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Abstract
Very small embryonic-like (VSELs) and ovarian (OSCs) stem cells are located in adult mammalian ovary surface epithelium 
(OSE). OSCs can expand long-term and differentiate into oocyte-like structures in vitro and have resulted in birth of fertile 
pups. Lineage tracing studies have provided evidence to suggest OSCs differentiation into oocytes in vivo. But how these 
stem cells function under normal physiological conditions has not yet been well worked out. Besides studying STRA-8 and 
SCP-3 expression in enzymatically isolated OSE cells smears, mice were injected BrdU to track mitosis, meiosis and follicle 
assembly. H&E stained OSE cells during late diestrus and proestrus showed VSELs undergoing asymmetrical cell divisions 
to give rise to slightly bigger OSCs which in turn underwent symmetrical cell divisions followed by clonal expansion (rapid 
expansion with incomplete cytokinesis) during early estrus to form germ cell nests (GCN). OCT-4, SSEA-1, MVH and DAZL 
positive cells in GCN expressed Erα, Erβ and FSHR, were interconnected by ring canals (TEX-14), showed mitochondrial 
aggregation (Cytochrome C) and Balbiani Body (TRAL). Apoptosis in ‘nurse’ cells was marked by PARP and putative 
oocytes were clearly visualized. BrdU was detected in cells undergoing mitosis/meiosis and also in an oocyte of secondary 
follicle. FACS sorted, green fluorescent protein (GFP) positive VSELs upon transplantation resulted in GFP positive GCN 
suggesting crucial role for VSELs in adult ovaries. Results suggest that various events described during oogenesis and follicle 
assembly in fetal ovaries are recapitulated on regular basis in adult ovary and result in the formation of follicles.
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Introduction

Functionally active ovarian stem cells (OSCs) were reported 
in adult mouse ovary surface epithelium (OSE) in 2004 
[1]. We have reported presence of two populations of stem 
cells in adult ovaries including very small embryonic-like 
stem cells (VSELs) and slightly bigger OSCs [2, 3]. VSELs 
are developmentally equivalent to primordial germ cells 
(PGCs) that survive in few numbers in multiple adult tis-
sues including ovary [3, 4]. Failure to detect stem cells by 
single-cell RNAseq in human ovaries by Wagner et al. [5] 
was possibly technical [6, 7]. Stem cells are of small size 

and can be collected by centrifugation at 1000 g for 15 min 
whereas Wagner’s group subjected cells centrifuged at 300 g 
for 7 min to scRNAseq. Thus, their inability to detect stem 
cells in human ovaries was because stem cells were never 
subjected to scRNAseq [6, 7]. Presence of LIN-CD45-
SCA-1 + VSELs was recently confirmed by other groups as 
well in adult mouse ovaries [8] and as small-sized stem cells 
in human ovaries [9, 10]. Several groups have reported func-
tional potential of ovarian stem cells which readily differ-
entiate into oocyte-like structures in vitro [11–14], undergo 
cortical reaction in presence of sperm [15] and have also 
resulted in birth of fertile mouse pups [16]. But whether 
similar events occur in vivo under physiological conditions 
has not yet been investigated extensively. Initial evidence 
was generated by lineage tracing studies tracking OCT-4 
positive cells that underwent persistent meiosis to form new 
primordial follicles (PF), [17] and pre-meiotic STRA-8 + ve 
germ cells which developed into mature oocytes that ferti-
lized to produce fertile offspring [16].
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We have earlier reported that, VSELs undergo asym-
metrical cell divisions (ACD) to self-renew and give rise to 
OSCs which divide by symmetrical cell divisions (SCD) and 
clonal expansion to form germ cell nests (GCN) when OSE 
cells isolated from adult sheep OSE were cultured in vitro 
in presence of FSH [2, 18], (Suppl Fig. 1). OCT-4, FSHR 
and PCNA expression has also been reported in germ cells, 
GCN and primordial follicles (PF) in sheep ovary cortical 
tissue sections [19]. But whether similar divisions and GCN 
formation occurs in vivo in adult mice ovaries under physi-
ological conditions is not yet reported. Present study was 
undertaken to delineate stem cell dynamics and GCN dif-
ferentiation in vivo under physiological conditions and pos-
sible regulation by circulatory hormones based on available 
knowledge how PF get assembled in fetal ovaries.

PGCs migrate into the gonadal ridge where they increase 
in number by accelerated mitotic divisions to form oogonial 
nests. Oogenesis in the fetal ovaries comprises a series of 
events including formation of GCN (cyst) by rapid prolifera-
tion and incomplete cytokinesis of the stem cells followed 
by meiosis, and GCN breakdown leading to PF assembly. 
Oogonial cells in fetal GCN are interconnected by ring 
canals [20], undergo meiosis and transition into oocytes. 
In the GCN, one germ cell matures into an oocyte whereas 
others act as ‘nurse cells’, transfer their contents includ-
ing cytoplasmic organelles like mitochondria into the pre-
destined oocyte through the ring canals and subsequently 
undergo apoptosis. Organelles transport from the nurse cells 
through the ring canals results in the formation of Balbiani 
body or mitochondrial cloud in the perinuclear cytoplasm 
of the developing oocyte [21] Eventually the nurse cells 
undergo apoptosis and the oocyte with the Balbiani body 
detaches from the GCN, gets surrounded by pre-granulosa 
cells resulting in the formation of a primordial follicle [22, 
23]. Based on this understanding in fetal ovaries, carefully 
selected panel of markers were used to study stem/progenitor 
cells isolated from the adult mice ovaries.

