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Abstract: Sertoli cells under the influence of Follicle Stimulating Hormone are known to provide a microenvironment for 

the growth and differentiation of germ cells. Follicle Stimulating Hormone regulates proliferation of Sertoli cells only 

during the early neonatal period and during adult period it regulates functional parameters like Transferrin, Androgen 

binding protein and other factors needed for germ cell differentiation and how this is achieved is not known. In an attempt 

to understand the differential action of Follicle Stimulating Hormone on the Sertoli cells, we employed the approach of 

neutralization of endogenous Follicle Stimulating Hormone in neonatal rats for a very limited period and study the effect 

on the regulation of gene expression by Differential Display RT-PCR analysis. One of the transcripts was found to be 

down regulated following neutralization of endogenous Follicle Stimulating Hormone in the neonatal rats and it shared 

identity with Intracisternal A particle element, an endogenous retrovirus. Often integration of Intracisternal A particle into 

host genes and its regulation result in growth factor independence suggesting a role in proliferation. Interestingly, the 

expression of Intracisternal A particle transcript is not regulated by Follicle Stimulating Hormone in the adult rat Sertoli 

cells suggesting a possible reason for stimulation of proliferation of Sertoli cells by Follicle Stimulating Hormone only in 

the neonatal rats. 

INTRODUCTION 

 Sertoli cells play a very crucial role in male reproduction 
by serving as nurse cells for the spermatogonial cells. The 
spermatogonial cells continue to divide, although the 
proliferation of Sertoli cells ceases shortly after birth in 
rodents. In rats, the Sertoli cell proliferation begins during 
the prenatal period and continues up to day 15-18 postnatal; 
beyond this period the Sertoli cells do not divide [1]. Follicle 
Stimulating Hormone (FSH) is the main mitogen for Sertoli 
cells [2-8]. The exit of Sertoli cells from the cell cycle does 
not appear to be due to decrease in FSH as its levels raises 
steadily during early postnatal development in rodents [9]. 

 During our studies to understand the mechanism of 
differential response of Sertoli cells to FSH by way of 
proliferation only in the immature rat, we subjected the RNA 
isolated from purified Sertoli cells from normal monkey 
serum (NMS) and specific antiserum (a/s) to ovine FSH 
(FSH a/s) treated immature rat to differential display RT-
PCR (DD-RT-PCR) analysis. One of the differentially 
expressed transcripts was found to share the sequence with 
Intracisternal A Particle (IAP) like element and results of 
this study are presented in this paper. The objective of the 
present study is to investigate the possible significance of the 
decreased expression of IAP in Sertoli cells following 
neutralisation of endogenous FSH in immature male rats. 
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MATERIALS AND METHODS 

Animals and Treatment 

 Seven-day old and 90-day old male Wistar rats were 
obtained from the Central Animal Facility, Indian Institute of 
Science, Bangalore, India and maintained under standard 
conditions (12 hrs of light and 12 hrs of dark schedule, with 
water and pelleted food ad libitum). The animal procedures 
employed in the study have been approved by Institutional 
Ethical Committee. 

 Antiserum to highly purified OFSH was raised in adult 
male bonnet monkey (Macaca radiata). The absence of 
contaminating antibodies to Luteinizing Hormone (LH) was 
established by lack of binding to 

125
I-hCG (iodinated human 

chorionic gonadotropin). Also the antiserum when added to 
adult rat Leydig cells in vitro was unable to inhibit the 
stimulation of testosterone production by LH. The effect of 
antiserum to neutralize endogenous FSH was established in 
immature male rats (N=3). Normal monkey serum (NMS) 
administered rats served as controls [10]. 

 Seven-day old immature rats were administered 200 μL 
of FSH a/s or NMS for five days by i.p. route. The effect of 
FSH deprival was monitored by analyzing the proliferation 
per se by determining the BrdU incorporation and analyzing 
the effect on the cell proliferation markers. As a source of 
Sertoli cells from adult animals, 90-day old adult rats were 
administered 300 μL of FSH a/s or NMS by i.p. route twice a 
day for 5 days and on the sixth day Sertoli cells were isolated 
and processed as in the case of immature rats. 
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Isolation of Sertoli Cells and Culture 

