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The growth factors platelet derived growth factor (PDGF), transforming growth factor alpha (TGF-α) 
and transforming growth factor beta (TGF-β) have been demonstrated to stimulate the in vitro prolife-
ration of theca and granulosa cells in different animals. The present study was conducted to localise 
the growth factors PDGF, TGF-α and TGF-β in different types of interstitial cells and stromal cells of 
normal cycling goat ovaries. Tissue fixed in formalin was processed through a graded series of alco-
hols and embedded in paraffin wax. The sections were immunohistochemically stained with antibo-
dies against PDGF, TGF-α and TGF-β. The binding affinity of interstitial cells and stromal cells were 
observed and photographed. The staining pattern of PDGF, TGF-α and TGF-β was mild to strong in 
stromal cells. The primary and secondary interstitial cells exhibited varied staining patterns for all 
studied growth factors. These findings in goat suggests that PDGF, TGF-α, TGF-β were potentially an 
important autocrine regulator of different cell functions and possibly a paracrine regulator of ovarian 
cell function at various development stages. 
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INTRODUCTION 

The ovary possesses five types of steroi-
dogenic cells i. e. theca and granulosa 
cells in developing follicles, small and 
large antral cells in corpus luteum and 
interstitial cells in stroma (Sharma & 
Batra, 2008). Besides the follicle and cor-
pus luteum, the stroma forms the third 
most important compartment of the ovary 
(Guraya, 2000). Gonadotropins, ovarian 
steroids and various growth factors regu-

late the proliferation and apoptosis of 
ovarian cells (Harman et al., 1975; Hur-
witz & Adashi, 1992; Tilly et al., 1992; 
Hsueh et al., 1994). It has been suggested 
that growth factors influence ovarian 
physiology in different stages of growth 
via endocrine, paracrine and autocrine 
mechanisms (Kaiser et al., 2001; Ulug et 
al., 2007). Various studies have been per-
formed on the expression of growth fac-
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tors viz. platelet derived growth factor 
(PDGF), transforming growth factor alpha 
(TGF-α) and transforming growth factor 
beta (TGF-β) by different cellular compo-
nents of the ovary in several mammalian 
species: humans (Pinkas et al., 2008), rats 
(Kim & Schomberg, 1989) and cows 
(Hernandez et al., 1990). 

Functions of stroma especially that of 
interstitial gland cells in terms of hormone 
output, supplementary growth factors and 
peptides required for the transition of pri-
mordial to primary follicle, follicular re-
cruitment, selection of follicles for growth 
and then induction of apoptotic changes 
are largely regulated by stromal compo-
nents which are considered quiescent and 
nonfunctional in most of the studies (Gu-
raya, 2000). The cytochemical and histo-
chemical characteristics of various inter-
stitial cell types suggest that they consti-
tute the steroid producing cells of the 
ovarian stromal compartment (Guraya, 
1991). Multiple studies have been per-
formed in various mammalian species to 
demonstrate the roles of PDGF, TGF-α 
and TGF-β protein in various aspects of 
ovarian development. However, to our 
knowledge, scanty literature is available 
that compares the expression and localisa-
tion of PDGF, TGF-α and TGF-β in the 
intersitial and stromal cells of the caprine 
ovary. Thus, the aim of the study was to 
determine the expression and localisation 
of PDGF, TGF-α and TGF-β in the stro-
mal cells and interstitial gland tissue of 
caprine ovary. 

MATERIALS AND METHODS 

Cervical mucus samples were collected 
using plastic pipettes, to confirm the es-
trous stage. Immediately after collection, a 
smear was made using a drop of fresh 
mucus and then left to dry. The samples 