Study Design and Methods

Adult Swiss and GFP [FVB.Cg-Tg(GFPU) 5NAGY/J] mice, 
maintained in the Institute Experimental Animal Facility 
were used for the present study, after approval from Insti-
tute Animal Ethics Committee. The mice were housed under 
controlled temperature (23 ± 1 °C) and humidity (55 ± 5%), 
with 14 h light/10 h dark cycle and with free access to food 
and water. Ovaries from 8 to 10 weeks old mice were used 
for the study.

Study Design

Dynamics of Ovary Surface Epithelium (OSE) Across 
Estrus Cycle

Histological Changes in OSE and Ovarian Cortex Across 
Estrus Cycle

Adult mice ovaries were collected during different stages of 
estrus cycle, fixed in neutral buffer formalin (NBF), paraffin 
embedded and 5 µm thick sections were cut and stained with 
Hematoxylin and Eosin (H & E). The representative areas 
were viewed under brightfield microscope (90i Nikon) and 
representative images were recorded.

Changes in OSE Cell Smears Across Estrus Cycle

OSE cells lodged in the ovary surface, were isolated from the 
mice ovaries and used to prepare cell smears during different 
stages of estrus cycle. Changes in the H&E stained smears 
and SCP-3 (meiotic marker, Synaptonemal Complex Protein 
3) expression were studied across estrus cycle. Smears were 
also used for immuno-localization studies described ahead. 
Representative areas were photographed.

Enumeration of VSELs Across Estrus Cycle

VSELs were enumerated during different stages of estrus 
cycle by flow cytometry. Intact ovaries (from at least 3 mice 
per group) were collected during different stages of estrus 
cycle and subjected to flow cytometry to study and enumer-
ate live (7AAD negative), 2-6 µm VSELs with a surface 
phenotype of LIN-CD45-SCA-1 + after doublets exclusion 
using gating strategy as described earlier [25, 26].

Delineating Ovarian Stem Cells Proliferation 
and Differentiation Including Meiosis

This was achieved by using carefully selected set of mark-
ers for immuno-localization and RT-PCR studies. Various 
events reported extensively in the fetal ovaries were studied 
in the stem cells and GCN in OSE cell smears prepared from 
the adult ovaries. Stem (OCT-4, SSEA-1) and germ (MVH, 
DAZL) cell markers along with Erα, Erβ and FSHR expres-
sion was studied to understand that the stem cells respond to 
circulatory hormones. STRA-8 responsible for pre-meiotic 
replication of germ cells and SCP-3 suggestive of meiosis 
were studied. TEX14 expression was suggestive of intercon-
necting ring canals [20] and Cytochrome C (Cyto C) marked 
the mitochondria and its expression reflected clustering of 
mitochondria around the pre-destined oocyte in a GCN 
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[21]. Trailer Hitch (TRAL), a major component involved 
in transportation of RNA and organelles, is known to be 
associated with the Balbiani Body [21]. BrdU uptake in the 
OSE smears was studied and was suggestive of prolifera-
tion as well as meiosis. Co-expression of SCP-3 and BrdU 
provided strong evidence to support meiosis in the GCN. 
PARP enzyme expression was studied as it marks necrotic 
and apoptotic cells in the nest [23]. RNA extracted from the 
OSE cells was used to detect transcripts specific for pluripo-
tent stem cells (Oct-4A, Sox2, Nanog), primordial germ cells 
(Stella), germ cells (Oct-4, Mvh), oocyte (ZP3) and receptors 
for estradiol and FSH receptors(Erα, Erβ, Fshr1, Fshr3) in 
addition to 18 s. Transcripts specific for pre-meiotic germ 
cells (Stra8), meiotic markers (Scp1, Dmc1, Spo11) and ring 
canals (Tex14) were studied in RNA extracted from intact 
ovary with adult testes RNA as a positive control.

To Examine the Fate of Transplanted VSELs In Vivo

The aim of this experiment was to delineate the role of 
VSELs in adult ovary. For this, FACS sorted 2–6  µm, 
SSEA-1 positive VSELs from GFP mice were transplanted 
in the ovaries of two Swiss mice. The mice were later sacri-
ficed after two weeks, during early estrus and diestrus. The 
OSE cells were isolated from recipient mice, smears were 
prepared and studied for the expression of GFP and SSEA-1. 
SSEA-1 sorted VSELs from the mouse bone marrow were 
separately used to study MVH expression.

OSE Cells Culture and Live Cell Imaging

OSE cells were cultured to track various events during 
oogenesis by live cell imaging.