 Sertoli cells were isolated from immature rats by previously 
described protocol [10, 11]. Sertoli cells were isolated from 
adult rats using a similar protocol employed for immature rats 
except with some modifications [11]. Briefly, seminiferous 
tubules were digested in 0.15 % of Trypsin (Sigma Chemicals 
Co. St. Louis, MO) and 10 g/ml of DNase (Worthington) in 1X 
HBSS for 20 min. After three washes in 1 X HBSS the tubules 
were subjected to two enzymatic digestions with 1 mg/ml 
collagenase (Worthington) and DNase followed by 1 mg/ml 
collagenase, 1 mg/ml hyaluronidase (Sigma Chemicals Co. St. 
Louis, MO) and DNase for 30 min each. The cells were washed 
thrice with 1 X HBSS and pelleted down by centrifugation. The 
cells were resuspended in 1 ml of Dulbeco’s Minimum 
Essential Medium (DMEM) Ham’s-F12 (Sigma Chemicals Co. 
St. Louis, MO) and counted on hematocytometer chamber. 
Immature Sertoli cells were maintained in DMEM Ham’s-12 
medium containing 10 g/ml insulin (Sigma Chemicals Co. St. 
Louis, MO) and 5 g/ml transferrin (Sigma Chemicals Co. St. 
Louis, MO) at 32˚C in 5% CO2. After 24 hrs of preculture 
Sertoli cells were subjected to hypotonic shock by replacing the 
medium with medium:water::1:10. The purified Sertoli cells 
were either used for isolation of RNA or protein or for in vitro 
incubation. Purified immature and adult rat Sertoli cells were 
incubated for 8 hrs in medium containing 250 ng/mL OFSH for 
the in vitro studies (OFSH was a kind gift from Dr. M. R. 
Sairam, IRCM, Montreal) or vehicle (medium only). Viability 
of the immature and adult rat Sertoli cells at the end of 
experiments was assessed by MTT (3-4-,5 dimethylthizol-2yl-
2,5,diphenyl-tetrazolium) assay as described earlier [12]. The 
purity of the Sertoli cells was determined by assessing for the 
absence of germ cells as monitored under the phase contrast 
microscope. The purity of the Sertoli cells was more than 95%. 
This was possible as on day 13 after birth the testis will mostly 
have Sertoli cells and germ cells and Sertoli cells are three times 
the size of germ cells and they can be easily distinguished under 
phase contrast microscope. The absence of Leydig cells and 
myoid cells in the Sertoli cell preparation was ascertained by 
checking for LH receptor by RT-PCR and staining for 
alkalinephosphatase respectively [10]. 

BrdU Incorporation Assay 

 Fifty thousand Sertoli cells from FSH a/s or NMS treated 
immature rats were cultured in two sets of triplicates in a serum-
free (DMEM Ham’s-F12) medium supplemented with insulin 
(10 μg/mL) (Sigma Chemical Co., St. Louis, MO, USA), and 
transferrin (5 μg/mL) (Sigma Chemical Co., St. Louis, MO, 
USA) along with or without 250 ng/mL of OFSH. Cells were 
cultured at 32°C in 5% CO2. After 16 hrs, the cells were pulsed 
with 10 μM BrdU and incubated for 4 hrs. The BrdU 
incorporation was assessed using Cell Proliferation ELISA 
Biotrak

TM
 System as per the manufacturer’s protocol 

(Amersham-Pharmacia Biotech., UK). Briefly, the medium was 
removed and the cells were fixed in 100 μL of fixative for half 
an hour. The fixative was removed and the wells were blocked 
by adding 200 μL of 1:10 diluted blocking buffer for another 
half an hour. The wells were then incubated with -BrdU- 
horseradish-peroxidase (HRP) conjugated monoclonal antibody, 
diluted (1:100 in antibody dilution solution), for 90 min. The 
wells were washed three times in 1:10 diluted wash buffer. 
Color was developed by incubating the wells with the HRP 
substrate 3,3’,5,5’-tetramethylbenzidine (TMB). The reaction 

was stopped using 1 M H2SO4 and the optical density was 
determined in the ELISA reader (Molecular Devices) at 450 
nm. Viability of the Sertoli cells at the end of experiments was 
analyzed by MTT assay. 

Semi-Quantitative RT-PCR 

 Total RNA was extracted from cells or tissues using 
TRI

®
 reagent (Sigma Chemical Co., St. Louis, MO, USA). 

