats were reverse transcribed and then amplified by PCR. Aliquots of PCR product were run on 1.5% agarose gel cont
ethidium bromide, transferred to nylon membranes, and hybridized 3fftHabeled ratc-kit cDNA lacking primer se-
quences (A). The reverse transcribed total RNA was also amplified using specific primers for < gkb>-actin, and the pro
were run on 1.5% agarose gel and stained with ethidium bromide (B). The intensity of the 1088timanscript relative
to theB-actin signal is shown in (C). The data were normalized by assigning a value of 1.0 arbitrary unit to the ratio obta
for each transcript on postnatal day 2. The results shown are representative of 3 different experiments.

originated from precursor Leydig cells. Between days 3 and 10, the number of transcripts obte
with different sets of primers increased to either 3 or 5. During this period, primitive spermatogc
proliferate giving rise to type A spermatogonia (14). A few intermediate and type B spermatogc
are also formed. The newer transcripts observed could be attributed to the expressi&it of
receptor by type A spermatogonial cells. Both Manova et al (2) and Yoshinaga et al (4) obse
labeling of type A spermatogonial cells and Leydig cells between days 6—12 postnatal in mo
Further, they observed labeling of type B spermatogonia and preleptotene spermatocytes fror
13 to 19 postnatal in mouse. Analogous to their finding, the expression of different transcr
between day 10-20 postnatal in the rat testis was high. At this time period in rats, at least
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FIG. 5. RT-PCR amplification ot-kit receptor gene segments from rat testis during the postnatal period using sense
antisense primers (1 and 6) corresponding to the rat lorlkincDNA. Total RNA isolated from 2- to 40-day-old and adult
rats were reverse transcribed and then amplified by PCR. Aliquots of PCR product were run on a 1.5% agaros
containing ethidium bromide, transferred to nylon membranes, and hybridized®3®itlabeled ratc-kit cDNA lacking
primer sequences (A). The reverse transcribed total RNA was also amplified using specific primgacfor, and the
products were run on a 1.5% agarose gel and stained with ethidium bromide. Intensity of the T7ki0ttamscript relative
to B-actin signal is shown in (B). The data were normalized by assigning a value of 1.0 arbitrary unit to the ratio obta
for each transcript on postnatal day 2. The results shown are representative of 3 different experiments.

generations of germ cells consisting of type A spermatogonia, intermediate type spermatog
type B spermatogonia, and spermatocytes (leptotene/zygotene) are present (14). Since all the
spermatogonial cell types have been shown to expresg-iiereceptor in mouse (2,4), it is
possible that different cell types may express different form ofdiét receptor. The relative
number of spermatocytes/spermatids to spermatogonial cells increases enormously beyond
natal day 20. Since total RNA from the whole testis was used in the present study, only tt
MRNA transcripts which are in substantial quantity are amplified.

Interestingly, PCR using a set of primers (1 & 6) which amplified sequences between nuclec
17 and 1777 encoding the entire extracellular domain and transmembrane domain, and a very
portion of the cytoplasmic domain upstream of the kinase region revealed 5 transcripts. Sinc
these transcripts corresponded with one or the other transcripts detected with primer sets whic
not amplify the coding sequences for the transmembrane domain and a portion of the cytopla
domain, it is possible that all the transcripts originated from the alternate splicing of mRI
sequences within the extracellular domain. The most surprising observation was that when we
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FIG. 6. RT-PCR amplification ot-kit receptor gene segments from rat testis during the postnatal period using sense
antisense primers (1 and 9) corresponding to the rat lorkincDNA. Total RNA isolated from 1- to 40-day-old and adult
rats were reverse transcribed and then amplified by PCR. Aliquots of PCR product were run on a 1.5% agaros
containing ethidium bromide, transferred to nylon membranes, and hybridizecPsRittabeled raic-kit cDNA lacking
primer sequences (A). The reverse-transcribed total RNA was also amplified using specific prim@acfor, and the
products were run on a 1.5% agarose gel and stained with ethidium bromide (B). The intensity of the 8#&i6ifapscript
relative toB-actin signal is shown in (C). The data were normalized by assigning a value of 1.0 arbitrary unit to the r
obtained for each transcript on postnatal day 1. The results shown are representative of 3 different experiments.

primer sets which amplified sequences encoding for the cytoplasmic domain with or withend 3

untranslated sequences, only two transcripts were observed. The larger transcript was c
expected size product, and therefore contained the entire coding sequence for the cytopl:
domain. The smaller one must apparently be lacking some of the intervening sequences. A 3
c-kit mRNA transcript encoding a truncated receptor consisting of C-terminal 190 aminoacid:
the c-kit protein has been described (12). This protein lacks the entire extracellular and transn
brane domains and the kinase insert region of the cytoplasmic domain. However, this transcrif
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been cloned from post-meiotic germ cells, and its expression in mouse spermatids has
demonstrated (7). In addition a 2.3 Kb transcript has also been reported in mouse spermatid
Although the smaller transcript could represent one of these proteins, the expression of
transcript during early postnatal development before the appearance of post-meiotic germ
suggests that either this transcript is different from those reported or the expression of this tran:
during early stages of development is too low to be detected by Northern blot analysis. Inte!
ingly, only two transcripts were observed when PCR was performed with primers 1 and 9 (nuc
tide sequences between 17 and 3777) using Taq extender polymerase (Stratagene, San Dieg
These two transcripts may again represent the two alternate forgx&ibflescribed for different
tissues which have in-frame addition or deletion of codons 510-513 encoding four aminoacic
the extracellular domain (9,11,15), or the two transcripts with addition or deletion of sequence
the cytoplasmic domain as described above in our study.

In conclusion, we have identified for the first time multiplekit receptor mRNA transcripts in
the rat testis which originate as a result of addition or deletion of sequences in the extracellul
cytoplasmic domains, and demonstrated their differential expression during postnatal develop
of testis. The cloning and sequence analysis of these transcripts are underway. Further stuc
determine the cell-specific expression of these transcripts within the testis and their bioloc
significance are necessary to establish the role oftctki receptor in spermatogenesis.
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