Methods

Dynamics of Ovary Surface Epithelium (OSE) Across 
Estrus Cycle

OSE Cells Smears Preparation

OSE cells were isolated using a method published by Gam-
well et al. [24] with slight modifications by partial enzymatic 
digestion of intact ovaries during different stages of estrus 
cycle. The ovaries were placed singly in 500 µl of 0.25% of 
trypsin-EDTA at 37 °C for 30 min. The reaction was stopped 
by equal volume of DMEM-F12 media containing 20% fetal 
bovine serum (FBS). The tube was agitated gently back and 
forth ten times to release OSE cells. The cells were vortexed 
for one second to dislodge OSE cells. Denuded ovaries were 
removed and cells suspension was filtered through 40 μm 
nylon cell strainer (BD Falcon) and first spun at 250 g to 

collect bigger epithelial cells followed by 1000 g to collect 
stem cells, each time for 15 min. Later both the cell pellets 
were mixed and used to make cell smears, for RNA extrac-
tion and for immuno-localization studies. Use of two differ-
ent speeds to collect cells for various experiments ensured 
collecting intact bigger somatic cells at 250 g and stem cells 
at 1000 g which otherwise inadvertently get discarded as dis-
cussed earlier [3, 6]. Cells smears were prepared by gently 
placing the cells in a small area pre-marked by a diamond 
pencil on poly-L-lysine (Sigma) coated slides, air dried, 
fixed with 4% paraformaldehyde (Sigma) for 15 min, washed 
three times with PBS (5 min per wash), air-dried and stored 
at 4 °C for future use. These smears were stained with H&E, 
viewed under microscope and representative images were 
taken under brightfield microscope (90i, Nikon).

Flow Cytometry Studies

Enumerating VSELs Across Estrus Cycle  Whole ovaries 
in different stages of estrus cycle were used to enumerate 
VSELs by flow cytometry using gating strategy described 
earlier [25, 26]. In brief, the ovaries were cleared of sur-
rounding fat and collected in sterile Dulbecco phosphate 
buffer saline (DPBS), washed three times to remove blood 
cells, and then chopped and subjected to enzymatic diges-
tion with collagenase type IV (Gibco, 1 mg/mL) dissolved 
in Dulbecco modified Eagle medium (DMEM/F12, Gibco) 
at 370C for 20 min. Intermittent gentle pipetting was done 
to break the cell clumps. Then DMEM medium containing 
20% fetal bovine serum (FBS, Gibco) was added and the cell 
suspension was filtered through 40 µm cell strainer (Corn-
ing). Single cells suspension was spun at 250 g for 10 min 
to collect Pellet A and then the supernatant was further spun 
at 1000 g for 10 min to collect Pellet B. Both the pellets A 
and B were washed with 1X PBS and mixed before further 
processing for reasons described above. Approximately one 
million cells from total cells were subjected to flow cytom-
etry studies to detect VSELs. VSELs were studied as viable 
(7AAD negative) cells, after doublets exclusion, in the size 
range of 2–6 µm with a surface phenotype of LIN-/CD45-/
SCA-1 + . A total of one lakh events were counted per sam-
ple. Calibration size beads were used to gate 2–6 µm events. 
Antibodies used included FITC-conjugated rat anti mouse 
SCA-1 (#553335, BD Biosciences), PE rat anti mouse 
CD45 (#553081, BD Biosciences), APC Mouse Lineage 
antibody cocktail (#558074, BD Pharmingen). FMO con-
trols were run to see true negative boundary for FITC. The 
samples were run on FACS Aria (BD Biosciences, San Jose, 
CA, USA). Results were analyzed by using BD FACS Diva 
software (BD Biosciences).

FACS Sorting of VSELs from Ovaries of FvB GFP MICE  Whole 
ovaries from 10 FvB GFP animals were chopped and 
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processed as described above to obtain a single cells 
suspension. Cells were stained with PE tagged SSEA-1 
antibody (BD Pharmingen, 560886, 5  µl/million cells). 
After 30  min, the cells were washed twice with DPBS 
containing 2% FBS. Antibody was omitted from unstained 
control tube. Unstained control tube was prepared from 
cells obtained from  non-GFP mice. The tubes were run 
on FACS Aria and cells were collected in FBS coated 
tubes. Similarly, SSEA-1 positive cells were isolated from 
mouse bone marrow (refer to Supplementary section for 
further details).

Immuno‑Localization Studies  For immuno-fluorescence 
studies, smears were first washed thrice with TRIS buff-
ered saline (TBS) and then blocked for 1 h at room tem-
perature with 3% BSA in a humidified chamber and incu-
bated with primary antibody diluted in Antibody Signal 
Enhancer Solution consisting of 10  mM Glycine, 0.1% 
Tween20, 0.1% H2O2 (3% stock solution) at 4  °C in a 
moist chamber for 12–16 h as described earlier [28]. The 
primary antibody was omitted for the negative controls. 
Various primary antibodies used in the study are provided 
in Suppl Table  1. For co-expression studies, cells were 
incubated with both antibodies at 4 °C. Next day, the cell 
smears were brought to room temperature, washed with 
wash buffer [0.1% tween-20 in TRIS buffer saline (TBS)] 
three times followed by incubation with secondary anti-
body (Alexafluor-488/568/633; 1:500, diluted in 0.1% of 
Tween −20) for 2 h at room temp in dark. The cells were 
washed thrice with TBS-Tween 20 and counterstained 
with DAPI (Thermo Fisher) for 30 min. For co-expression 
of OCT-4 with ERα and ERβ, the cells were treated with 
0.2% Triton-X 100 for 10 min followed by blocking and 
antibody incubation. Negative controls were run with all 
experiments with omission of primary antibody (Suppl 
Fig. 2). All images were captured by laser scanning con-
focal microscope (Fluoview 3000, Olympus).