RT-PCR was carried out as previously described (10). PCR 
amplification was carried out using specific primers [Cyclin 
A2 FP 5’CGTGGACTGGTTAGTTGA3’; Cyclin A2 RP 5’A 
TGGCAAATACTTGAGGT3’; Cyclin E FP 5’CATGGAAC 
TGATGATGATGAA3’; Cyclin E RP 5’CTCCAACGAGG 
AAAAATGATA3’; Cyclophilin FP 5’GTGGCAAGTCCAT 
CTACG3’; Cyclophilin RP 5’CAGTGAGAGCAGAGATT 
ACA3’; IAP FP 5’CGATGGAAGCCTTGGTTT3’; IAP RP 
5’GCTTCCTCACATCGTTTATCC3’; p27 

kip1 
FP 5’CAGC 

TTGCCCGAGTTCTA3’; p27 
kip1 

RP 5’TCGGGGAACCGT 
CTGAAAC3’]. Cyclophilin was used as an internal control. 

Differential Display RT-PCR Analysis 

 Total RNA, free of genomic DNA with an A260/280 
ratio of 1.8 and above was used for the DD-RT-PCR analysis 
as described by Linskens [13], which is a modified protocol 
of Liang and Pardee [14]. In brief, 1 g of RNA was reverse 
transcribed with anchored primer of sequence 5’ 
GCGCAAGCTTTTTTTTTTTTNN 3’ (N=A, G, C or T). A 
control reaction without adding reverse transcriptase was 
included to confirm the absence of non-specific 
amplification from genomic DNA. The cDNA corresponding 
to 40 ng of RNA was PCR amplified using arbitrary primer 
of sequence 5’ CGGGAAGCTTGCTAAGACTAGC 3’ in 
the presence of 

32
P-dCTP. The PCR conditions involved 

four cycles of low stringency (94°C-45s, 41°C-60s, 72°C-
60s) and 18 cycles with high stringency (94°C-45 s, 60°C-45 
s, 72°C-120 s) followed by primer extension at 72°C for 10 
min. The electrophoresis of heat denatured PCR products 
was carried out on urea-PAGE gel (6% polyacrylamide and 
48% urea). The gels were dried and exposed to X-ray film 
for 10-12 hrs. The cDNA bands which were differentially 
displayed on the radiograph were excised with a sterile razor 
and soaked in TE to release cDNA The solution containing 
cDNA was PCR amplified using the same set of anchored 
and arbitrary primers which were used in the DD-RT-PCR. 
The PCR-amplified cDNA was sequenced and the sequence 
identity was established by carrying out BLAST analysis in 
the NCBI nucleotide database. 

Multiple Sequence Alignment 

 Multiple alignments of two or more DNA sequences 
were carried out using the multiple sequence alignment 
program ClustalW 1.8 at the BCM search launcher [15] 
(http://searchlauncher.bcm.tmc.edu). The program aligns the 
first entered sequence to all other sequences entered. Shading 
of the multiple alignments was carried out using the program 
BOXSHADE 3.21 (EMBnet server;http://www.ch.embnet. 
org/software/BOX_ form.html). 

Northern Blot Analysis 

 Poly A + RNA was isolated from highly purified Sertoli 
cells from immature male rats and subjected to Northern blot 
analysis as described earlier [16]. The gag region of IAP 
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(with the sequence of the transcript identified during DD 
RT-PCR analysis) was used as a probe. The blot was washed 
at 65°C twice in 2x SCC for 10 min followed by two washes 
in 0.2x SCC and 0.2% SDS for 15 min each. The blot was 
exposed to phosphor-imager screen for detection of the 
signal. 18S rRNA was used as an internal control. 

Western-Blot Analysis 

 For Western blot, cells were homogenized in ice-cold 
phosphate buffered saline (PBS) (pH 7.4) containing 
complete Protease Inhibitors (Roche Molecular 
Biochemicals, Germany, diluted according to manufacture’s 
instructions) according to previously described procedures 
[17]. Western-blot analysis was carried out using standard 
protocol with mouse monoclonal antibodies for PCNA, 
CYCLIN D1 (Santa Cruz, CA, USA) and -Tubulin 
(Calbiochem, Germany), and rabbit polyclonal antibody for 
p27

kip1 
(Santa Cruz) at a dilution of 1:400. Bound antibody 

was visualized using Enhanced Chemi Luminescence (ECL) 
kit and ECL films (Amersham Pharmacia Biotech., UK) 
according to manufacture’s instructions. Analysis of images 
was carried out using Kodak Electrophoresis and Gel 
Documentation Analysis System (EDAS-120). 