were examined with a low power micro-
scope (Olympus, 10×) to observe a clear 
crystallised ferning pattern with long 
stems and clear venation fern visible dur-
ing the mid-estrous stage. Goat ovaries 
(n=10) of mid estrous phase were pro-
cured from the nearby abattoir at 4 oC. 
The ovaries were placed in 10% neutral 
buffered formalin for 24 h and processed 
for paraffin embedding. Thereafter, im-
munohistochemistry was performed ac-
cording to the method of Roy & Kole 
(1995), where sections were cut at 5 µm 
thickness and taken on Poly-L-lysine 
coated slides. The sections were dried 
overnight at 37 oC, deparaffinised in xy-
lene and rehydrated in a graded ethanol 
series. After washing in PBS, the epitopes 
were activated by microwaving the sec-
tions for 10 minutes to 100 oC at 600 W in 
citrate buffer (pH 6.0). After microwave 
treatment, the sections were washed in 
PBS before being incubated for 5 minutes 
with ultra V to block nonspecific back-
ground staining. Thereafter, the sections 
were washed in PBS and incubated over-
night at 4 oC with PDGF, TGF-α and 
TGF-β antibodies produced in rabbit 
(1:50). After washing in PBS, sections 
were exposed for 45 minutes with bioti-
nylated secondary antibody (goat anti rab-
bit IgG) diluted (1:200) in phosphate-
buffered saline containing 1% normal goat 
serum. The selected sections were washed 
again in PBS and then incubated for 10 
minutes with streptavidin alkaline phos-
phatase. The sections were rinsed in 
buffer, stained with fast red tablets dis-
solved in napthol phosphate substrate for 
1020 minutes. The sections were then 
counterstained with haematoxylin and 
mounted in glycerol. Slides were observed 
under the microscope and photographed. 
Immunohistochemical localisation of 
PDGF, TGF-α and TGF-β was performed 
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using specific monoclonal antibody (Cal-
biochem, Camarillo, CA, USA) and an 
immunostaining kit (Lab Vision Corpora-
tion, Warm Springs Blud. Fremont, CA, 
USA) was employed. In the evaluation of 
staining, (+) has been used for weak stain-
ing, (++) for mild staining and (+++) has 
been used for strong staining patterns. 

RESULTS  

During the present study, observed bind-
ing patterns for different growth factors 
(PDGF, TGF-α, and TGF-β) to different 
cellular components such as the stromal 
cells, primary interstitial gland cells and 
secondary interstitial gland cells of the 
goat ovary were of various affinity (Table 
1). Interstitial gland cells, present in clus-

ters or rows surrounding the developing 
and atretic follicles, corpus luteum and 
corpus albicans, constituted the main por-
tion of stroma and were distinguished 
from the undifferentiated stroma, connec-
tive tissue by their glandular appearance, 
large size and prominent nucleus. The 
elliptical to polygonal shaped primary 
interstitial calls exhibited mild staining for 
PDGF when compared to the spherical 
shaped secondary interstitial cells exhibi-
ting strong staining pattern. The uniformly 
stained cytoplasm was coarsely granulated 
with a prominent darkly stained nucleus 
(Fig. 1A, B). The stromal cells lying out-
side the different follicles were more or 
less spindle shaped, having coagulated 
cytoplasm. For PDGF, these fibroblast 
type stromal cells showed a strong stain-

Table 1. Pattern of reactivity of growth factors in different components of the normal cycling goat 
ovary 

Growth factors Stroma Primary interstitial 
gland cells 

Secondary interstitial  
gland cells 

Platelet derived growth factor       +++ ++ +++ 

Transforming growth factor α      ++ ++ + 

Transforming growth factor β      ++ +++ +++ 

 

Fig. 1. Immunohistochemical localisation of PDGF in goat ovaries. Primary interstitial gland cells 
(circle) showing mild reactivity and secondary interstitial cells (arrow) exhibiting strong reactivity 
(asterisks). Stromal cells (arrowhead) with strong staining pattern are also visible. Bar=10 µm.  
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ing pattern which was uniform throughout 

the cytoplasm (Fig. 1A, B).  
Immunostaining observed for TGFα in 

both primary and secondary interstitial 
cells was mild and weak respectively (Fig. 
2A, B), whereas for growth factor TGF-β, 
both primary and secondary interstitial 
gland cells gave strong staining pattern 
(Fig. 3A, B). Immunostaining for TGF-β 
was also localised in theca cell layers of 
primordial follicles which further prolifer-
ated to form several layers of cells around 
the follicle. In case of stromal cells, im-

munohistochemical localisation for the 
protein TGF-α showed mild staining in-
tensity (Fig. 2A, B), also during the loca-
lisation of TGF-β, reactivity observed was 
mild for these cells (Fig. 3A, B). The in-
tercellular spaces between the cells were 
darkly stained for all studied growth fac-
tors.  

DISCUSSION 

In the present investigation, binding pat-
terns for different growth factors (PDGF, 

 

Fig. 2. Localisation of TGF-α in caprine ovary. Note the stromal cells (arrowheads) showing mild 
reactivity. The primary interstitial gland cells (circle) exhibited mild reactivity and the secondary 
interstitial cells (arrow): weak staining pattern. Bar=40 µm. 