BrdU Incorporation Studies  Mice in late diestrus were 
injected with 200 mg/Kg of BrdU (Sigma) intra-peritone-
ally on daily basis and later sacrificed during estrus/ late 
metestrus to study proliferating and meiotic nests and after 
11 days to detect BrdU in growing follicles. BrdU uptake 
was studied in both OSE cells smears and ovarian sections. 
For studying expression of BrdU, cells were permeabilized 
with 0.2% triton X-100 for 30 min, washed thrice with PBS. 
Cells were treated with pre-warmed 1.5 N HCL at 37 °C for 
20 min to denature DNA followed by two washes of PBS 
(15 min each). The cells smears were then treated with 3% 
BSA for 1  h at room temperature to block non-specific 
staining followed by overnight incubation with anti-BrdU 

antibody. Second day procedure was similar as described 
above. BrdU expression on paraffin sections is described in 
the Suppl section (Pg 3).

RT‑PCR Studies  For RNA extraction, OSE cells were col-
lected as described above using trypsin containing 0.12% 
of 4% sodium hypochlorite to avoid RNA degradation [27] 
at 37  °C for 30  min. Trypsin was pre-treated with sodium 
hypochlorite for half an hour before placing the ovaries. The 
tube was shaken gently back and forth 10 times or pipetted 
up and down 5 times very gently. Cell suspension obtained 
after digestion was spun at 1000 g for 15 min, washed with 
ice-cold PBS and placed in Trizol (Invitrogen, Carlsbad, CA, 
USA) at −80 °C. Intact ovaries were directly placed in Trizol 
to extract RNA. RNA was extracted using standard protocol 
and treated with DNase I (Fermentas) to remove any genomic 
DNA present. First-strand cDNA was synthesized using the 
iScript cDNA synthesis Kit (Bio-Rad, USA, Hercules, CA, 
USA) according to the manufacturer’ instructions. Briefly, 
500 ng of total RNA was incubated with 5 × iScript reaction 
mix and reverse transcriptase. The reaction was carried out 
in G-STORM Thermocycler (Gene Technologies, UK) as per 
manufacturer’s instructions. 18S was used as housekeeping 
gene. PCR conditions were 1 cycle at 94 °C for 3 min fol-
lowed by 35 cycles, with each cycle consisting of denaturation 
at 94 °C for 30 s, annealing at the specified temperature for 
40 s, and extension at 72 °C for 40 s and a final extension cycle 
at 72 °C for 10 min. The PCR products were later examined on 
a 2% agarose gel. Primer details and annealing temperatures 
for various transcripts are provided in Suppl Table 2.

Transplantation of VSELs in Ovaries  Approximately 1.5 × 105 
FACS sorted SSEA-1 and GFP positive VSELs were trans-
planted into the ovaries of normal mice. Recipient mice were 
anaesthetized with intraperitoneal injection of 1% sodium 
pentobarbitone. 10 μl of cells suspension, containing approxi-
mately 5 × 104 cells, was injected into ovaries using a 10 μl 
NanoFil syringe with a 33-gauge beveled needle. The animals 
were sacrificed two weeks later during estrus and diestrus.

OSE Cells Culture and Live Cell Imaging

OSE cells were isolated and cultured for 24–48 h. Images 
were captured using an inverted microscope (Eclipse TE2000-
S; Nikon, Japan) with Hoffman optics. Live cell imaging 
was done for 24 h using inverted microscope with live cell 
imaging attachment (Fluoview 3000, Olympus). Cells were 
also labelled with 150 nM of Mitotracker Red FM (M22425, 
Invitrogen) and Hoechst 33342 (Thermo Scientific) for 30 min 
followed by one PBS wash  and imaged under Olympus 
microscope.

1698 Stem Cell Reviews and Reports (2021) 17:1695–1711



1 3

Results

Dynamics of Ovary Surface Epithelium (OSE) Across 
Estrus Cycle

Histological Changes in Ovarian Cortex Across Estrus Cycle

Histological changes in OSE and the underlying ovarian 
cortex were studied across estrus cycle in Hematoxylin 
and Eosin (H&E) stained ovarian sections (Suppl Fig. 3). 
Number of PF just beneath the OSE appeared to be more 
during diestrus stage of estrus cycle in agreement with ear-
lier reports [20]. GCN with cytoplasmic connectivity were 
observed in the cortex (Suppl Fig. 4, 5, Fig. 3b). Adjacent 
to the GCN, newly formed oocytes (green arrows) in the 

process of getting assembled as PF were clearly visualized 
(Suppl Figs. 3, 5, Fig. 3b).

Stem Cells in OSE Cell Smears

Mice ovaries were subjected to partial enzymatic diges-
tion to collect OSE cells and prepare smears. H&E-
stained smears showed distinctly spherical stem cells 
with dark stained nuclei and high nucleo-cytoplasmic 
ratio including the smaller VSELs and slightly bigger 
OSCs (Fig. 1A, Suppl Figs. 6–10) present singly or in 
doublets suggestive of ACD and SCD and also at places 
they existed in clusters with cytoplasmic continuity and 
were the GCN that represent clonal expansion of stem 
cells with incomplete cytoplasmic divisions (Fig. 1B-E). 
Pale blue, bigger cells were the epithelial cells and their 