Statistical Analysis 

 Data are represented as Mean ± SEM of at least three 
separate experiments performed using the same treatment 
protocol. For statistical comparison among groups involving 
only two columns (RT-PCRs, Northern blot and Western 
blot analysis of Sertoli cells), significance was evaluated 
using the unpaired two-tailed t-test. For comparison of data 
comprising three or more columns statistical significance 
was evaluated using the two-way ANOVA test. In both 
instances, a ‘P’ value less than or equal to 0.05 was 
considered to be statistically significant. 

RESULTS 

Effect of FSH Deprival on Sertoli Cell Proliferation 

 The importance of FSH in the proliferation of Sertoli 
cells during the early neonatal period was assessed using the 
in vivo model system. The deprival of endogenous FSH for 
five days (from day seven to day eleven) using a specific 
antiserum to FSH resulted in 90% decrease in BrdU 
incorporation in Sertoli cells compared to NMS treated 
control rat Sertoli cells (Fig. 1A). The stimulation in 
proliferation of Sertoli cells isolated from FSH deprived 
group following addition of OFSH (250 ng/mL) was much 
less than that observed in the NMS treated group in which 
nearly two-fold increase in the proliferation was observed 
(Fig 1A). 

 RT-PCR analysis was carried out for the cell cycle 
markers which are involved in the G1-S phase transition. It 
was observed that following neutralization of endogenous 
FSH in immature rats there was a significant (P< 0.05) 
decrease in the level of mRNA expression of Cyclin A2 and 
Cyclin E in Sertoli cells from FSH a/s treated rats compared 
to the Sertoli cells isolated from NMS treated control rats 
(Fig. 1B). It was also observed that the expression of mRNA 
for p27

kip1
 (which is a

 
cell cycle inhibitor protein) 

significantly (P< 0.05) increased in Sertoli cells following  
 

deprival of endogenous FSH in the immature rats compared 
to the NMS treated control (Fig. 1B). Cyclophilin was used 
as an internal control. 

 Western blot analysis was carried out for CYCLIN D1, 
which is an important molecule involved in the progression 
of cell cycle from the G1 phase beyond the restriction point. 
Western blot analysis results revealed that the level of 
CYCLIN D1 was significantly (P< 0.01) reduced following 
neutralization of endogenous FSH. Proliferating cell nuclear 
antigen (PCNA) is a cell cycle marker. PCNA is a subunit of 
DNA -polymerase which is associated with DNA 
replication, and hence cell division. The level of PCNA was 
significantly reduced (P< 0.05) following neutralization of 
endogenous FSH as assessed by Western blot. 

 In addition, Western blot analysis, confirmed that even 
the protein level of p27

kip1
 was significantly increased (P< 

0.01) in the Sertoli cells following deprival of endogenous 
FSH in immature rats (Fig. 1C). Western blot for -Tubulin 
was used as an internal control. 

DD-RT-PCR Analysis 

 In an attempt to assess the involvement of FSH regulated 
genes in mediating the differential action of FSH on Sertoli 
cells from immature and adult rats, the effect of 
neutralization of endogenous FSH in immature rats was 
assessed. DD-RT-PCR analysis was carried out using RNA 
isolated from Sertoli cell of NMS and FSH antiserum treated 
immature rats. Although efforts were made to establish the 
identity of several transcripts which were differentially 
regulated between the NMS and FSH antiserum treated 
groups, the identity of only one transcript could be 
established with certainty. This transcript was found to be 
down regulated in the FSH antiserum treated group of 
immature rat Sertoli cells (Fig. 2A). 

 The transcript was purified and sequence analysis 
revealed that this transcript corresponding to 194 bp shared 
90% identity with IAP (Fig. 2B) and the sequence accession 
number for IAP used in the sequence alignment is U23776.1. 
IAPs are endogenous retrotransposon, which are found in 
more than 1000 copy number in the rat genome [18-21]. 
They consist of three genes gag, pol and env. The env gene is 
defective due to multiple stop codons and mutations and thus 
these retroviruses lack an extra cellular phase and are not 
infectious [21]. 

