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Abstract–––Distribution and relative frequencies of interleukin-2 in normal cycling goat ovaries were 

studied to explain local immunological defense mechanisms. IL-2 was observed in primordial, primary, 

secondary and antral follicles. Interleukins are known best for their involvement in the immune system and 

their role during inflammation. In the ovary, ovarian follicle is a site of inflammatory reaction. Thus ovarian 

cells could represent sources and targets of interleukins. Objective: To explore this, we have examined the 

localisation of interleukin-2 in goat ovarian follicles. Study design: Mature goat ovaries were collected 

from slaughter houses and brought to laboratory at 4
o
C in normal saline. Mouse monoclonal 

antibody (mAb) was used at a 1:1000 dilution, Biotinylated goat anti polyvalent IgG was used as 

secondary antibody (TP-015-BN). A streptavidin alkaline phosphatase (lab vision, corporation, TP -

015-AP) method was applied to detect IL-2+ cells. The specific color reaction was developed with 

napthol phosphate (fast red tablets). Results: IL-2
+
 cells were found in small numbers in developing 

follicles and newly formed corpora lutea, while atretic  follicles and regressing corpora lutea 

contained these cells in abundance. Conclusion: The frequency of IL-2+ cells was higher in the atretic 

follicles of all stages. This suggests that interleukin 2 play an important role in follicular atresia rather than 

follicular growth in normal cycling ovaries. 
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I. INTRODUCTION 
Cytokines are small proteins (15 ± 60KDa) that act locally through specific cell surface 

receptors to coordinate interactions of the immune system and surrounding tissues. Macrophages 

secretes a diverse repertoire of cytokines including IL-1, IL-2, IL-6, IL-10, IL-12, interferon-α, tumor 

necrosis factor-α and granulocyte macrophage-colony stimulating factors. These cytokines have been 

identified in the ovaries of many species and are known to impact many aspects of ovarian function 

[1,2,3] including follicle growth and differentiation, cell apoptosis, ovulation, and corpus l uteum 

formation and regression [4,5,6,7]. Therefore, it can be postulated that interaction between the 

endocrine and cytokine system play an important role in the regulation of foll icular development and 

atresia [8,9]. Interleukins are known best for their involvement in the immune system and their role 

during inflammation. Among all of the interleukins, interleukin-2 which is also known as T-cell 

growth factor was first described as a lymphokine capable of promoting the long term in vitro 

proliferation of activated T cell [10]. It has also been shown to modulate many other immunologic 

effects on cell including cytotoxic T-cells [11,12], natural killer cells [13, 14], activated B-cells [15] 

and lymphokine activated killer cells [16, 17]. Although IL-2 has been recognized as a well known 

cytokine but very little is known about its physiological significance in the ovary. As a cytokine, it 

has the ability to communicate with the neighbouring cells, but no information is available on its 

localization in the ovary. 

 

II. MATERIALS AND METHODS 
3.1 Immunohistochemistry 

Chemicals and reagents: Mature goat ovaries were collected from slaughter houses of 

Chandigarh and brought to laboratory at 4
o
C in normal saline. Mouse monoclonal antibody (mAb) to 

T-cells subset helper/induced cell IL-2 was used at a 1:1000 dilution, Biotinylated goat anti 

polyvalent IgG was used as secondary antibody (TP-015-BN). A streptavidin alkaline phosphatase 

(lab vision, corporation, TP-015-AP) method was applied to detect T lymphocytes. The specific color 

reaction was developed with napthol phosphate (fast red tablets).  

Goat ovaries were brought to lab at 4
o
C in normal saline and fixed in 4% formalin for 24 hrs. 

After dehydration tissue was embedded in paraffin wax. Sec tion was cut at 5 µm thick. After 

deparafinisation, sections were dehydrated in graded ethanol series. Then it was rinsed 4 times in PBS 
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for 10 minutes. There after the sections were incubated with ultra V block for 5 minutes to block non 

specific background staining. Then sections were incubated in primary antibody for overnight and one 

slide was kept for positive control to examine the difference.  Then sections were washed 4 times in 

PBS for 10 minutes and incubated for 45 minutes with secondary antibody.  Sections were rinsed four 

times in buffer. Then sections were incubated with streptavidin alkaline phosphatase for 10 minutes at 

room temperature. Then sections were washed 4 times in buffer. Then sections were stained with fast 

red tablets dissolved in naphthol phosphate substrate for 10-20 minutes. Then sections were counter 

stained with hematoxylene.  

Negative sign in table shows-not observed (-), weakly-1-20% of cells (+), mild-20-40% of 

cells (++), moderate-40-60% of cells (+++), strong-60-80% of cells (++++), intense-80-100% of cells 

(+++++) indicating the relative intensities of the signals average for the specimens during follicular 

development. 

 

III. RESULTS 
4.1 IL-2

+
 Cells 

Results of present study indicate that the goat ovary contains immunologically dynamic cells 

which vary in nature and concentration depending upon the type of ovarian structure and the stage of 

development or atresia. The transverse sections of goat ovary were examined to study ovarian follicles 

and corpora lutea through many stages of development and regression. IL -2
+
 cells were found in small 

numbers in developing follicles and newly formed corpora lutea, while atretic follicles and regressing 

corpora lutea contained these cells in abundance.  