Fig. 1   Stem cells heterogeneity and dynamics in OSE. A Two dis-
tinct populations of stem cells were clearly evident in the H&E-
stained cells smear including smaller sized VSELs (red broken cir-
cle), slightly bigger OSCs (blue broken circle) present singly or as 
doublets. The cells in the doublets were of unequal size (green bro-
ken circle, suggestive of asymmetric cell division) or of similar size 
(orange broken circle suggestive of symmetrical cell divisions). Pale 
blue nuclei represent epithelial cells whose cytoplasm was probably 
damaged by centrifuging at 3000  rpm. B-D  At places, cell clusters 
with cytoplasmic connectivity were observed and were suggestive of 
clonal expansion due to rapid proliferation and incomplete cytokine-

sis. These clonally expanding stem cell clusters are termed as puta-
tive germ cell nest (GCN) and are reported to exist only in fetal 
mammalian ovaries. Here we show putative GCN/ germline cyst in 
adult ovary smears as well. E This smear was prepared by mixing 
cells collected by centrifuging at 1000 rpm and 1000 g. This allowed 
visualization of intact epithelial cells with abundant pink cytoplasm 
along with the stem cells. Epithelial cells had pale stained nucleus 
and abundant cytoplasm. Germ cells with dark stained nuclei showed 
variable amount of pink cytoplasm suggesting different stages of dif-
ferentiation and development. Scale: 20 µm
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pink cytoplasm was possibly lost while centrifuging the 
cells at 1000 g to pellet down the stem cells (Fig. 1A, D). 
Modified protocol where epithelial cells were collected 
by centrifuging at 1000 rpm (250 g) and then stem cells 
at 1000 g and preparing the smears by mixing both the 
pellets resulted in clear visualization of intact epithelial 
cells (Fig. 1E). Suppl Fig. 11 shows differential expres-
sion of various markers (NUMB, OCT-4, MVH) in stem 
cells undergoing ACD, SCD and clonal expansion.

Cyclic Changes in OSE Cell Smears Across Estrus Cycle

Cyclic changes in smears across estrus cycle are shown in 
Fig. 2. Stem cells were present singly during early proes-
trus and undergo ACD and SCD. GCN are formed during 
late proestrus and estrus stage when circulatory levels of 

FSH and estradiol are high and their breakdown occurs dur-
ing late metestrus. Maximal numbers of GCN were visual-
ized during estrus and metestrus. These results are based 
on observing smears from 4 mice per stage of the estrus 
cycle. The epithelial cells varied in size and shape in differ-
ent stages of estrus cycle and red blood cells were noticed 
in the smears around the time of ovulation (Suppl Fig. 7). 
The relatively neglected and poorly studied OSE harbors 
stem cells which undergo characteristic ACD and SCD and 
GCN formation regularly during estrus cycle. Extreme right 
panel of immunofluorescence images shows SCP-3 (meiotic 
marker) expression in the GCN. SCP3 expression remained 
cytoplasmic in DE and PE stage. Meiosis occurred during E 
and ME when SCP3 showed nuclear expression associated 
with distinct chromatin changes. SCP-3 is reported in the 
cytoplasm prior to meiosis and translocates to the nuclei 

Fig. 2   Distinct changes on OSE cell smears during different stages of 
estrus cycle. Epithelial cells remain pale stained and with abundant 
cytoplasm (K). Stem cells are darkly stained and spherical in shape, 
presence interspersed amongst the epithelial cells. Note presence of 
single and dividing doublets during proestrus. GCN were observed 
maximally during estrus and metestrus stage. Stem cell activity was 
minimal during diestrus. Scale: 20 µm A-D 10X, E–H 20X, I-L 40X. 

Figs M-P show SCP-3 expression in cells collected during different 
stages of estrus cycle. SCP-3 was cytoplasmic during diestrus and 
proestrus stages of estrus cycle and became nuclear (suggestive of 
meiosis) during estrus and metestrus stage. Note the changing chro-
matin pattern during different stages of estrus cycle showing progres-
sion of cells through prophase of meiosis 1. Scale bar is 5 µm
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during meiosis (Li et al. 2016). Single channel images for 
SCP-3 expression are provided as Suppl Fig. 12.

Enumeration of VSELs Across Estrus Cycle by Flow 
Cytometry

VSELs were enumerated during different stages of estrus 
cycle by flow cytometry (Fig. 3A, B) as viable (7AAD nega-
tive) cells after doublets exclusion in size range of 2–6 µm 
for surface phenotype of LIN-CD45-SCA-1 + . VSELs enu-
merated during different stages (Fig. 3B) as % total events 
studied were 0.16 ± 0.03% in proestrus, 0.41 ± 0.05% in 
estrus, 0.96 ± 0.03% in metestrus and 0.36 ± 0.06% in 
diestrus.

Detection of Stem Cell Specific Transcripts in OSE

RNA extracted from OSE cells upon RT-PCR showed tran-
scripts specific for PGCs, VSELs, and OSCs/germ cells 
(Fig. 3C). Expression of Stella is suggestive of VSELs being 
developmentally linked to PGCs [4]. Besides Erα and ERβ, 
Fshr3 was detected but canonical Fshr1 was not amplified 
(Fig. 3C).