Validation of the DD-RT-PCR Analysis Results 

 The differential expression of IAP was confirmed by RT-
PCR and Northern blot analysis (Fig. 3A, B). The results of 
RT-PCR analysis confirmed that following deprival of 
endogenous FSH in immature rats there was a significant 
(P< 0.01) decrease in the level of expression of mRNA for 
IAP in immature rat Sertoli cells. Northern blot analysis 
revealed that the transcript of size 1.9 kb was down regulated 
following neutralization of endogenous FSH in immature 
rats (Fig. 3B). The regulation of expression for IAP by FSH 
in the immature rat Sertoli cells was also confirmed under in 
vitro conditions. When the Sertoli cells isolated from 
immature rats were cultured in the presence of FSH, a 
significant (P< 0.01) increase in the expression of IAP was 
observed (Fig. 3C). 
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Fig. (1). Effect of neutralization of endogenous FSH on proliferation. (A) Neutralization of endogenous FSH in immature rats resulted in 

the decrease in the proliferation of Sertoli cells as analyzed by BrdU incorporation assay. Addition of FSH to the Sertoli cells isolated from 

FSH a/s treated immature rats did not increase the incorporation of BrdU and hence the proliferation of Sertoli cells. (B) RT-PCR analysis 

for cell proliferation markers revealed that the mRNA expression of cyclin A2, cyclin E was significantly decreased (P< 0.05) whereas the 

mRNA expression of cell cycle inhibitor p27kip1 was significantly increased (P< 0.05) in Sertoli cells following neutralization of 

endogenous FSH in immature rats. (C) Western blot analysis of NMS and FSH a/s treated immature rat Sertoli cells for cell proliferation 

markers revealed that the level of cyclin D1 (P< 0.01) and PCNA (P< 0.05) was significantly reduced following FSH deprival. Western blot 

analysis result also confirmed the RT-PCR results that the expression of cell cycle inhibitor p27kip1 was significantly up-regulated (P< 0.01) 

following deprival of endogenous FSH in immature rats. The figures are representative of three independent experiments. The values 

represent Mean ± SEM. 
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Fig. (2). DD-RT-PCR analysis: (A) Autoradiograph of the DD-RT-PCR carried out on the RNA isolated from NMS and FSH a/s treated 

immature rat Sertoli cells. One of the transcripts was found to be down-regulated in Sertoli cell following neutralization of endogenous FSH 

in immature rat (marked with the arrow). (B) Box-shade analysis of the sequence of the differential expressed transcript with an endogenous 

retrotransposon namely Intracisternal A particle element (IAP) with which it shared 90% identity. 

����

NMS   FSH a/s(A)

(B)
              *       660         *       680         *       700    

Transcript : ---gcggagaaaagatctg-gatatggaga--ctacagcgggcaagcttaaacc :  48 

IAP   : gtttctttttttctttgtgtggaatagagaagccacagacaacaagcttaagcc : 702 

                 C          T TG G  AT GAGA  C ACAG    CAAGCTTAA CC     

 

                    *       720         *       740         *           

Transcript : agggacaaggccgctttggcgtatgatcccttcctgcttggaagataaacgatg : 102 

IAP   : gggccccaaacctctttggcgaatggtctgtgcctgcttagaggataaacgatg : 756 

              GG  C A  CC CTTTGGCG ATG TC  T CCTGCTT GA GATAAACGATG 

 

              760         *       780         *       800         * 

Transcript : tgaagaagctgttaggacaggtcagagaatccttacagagcaacaggagagtat : 156 

IAP   : tgaggaagctgttaggacaggtcagagggtccttgcagagcatcaacaaagtat : 810 

             TGA GAAGCTGTTAGGACAGGTCAGAG  TCCTT CAGAGCA CA  A AGTAT 

 