The distribution of IL-2
+
 cells was observed in the goat ovarian components. IL-2 was studied 

in the oocyte of primordial follicle but granulosa cells remained unstained. In primary follicles, 

intensity of IL-2 in granulosa cells was weak to mild. IL-2 was localized in the oocyte and theca cells 

during secondary and dominant follicles their intensity was moderate in primordial and primary 

whereas strong to intense in dominant follicles. In the oocyte, cytoplasm and pla sma membrane 

stained strongly, along with the germinal vesicle of the oocyte. IL-2 was not detected in cumulus cells 

of healthy follicles. It was detected in both granulosa and theca layer of dominant follicles and the 

percentage of IL-2
+
 granulosa cells were slightly higher than that of IL-2

+
 thecal cells. 

Frequency of IL-2 was increased in atretic follicles both in granulosa cells and thecal cells in 

the dominant atretic follicles. In atretic follicles, number of IL -2
+
 cell type increased from primary to 

large sized follicles as compared to their counterpart normal developing follicles. The number of 

percentage in granulosa, theca, cumulus cells and oocyte were increased from 23.36, 41.84, 69.55 and 

15.25 to 72.08, 68.57, 97.07 and 47.23 respectively in normal large antral follicles and atretic antral 

follicles. The frequency of IL-2
+
 cells was higher in the atretic follicles at all stages.  

Strong reactivity for IL-2 was also observed in stroma but negative inside the blood  vessels. 

IL-2 cells were also observed from early to late stages of corpus luteum development and regression 

with different intensity of stain. The maximum reactivity was observed in atretic dominant follicles.  

The changes in the distribution of T-cells in the goat corpus luteum during corpus luteum 

regression were studied. Negligible reaction for T-cells was seen in the healthy corpus luteum, but 

abundant T-cells accumulated in the corpus luteum at the regression stage.  

Furthermore, we examined the changes in the localization of IL-2 in corpus luteum during 

corpus luteum regression. No observable difference in the localization of IL -2 was seen in any corpus 

luteum. Scattered moderate positive staining for IL-2 observed in all corpus luteum.  
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Fig. A. Microphotograph of ovarian tissue showing strong stain for IL-2
+
 in the oocyte of 

primordial follicle. B. Microphotograph of ovarian section showing strong stain of IL -2
+ 

cells in both 

granulosa and thecal cells of the follicle. C. Microphotograph of Immunohistochemical localization  

showing  very  weak  stain  for IL-2
+ 

cells in the blood capillary. D. Microphotograph of ovarian 

section showing weak stain in cumulus cells around the atretic oocyte.  

 

Table 1: Frequency distribution of IL-2
+
 cells in cellular components of normal and atretic follicles.  
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Key to observation: negative (-), weakly (+), mild (++), moderate (+++), strong (++++), intense 

(+++++) indicate the relative intensities of the signals average for the specimens during follicular 

development. 

 

VI. DISCUSSION 
Immunohistochemical localization has revealed that the number of IL-2

+
 cells was higher in 

the large-sized (≥ 8mm) atretic follicles as compared to the normal follicles of the same size.  The 

present observation strongly endorse that the goat ovary is the site of production of ILs and their 

receptors as has already been demonstrated in both granulosa and theca cells, whilst maximal 

production occurs in preovulatory follicle after gonadotropin action [18, 19] . The ILs has several sites 

of synthesis in the ovary. The role of ILs in local processes is still poorly known, although there is 

evidence for its ability to stimulate ovarian cell proliferation, suppress apoptosis, and therefore to 

promote ovarian follicular growth. Although during present study no significant change in IL-2 

reactivity was observed in corpora lutea of different  categories in goat. However in humans a 

significant number of T cells in the corpus luteum where activated T cells were detected by an anti -

IL-2 receptor antibody and these cells corresponded with T4 cells in that area. This indicated that 

there are functional T cells in the human corpus luteum with IL-2 receptors permitting the possible 

effect of IL-2 on cells of the corpus luteum. Small groups of T cells were frequently observed near the 

capillaries of the theca-luteal area, indicating that these cells may migrate from the blood vessels into 

the substance of the corpus luteum. One of the most important functions of the T4 cells is to help the 

B cell respond to protein antigen [20].  

In conclusion, it was observed that the number of IL-2
+
 cells increased in the atretic follicles, 

and they probably contribute to the tissue regression of follicles by stimulating macrophages and 

enhancing the death of follicular cells. The ovary is in a constant state of development, breakdown, 

and repair. These events take place simultaneously at sites of follicles and corpora lutea. Present data 

support the hypothesis that leukocyte populations are involved in these processes and provide an 

anatomical basis for immunoendocrine interactions within the normal goat ovary. The results of the 

present study indicate that various immune cells, particularly lymphocytes, differentially migrate into, 

and out of the goat corpus luteum. The temporal nature of this migration indicates involvement of 

certain populations of these cells in modulation of luteal activity. Further studies are required to 

identify specific products of these cells that are present throughout the life of the corpus luteum to 

clarify the role of immune cells within this tissue.  
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