Immuno‑Expression of Stem and Germ Cell Specific Markers

The stem/progenitor cells lodged in OSE express pluri-
potent as well as germ cell markers and have been well 
characterized by several groups [13, 19, 29, 30]. Expres-
sion of pluripotent (OCT-4, SSEA-1) and germ cells 
(DAZL, MVH) specific markers (Fig. 4) was studied in 
adult mice OSE cells smears. Cells existed singly or in 
small clusters and expressed nuclear or cytoplasmic OCT4 
(A). The cells also expressed cell surface SSEA-1 (B). 
ACD was observed wherein two stem cells of different 
sizes and expressing SSEA-1 were observed as a doublet 
(C). As these stem cells initiate differentiation, they start 
expressing MVH and DAZL resembling more differen-
tiated germ cells. MVH expressing cells were studied 
by evaluating SSEA-1 sorted cells in mouse bone mar-
row (Suppl Fig. 13). VSELs were observed with nuclear 
and cell surface MVH (arrow) along with slightly big-
ger cells with cell surface to cytoplasmic MVH expres-
sion (D). Nuclear (E) and cytoplasmic (F) expression of 
MVH was also observed in germ cells/GCN (Fig. 4). Pre-
meiotic germ cell marker DAZL was visualized in single 
cells (G, H) and also in the GCN (I, J). Cells expressed 
nuclear (arrow) and cytoplasmic DAZL and only a few 

Fig. 3   Characterization of stem cells enriched from adult mouse 
ovary surface epithelium. A Enumeration of VSELs by flow cytome-
try. B Bar graph showing percent total VSELs during different stages 
of estrus cycle. Results are an average of 3 independent experiments 
and depicted as mean ± SE. **P ˂ 0.01, ***P ˂ 0.001. Maximal num-
bers of VSELs were observed by flow cytometry during ME. Results 
are an average of 3 independent experiments. C RT-PCR analysis 

of OSE cells for transcripts specific for pluripotency (Oct4A, Sox2, 
Nanog), primordial germ cells (Stella), germ cells (Oct-4, Mvh, 
Dazl), gonadotropin and steroid receptors (FSHR1, FSHR3, ERα, 
ERβ). D Detection of meiotic markers Stra8, Scp1, Dmc1, Spo11 and 
Tex14 in RNA extracted from intact ovary and testes (used as positive 
control). Absence of a band for ZP3 suggested no oocyte contamina-
tion and 18S was used as housekeeping gene
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co-expressed cytoplasmic OCT-4. Some GCN expressed 
nuclear DAZL and these may be putative immature oogo-
nial nests (I) whereas few expressed cytoplasmic DAZL 
and were relatively mature GCN supposedly undergoing 
meiosis (J). Similar gradual increase in size and cyto-
plasm of cells was observed when human ovarian stem 
cells enriched from the OSE were cultured in vitro [30].

Figure 5 shows GCN in ovarian sections with MVH 
expression. Similar clusters were also found to express 
SSEA-1 (Suppl Figs. 14–16). Z-stacks of MVH positive 
clusters are also included (Suppl Figs. 17, 18). These clus-
ters are not surrounded by granulosa cells and thus are pre-
meiotic germ cells rather than PF.

Stem Cells Express FSHR, Erα and Erβ

Earlier immuno-localization and in situ hybridization studies 
showed FSHR expression on ovarian stem cells whereas the 
epithelial cells remained distinctly negative [18]. Expression 
of receptors for gonadotropin (FSHR) and steroid hormones 
(ERα, Erβ) hormones were documented on the ovarian 
stem cells (Fig. 6) in agreement with the RT-PCR results 
(Fig. 3c).

Tracking Oogenesis in Germ Cell Nests (GCN) 
in Adult Mouse Ovary

Oogenesis occurs in fetal ovaries and has been well docu-
mented in published literature (discussed above in Introduc-
tion). Similar events were studied in adult ovary. Transcripts 
specific for pre-meiotic germ cells (Stra-8), early meiosis 
(Spo11, Dmc1, Scp1) and ring canals (Tex14) were studied 
by RT-PCR. The transcripts were found at relatively lower 
abundance in RNA extracted from the intact ovaries com-
pared to adult testes where these were readily detectable 
(Fig. 3D).

OCT-4, SSEA-1, MVH and DAZL positive GCN 
were observed in adult ovary (Fig. 7). Figure 7 and Suppl 
Figs.  19–20 are a compilation of immuno-localization 
results to support various events involved in the differen-
tiation of pre-meiotic germ cells in GCN into oocytes with 
a Balbiani Body. Pre-meiotic germ cells marker (nuclear 
STRA-8) was observed in dividing germ cells (A) and 
shifted to the cytoplasm in the GCN (C). Synaptonemal com-
plex protein SCP-3 is required for synapsis of homologous 
chromosomes during early meiosis. SCP-3 was expressed 
in nuclei counterstained with DAPI in the germ cells  

Fig. 4   Germ stem cells and putative nests in OSE cells smears col-
lected from adult mouse ovary. A Note nuclear and cytoplasmic 
OCT-4 expression in the small VSEL and slightly bigger OSC respec-
tively. B-C SSEA-1 expression on stem cells and a dividing doublet. 
Differentiation of stem cells was associated with gradual loss of sur-
face SSEA1 and it shifted to the cytoplasm in the bigger cell. D MVH 
expression was studied in 2-6 μm, SSEA-1 FACS sorted cells from 
mouse bone marrow. Note both nuclear and cell surface expression 
of MVH is detected E-F Co-expression of MVH and OCT-4 show-
ing gradual loss of OCT-4 in MVH positive doublet and in a putative 

germ cell nest. G-H Co-expression of DAZL and OCT-4 revealing its 
distinct subcellular localization. DAZL was exclusively localized in 
nuclei of pre-meiotic germ cells (arrowheads) whereas it was cyto-
plasmic in differentiated cells. Note a single OCT-4 + DAZL- cell 
(broken circle) in a DAZL + GCN suggestive of clonal expansion to 
form the GCN. I Germ cell nest with nuclear DAZL represents an 
oogonial nest. J GCN with cytoplasmic DAZL represents a relatively 
differentiated nest. Cells smears were prepared by isolating OSE 
cells from estrus and metestrus stage adult murine ovaries separately. 
Scale: A 5 µm, B-C 4 µm, D 10 µm, E–F 3 µm, G-J: 10 µm
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indicating early stages of meiosis (B, D). Presence of ring 
canals was confirmed by studying expression of TEX14 
(Testis Expressed 14) which is an intercellular bridge 

forming factor. SSEA-1 positive cells in GCN remained 
interconnected through TEX14 positive ring canals (E, E’). 
Mitochondrial transport and perinuclear mitochondrial  