                    820         *       840         *       860         

Transcript : ggcagaacgagagaaaggt-ttgaaggaaggaaaaaaaa--------------- : 194 

IAP   : gtcagagggagt-aaaggtcttgaaagaaaaaaagaaaagaaaaggagataaaa : 863 

             G CAGA  GAG  AAAGGT TTGAA GAA  AAA AAAA 
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Fig. (3). Validation of the Differential expression of IAP. (A) RT-PCR analysis revealed a significant (P< 0.01) decrease in the expression 

of IAP in Sertoli cells following neutralization of endogenous FSH in immature rat. (B) Northern blot analysis also confirmed that the 

expression of IAP was significantly decreased (P< 0.01) following neutralization of endogenous FSH in immature rats. (C) Regulation of 

IAP in immature Sertoli cells in vitro. RT-PCR analysis of RNA isolated from immature rat Sertoli cells cultured in the presence of 250 

ng/mL of OFSH revealed significant (P< 0.01) increase in the expression of IAP. The figures are representative of three independent 

experiments. The values represent Mean ± SEM. 
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Comparison of Expression of IAP in Immature and 

Adult Rat Sertoli Cells 

 As the objective of the present investigation was to 
compare the immature and adult rat Sertoli cells for 
differential response to FSH, RT-PCR analysis was carried 
out to monitor the level of expression of IAP using RNA 
isolated from the immature and adult rat Sertoli cells. Results 
revealed that the level of expression of IAP was same in 
Sertoli cells isolated from both groups of animals (Fig. 4A). 

Regulation of IAP Expression by FSH in Adult Rat 
Sertoli Cells 

 RT-PCR analysis carried out to monitor the regulation of 
IAP by FSH in adult rat Sertoli cells revealed that following 
deprivation of endogenous FSH using FSH a/s, there was no 
effect on the level of expression for IAP (Fig. 4B). Thus, the 
expression of IAP was regulated by FSH only in the 
immature rat Sertoli cells and not in the adult rat Sertoli 
cells. In this connection, it should be noted, the fact that 
there was a significant decrease in the level of transferrin 
mRNA as assessed by RT-PCR following administration of 
antiserum to FSH to adult rat establishes its efficacy of 
neutralizing endogenous FSH in adult rats [10]. 

DISCUSSION 

 Actions of FSH on Sertoli cells include rapid cellular 
proliferation, inhibition of apoptosis, steroidogenesis and 
differentiation [22]. The importance of these events is to 
sustain optimal production of viable sperms. In an earlier 
study [10], molecular analysis for the cell cycle markers 
Cyclin A2 and PCNA in the 10-day and 90-day old rat 
Sertoli cells revealed that the Sertoli cells are non-
proliferative during the adult stages, although it is 
established that FSH is not a limiting factor in the adult [23-
25]. In earlier studies [10] we have shown that the 
differential action of FSH on Sertoli cells is mediated at the 
level of regulation of FSH receptor, Ca

2+
 signaling, PKI  

and IL-6. 

 The inhibition of the Sertoli cell proliferation by 
neutralization of endogenous FSH was validated by 
analyzing the proliferative status of the cells by BrdU 
incorporation assay as well as by checking for the level of 
cell proliferation markers like Cyclin A2, Cyclin E, CYCLIN 
D1 and p27

kip1
(Fig. 1). 

 In an attempt to identify the possible basis of the 
differential action of FSH with respect to the proliferation of 
the Sertoli cells, DD-RT-PCR analysis was carried. One of 
the transcripts which was found to be down regulated 
following deprival of endogenous FSH showed similarity to 
retrotransposon known as IAP (Fig. 2). The regulation of 
IAP by FSH in the immature rat Sertoli cells was validated 
by RT-PCR as well as Northern blot analysis, confirming the 
authenticity of the DD-RT-PCR results. The results obtained 
from the in vivo studies were confirmed using the in vitro 
system, wherein Sertoli cells isolated from the adult rats 
were cultured in the presence of OFSH. Analysis of RNA by 
RT-PCR for the level of expression of IAP, revealed that 
addition of FSH did not have any effect on the level of IAP 
in the adult rat Sertoli cells (Fig. 4). However, it should be 
noted that the level of expression of IAP as assessed by  
 

semi-quantitative RT-PCR did not differ between the 
immature and adult rat Sertoli cells (Fig. 4). It is possible 
that the regulation of IAP is only in the immature rat Sertoli 
cells and not the absolute level of expression determines the 
proliferation of Sertoli cells by FSH. 