 

Fig. 3. Immunohistochemical localisation of TGF-β in goat ovaries. Stromal cells (arrowhead) lying 
adjacently to the IGT are very mildly stained. The primary interstitial gland cells (circle) and secon-
dary interstitial gland cells (arrow) both are strongly reactive to the TGF-β protein. Bar=10 µm (left) 
and 40 µm (right). 
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TGF-α and TGF-β) to different cellular 
components of the goat ovary revealed 
varied affinity. Interstitial gland cells 
which were usually found to be present in 
clusters or rows surrounding the develop-
ing and atretic follicles, corpus luteum and 
corpus albicans, constituted the main por-
tion of stroma and were distinguished 
from the undifferentiated stroma, connec-
tive tissue by their glandular appearance, 
large size and prominent nucleus. For 
PDGF, primary interstitial cells exhibited 
mild staining compared to the spherical 
shaped secondary interstitial cells exhibi-
ting strong staining pattern. Our results 
are in accordance with the study carried 
out by Nilsson et al., (2006) who have 
reported that the oocyte produces PDGF, 
that subsequently acts upon surrounding 
granulosa and interstitial cells to promote 
primordial follicle transition, suggesting 
the role of interstitium in follicular deve-
lopment and growth in the caprine ovary. 

Immunostaining observed during the 
present study for TGF-α in both primary 
and secondary interstitial cells was mild 
and weak respectively which is further 
validated by the previous studies estab-
lishing the localisation of TGF-α in the 
theca interstitial cells of the rat ovary 
(Kudlow et al., 1987). Therefore, present 
findings support the role of interstitium in 
follicular development and growth in the 
caprine ovary. Both primary and secon-
dary interstitial gland cells were found to 
be strongly stained for the growth factor 
TGF-β, in accordance with the previous 
studies on adult rat ovary exhibiting in-
tense immunostaining for TGF-β (Teerds 
& Dorrington, 1995). In their study on 
quail ovary Van Nassauw et al. (1996) put 
forward that TGFβ2 is the predominant 
isoform in interstitial cells. TGFβ1 is 
found in pre-pubertal as well as in adult 
ovarian interstitium in the hamster (Roy & 

Huges, 1994). Human ovaries have also 
been reported to express TGFβRII in the 
interstitial compartment (Roy & Kole, 
1998). Taken together, these data indicate 
that TGF-β may play a positive role in 
regulating some functions of interstitial 
gland cells too. Foghi et al. (1997) sho-
wed increased apoptosis of thecal and in-
terstitial cells in response to TGFβ treat-
ment. 

The stromal cells lying outside the dif-
ferent follicles showed a strong staining 
pattern for PDGF which was uniform 
throughout the cytoplasm. Previously it 
has been demonstrated that platelet-
derived growth factor (PDGF) stimulated 
in vitro proliferation of theca cells of an-
tral follicles in both rat (Duleba et al., 
1999) and pig (May et al., 1992; Taylor, 
2000; Shores & Hunter, 2000) while inhi-
biting thecal LH-induced steroid hormone 
synthesis. In human ovaries, four PDGF 
isoforms (PDGFa, PDGFb, PDGFc, and 
PDGFd) transcripts have been identified 
(Fredriksson, 2004), but similar informa-
tion in caprine ovary is not available. The 
theca cell layer of adult porcine ovaries 
has been shown immunopositive for 
PDGFRB (Taylor, 2000) and porcine an-
tral follicles PDGFRA has been localised 
in theca cells and weakly to basal granu-
losa cells (Chegini & Williams, 1992). 
Expression of the PDGFRB protein was 
localised to stromal cells surrounding 
clusters of oocytes in the newborn rat 
ovary. Likewise, the present study indi-
cates that the stromal cells were strongly 
reactive to the protein PDGF. Similarly, 
stromal cells in the human foetal ovary 
also expressed PDGF (Pinkas et al., 
2008). These actions of PDGF may pro-
vide mechanisms for selective develop-
ment of ovarian stroma which contributes 
to ovarian structural integrity and possess 
steroidogenic activity. Herrera et al. 
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(2005) have reported that PDGFR-b in 
ovarian stromal cells of newborn mice, 
around newly formed primary follicles, 
and in a few cells that intercalate oocyte 
clusters, thus concluding that PDGFRb 
plays a direct role in the differentiation of 
ovarian stroma. Similarly, from the results 
obtained in the current study showing 
strong staining pattern by stromal cells 
surrounding the follicles with PDGF it can 
be suggested that the growth factor PDGF 
has a role in differentiation and the growth 
of ovarian stroma.   