Fig. 5   Putative germ cell nests in ovarian sections in estrus stage A-B 
H&E-stained sections showing small clusters of cells with distinct 
cytoplasmic connectivity. GCN in A is further magnified and shown 
in B. C-F Cluster of cells resembling GCN were observed subjacent 
to the OSE and expressed MVH. Cell clusters show a common ring 

of MVH surrounding them. These are not single cells and this was 
further confirmed by Z-stack imaging (Suppl Fig.  14). Note these 
clusters are not surrounded by granulosa-like cells and thus could not 
be primordial follicles. Scale: A-B 20 µm, IF 3 µm

Fig. 6   A Ovarian stem cells express gonadotropin and estrogen 
receptors. Small cell clusters expressed ERβ, FSHR expression was 
observed in small, supposedly immature oogonial GCN whereas ERα 
was expressed in bigger and mature GCN, where the germ cells were 

of bigger size and possibly undergoing meiosis as evident from DAPI 
stained distinct nuclear chromatin pattern. Scale bar A: 5 µm, B: 4 µm 
& C: 3 µm
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aggregation were studied by the expression of Cytochrome 
C (CYTO C), a peripheral protein of the mitochondrial inner 
membrane. Aggregation of CYTO C was observed in the peri-
nuclear region suggestive of Balbiani Body formation (F, G, 
F’). In one of the DAZL expressing cells in the GCN, all the 
mitochondria were present in the perinuclear region of a single 
cell (G). The GCN were apparently in different stages of devel-
opment. Balbiani Body was further studied by the expression 
of TRAILER HITCH (TRAL), which is a major component 
and member of ribonucleoprotein complex. TRAL was clearly 
detected and enriched in a small area in the cells comprising 
the GCN and co-expressing DAZL, (H-I). These oocytes with 
TRAL positive Balbiani Body later get separated and are sur-
rounded by the pre-granulosa cells to assemble as PF.

BrdU Uptake by Stem Cells and GCN Suggestive 
of Ongoing Mitosis and Meiosis

BrdU incorporation could demonstrate mitosis, mitochon-
drial replication, DNA repair and meiosis in germ cells/

oogonia [31] but DNA synthesis in mitotic and meiotic cells 
has distinct features [32]. Based on the results described 
above (Fig. 7), cytoplasmic DAZL was suggestive of the 
cells had already entered meiosis.

Figure 8, A-D represent cells in various stages of mito-
sis or DNA repair whereas the staining pattern in E-J were 
suggestive of meiosis. Chromatin pattern of DAPI stained 
nuclei was carefully observed along with BrdU staining pat-
tern and DAZL expression. Cell clusters undergoing mito-
sis expressed nuclear MVH and chromatin was uniformly 
stained with DAPI and BrdU. Meiosis was basically marked 
by speckled staining pattern of BrdU. The GCN were bigger 
(E–G) and doublets were also observed with cytoplasmic 
DAZL and speckled BrdU (H–J). Note the differential MVH 
expression in the GCN and few cells expressing speckled 
BrdU (E). Few nests were observed with speckled BrdU 
expression in all the MVH positive cells (F, G) suggestive 
of a later stage of development. A cell doublet was observed 
with cytoplasmic DAZL and speckled BrdU suggesting it 
has broken down from a nest (H). Doublets with speckled 

Fig. 7   Immuno-expression of markers suggestive of oogenesis in 
adult ovary. A STRA8 immuno-expression is suggestive of pre-mei-
otic replication B SCP3 expression suggests later stages of meiosis 
in germ cell nest C Cytoplasmic STRA8 suggesting that the nest 
is differentiated D Downregulation of SSEA1 in SCP3 positive 
nest suggesting that nest has entered meiosis. E Overlay of TEX14 
(marker for ring canal) with SSEA1. E’  is the Z stack projection of 

E. F Co-expression of DAZL and Cytochrome C (CYTO C) suggest-
ing mitochondrial transport in GCN. F’ is Z stack projection of F G 
Mitochondrial cloud (Balbiani body) expressing CYTO C in a DAZL 
positive nest. downregulation of DAZL expression in the GCN sug-
gests it is in later stages of maturation. H-I. DAZL positive Balbiani 
Body co-expresses Trailer Hitch (TRAL). Scale: A 3 µm, B 2 µm, C 
4 µm, D E’ & F’ 3 µm

1704 Stem Cell Reviews and Reports (2021) 17:1695–1711



1 3

BrdU and minimal DAZL expression were also observed 
(I–J). Co-expression of BrdU was studied along with SCP3 
which marked cells undergoing meiosis. Figure 9 shows co-
expression of SCP-3 with BrdU (A–B) during metestrus pro-
viding additional evidence to support prophase of meiosis 1 
in adult ovary. Nuclear expression of BrdU was evident. The 
staining pattern is very dynamic in nature and had we made 
the smears 3–4 h earlier, we would have observed greater 
nuclear expression. Ovarian tissue collected after 11 days 
of BrdU injection, showed BrdU in the oocyte of a second-
ary follicle (D) whereas the negative control with omission 
of primary antibody showed no staining (C). These results 
are intriguing and suggest that stem cells took up BrdU, 
underwent mitosis/ meiosis, retained BrdU and matured into 
a secondary follicle within 11 days. Earlier, GFP positive 
oocytes have been reported to be formed within 1–2 weeks 
of transplantation [34].