 In their more complete form, IAPs have a genome 
analogous to that of retroviruses except that they have env 
gene defect(s). The env region contains multiple stop codon 
in all reading frames and thus the retrotransposons are 
unable to exit from the cells [21]. IAPs are found in more 
than 1000 copy number in the rat genome [18-21, 26, 27]. 
IAP like other endogenous retroviruses can integrate into 
genes of their host and hence can be regulated along with 
those genes. It is possible that activation or inactivation of 
genes by novel integration of IAP elements contributes to 
tumorigenicity of the cells [21], suggesting a role in 
proliferation. Based on the results obtained in the present 
study one can argue that the suggested link between IAP and 
cell proliferation is based on circumstantial evidence. 
However, it is known that retroviral genes that have been 
integrated into the genome are bordered by short direct 
repeats of host DNA and LTR sequences of about 500-600 
nucleotides. These LTR can influence neighbouring genes 
because they may contain transcriptional regulatory elements 
such as enhancers, promoters, hormone responsive elements 
and polyadenylation sites [28]. Recently the presence of 
retrovirus SC1 in prepubertal Sertoli cells and granulosa 
cells has been reported by other groups also [29]. In this 
connection it is pertinent to note that Type C retroviruses 
have been found in the reproductive tissues of human and 
sub-human primates. One important feature is their apparent 
hormonal responsiveness. It is known that hormone 
responsive elements of MMTV are responsive to glucocorti-
coids [30], progestins, androgens and mineralocorticoids 
[31-33]. It has been shown that T47D human mammary 
carcinoma cell lines produces retroviral particles [34] with 
reverse transcriptase activity [35]. Both HERV-K-10 related 
sequences of T47D cells and the reverse transcriptase 
activity are increased by steroid hormone treatment. 
Interestingly, Sertoli cells are the site of estrogen production 
during the neonatal period as the enzyme responsible for the 
conversion of testosterone to estradiol, namely aromatase, is 
expressed in Sertoli cells of immature rats [36-38]. FSH 
action is important for the regulation of aromatase and the 
synthesis of estrogen in the Sertoli cell. Studies from our 
laboratory have demonstrated that the levels of estradiol, and 
aromatase decrease following neutralization of endogenous 
FSH [39]. It is also known that estrogen synthesis by Sertoli 
cells ceases by day 18 postnatally at which time proliferative 
response of the Sertoli cells to FSH also ceases. It is known 
that subsequently the synthesis of estrogen is taken over by 
the Leydig cells. Thus considering all the above facts it is 
possible that IAP could have integrated in to gene(s) which 
are regulated by estrogen. Because estrogen synthesis in 
response to FSH ceases by day 18 postnatally, it is possible 
that proliferative response to FSH in immature rat Sertoli 
cells also ceases. In the present study, although we have not 
been able to establish the gene in to which IAP could have 
integrated, we believe that we have been able to provide 
sufficient evidence based on which, we can possibly 
conclude that it is regulated by FSH and suggest its possible 
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Fig. (4). Comparison of IAP expression in immature and adult rat Sertoli cells. (A) RT-PCR analysis for comparison of expression of 

IAP in the Sertoli cell isolated from the immature and adult rat showed that level of expression is same in both the stages. (B) Regulation of 

expression of IAP by FSH in adult rat Sertoli cells. The expression of IAP in the NMS and FSH a/s treated adult rat Sertoli cells was same as 

revealed by RT-PCR analysis. (C) Addition of 250 ng/mL of OFSH to the adult rat Sertoli cells in culture also did not increase the 

expression of IAP as observed by RT-PCR analysis. The figures are representative of three independent experiments. The values represent 

Mean ± SEM. 
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involvement in regulation of proliferation directly or 
indirectly by FSH. Thus, the regulation of IAP by FSH 
observed only in the immature Sertoli cells could be of 
significance in mediating the differential action of FSH. 
However, it should be noted that several other factors may 
be involved in regulation of the proliferation of Sertoli cells, 
and the integration of IAP could be one of them. 

 In summary, The results of our study based on DDRT-
PCR analysis of RNA from Sertoli cells isolated from NMS 
and the FSH antiserum treated immature rats suggests that 
one of the possible reasons for the proliferative response of 
Sertoli cells to FSH only in immature rat, could be due to 
insertion of IAP into a gene which could possibly be directly 
regulated by FSH or indirectly through estrogen only in the 
immature rat Sertoli cell. 
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