Immunohistochemical localisation of 
the protein TGF-α showed mild staining 
in stromal cells. The major role of TGF-α 
is its influence on steroidogenesis. In hu-
man ovaries, Chegini & Williams (1992) 
established the immunohistochemical lo-
calisation of TGF-α in stromal cells with 
moderate staining supporting the present 
study on stromal cells for the same pro-
tein. However, contrary to the present 
work, Jianping (2000), observed weak 
staining intensity in stromal cells of hu-
man ovarian tissue. The previous studies 
revealed that during early stages of matu-
ration TGF-α was detectable in the oocyte 
of human ovaries, when granulosa and 
theca cells showed no growth factor ex-
pression, whereas with further follicular 
development, staining of the oocyte dis-
appeared, and the granulosa and theca 
cells began to show TGF-α staining. Only 
theca interna cells showed strong immu-
nostaining for TGF-α during late follicular 
development. Also, during the course of 
follicular regression, theca cells remained 
strongly positive for TGF-α (Reeka et al., 
1998). As theca cells are only associated 
with growing follicles, it is assumed that 
signals to the stroma for the recruitment of 
cells that form the theca are produced by 
follicle itself. Also, the interstitial gland 
cells of the mammalian ovary are thought 

to originate from the theca interna and 
surrounding stromal elements of degene-
rating follicles and are simultaneously 
vascularised and hypertrophied (Guraya, 
1991).  Immunostaining observed during 
the present study for TGFα in both pri-
mary and secondary interstitial cells was 
mild and weak respectively which is fur-
ther validated by the previous studies es-
tablishing the localisation of TGFα in the 
theca interstitial cells of the rat ovary 
(Kudlow et al., 1987). These findings sup-
port the role of both stroma and intersti-
tium in follicular development and growth 
in the caprine ovary. The present findings 
confirm the presence of the protein TGFα 
in stromal cells and interstitium of goat 
ovary providing an evidence suggesting 
that an activated follicle produces factors 
that induce thecal cell differentiation from 
stroma, although the exact identity and 
combination of the proteins is still to be 
known.  

In this study, reactivity was mild for 
stromal cells during the localisation of 
TGF-β in goat ovary. TGF-β are polypep-
tide growth factors that affect the meta-
bolic activity of each cell types in the 
ovary i.e. thecal/interstitial cells, granu-
losa cells and oocytes (Feng et al., 1986; 
Kim & Schomberg, 1989). Observations 
made during the current study revealed 
mild staining for the TGF-β in stromal 
cells, which are similar to the previous 
reports by Nilsson et al. (2003) in bovine 
ovary, indicating potential role of TGF-β 
in regulating certain functions in ovarian 
stroma. In one of the studies Chegini & 
Flanders (1992) put forward that TGFβ1 
is expressed in the stroma. The observa-
tions that TGFβ is immunohistochemi-
cally localised in stromal cells as well as 
in different ovarian tissues (Dodson & 
Schomberg, 1987; Dorrington et al., 
1988; Kim & Schomberg, 1989; Hernan-
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dez et al., 1990) suggests that specific 
TGFβ signalling events are important for 
the regulation of these tissues. Immu-
nostaining for TGF-β was noted strong in 
interstitium of goat ovary during the pre-
sent study, which is in accordance with 
the previous studies on adult rat ovary 
exhibiting intense immunoreactivity for 
TGF-β (Teerds & Dorrington, 1995). Ha-
ving studied quail ovary, Van Nassauw et 
al. (1996) put forward that TGFβ2 was 
the predominant isoform in stromal and 
interstitial cells. TGFβ1 was found in pre-
pubertal as well as in adult ovarian inter-
stitium in the hamster (Roy & Hughes, 
1994). Human ovaries have also been 
reported to express TGFβRII in the stro-
mal/interstitial compartment (Roy & Kole, 
1998). Taken together, these data indicate 
that TGFβ, may play a positive role in 
regulating some functions of interstitial 
gland cells too. Foghi et al. (1997) sho-
wed increased apoptosis of thecal and 
interstitial cells in response to TGFβ 
treatment. The expression of TGFβ recep-
tors was observed in ovarian stroma (Roy 
& Kole, 1995; Nilsson et al., 2003).  

CONCLUSIONS 

In conclusion, all these data on the local-
isation of different growth factors viz. 
PDGF, TGFα, TGFβ suggest the existence 
of their multiple autocrine or paracrine 
actions on the stromal and interstitial 
cells. A better understanding of the regu-
lation of these growth factor’s production 
and secretion in stroma and interstitium 
cells will help to determine the events that 
lead to normal controlled proliferation of 
these cells. 
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