Apoptosis in the Developing Germ Cell Nests

After the dumping of cytoplasm and cytoplasmic organelles 
into the developing oocyte, the nurse cells regress and die 
and massive cell loss occurs in the fetal ovaries [23, 33]. 
Co-expression of PARP (apoptosis marker) and SSEA1 was 
studied in OSE cells smears (Fig. 10). Few GCN were visu-
alized with PARP expressing cells whereas in some, a large 
cell was visualized negative for PARP which could be the 
possible future egg (Fig. 10A).

Fate of Transplanted VSELs In Vivo

To confirm the role of VSELs in oogenesis, FACS sorted 
SSEA-1 positive VSELs in the size range of 2–6 μm from 

GFP mice were transplanted in 2–3 months adult ovary 
(Suppl Fig. 21). GFP positive GCN in OSE cells smears were 
observed after 14 days of transplantation. Previous studies 
have shown that OSCs upon transplantation results in oocyte 
formation and birth of fertile pups [34]. Transplanted VSELs 
co-expressed SSEA-1 and GFP (Fig. 11) whereas the resi-
dent VSELs expressed SSEA-1 and remained negative for 
GFP (Suppl Fig. 22). GFP and SSEA-1 positive cell dou-
blets were clearly observed. Besides SSEA-1 positive GCN 
expressing GFP (from transplanted VSELs) and negative 
for GFP (from tissue-resident VSELs) were observed. Suppl 
Figs. 23–24 shows different stages of GCN maturation. 
z-stack of a GFP + GCN with a developing oocyte (Suppl 
Fig. 23) whereas in Suppl Fig. 24 a putative oocyte is clearly 
observed. Note gradual loss of SSEA-1 as the GCN develop 
further (Suppl Fig. 24). Results confirm a crucial role of 
VSELs during neo-oogenesis in adult ovaries.

OSE Cells Culture and Live Cell Imaging

OSE cells were isolated and cultured overnight and later 
subjected to live cell imaging. Suppl Fig. 25 shows cells 
under an inverted microscope, epithelial-mesenchymal 
transition was clearly evident leading to the formation of 
a feeder layer. Stem cells were clearly visualized as small, 
spherical cells which remained non-adherent in  vitro. 
These cells were subjected to live cell imaging, under an 
inverted microscope, and as shown in Suppl Fig. 26, the 
cells were observed in different stages of development. 
GCN of varying sizes were observed. Bigger oocyte 
was observed (Suppl Fig. 26D) along with a cluster of 
putative ‘nest cells’ undergoing cell death. GFP + ve 
GCN were observed in OSE cell smears prepared from 

Fig. 8   BrdU staining in MVH and DAZL positive germ cells. 5A. 
A-D BrdU expression in MVH positive germ cells reveals mitotic/
DNA repair/ mitochondrial replication. E-G MVH positive cells 

showed BrdU uptake in perinuclear area dispersed throughout the 
nucleus as speckled pattern suggestive of meiosis. Scale: A-B & E-J 
3 µm, C-D 2 µm
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OCT-4-eGFP mutant mice (Pou5f1-EGFP mice, Jackson 
Laboratory, USA). These mice are generally used to study 
GFP positive primordial germ cells and are not supposed 
to express GFP in adult tissues. But since VSELs are 
developmentally equivalent to primordial germ cells [4], 
GFP positive VSELs are expected to exist in adult ovaries 
and eGFP positive GCN were visualized (Suppl Fig. 27). 
MitoTracker (dye that stains mitochondria in live cells) 

expression was also observed in eGFP + OCT-4 + cluster 
of cells with nuclei counterstained with Hoechst (Suppl 
Fig. 28). Suppl Video 1 shows oocyte developing from a 
GCN. Oocyte/future egg grows in a nest and later detaches 
from it whereas egg in upper left corner seems to release 
zona pellucida and polar body. It is clearly evident from 
the video that the egg is newly formed from GCN and is 
not pre-existing.

Fig. 9   Co-expression of SCP3 with BrdU (A-B) and BrdU in the 
oocyte of  a secondary follicle in ovary section  (D). Co-expression 
of BrdU and SCP3 was studied in late metestrus. Scale: A-B: 10 µm. 
D Co-expression of BrdU with MVH in an oocyte of secondary fol-
licle whereas C negative control with omission of primary antibody 

showed no staining. MVH was cytoplasmic whereas BrdU showed 
both nuclear and cytoplasmic expression. Non-specific red color 
in D was essentially observed in between cells and granulosa cells 
remained negative
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Discussion

Key finding of the present study is the successful dem-
onstration of various events whereby ovarian stem cells 
lodged in the OSE undergo differentiation, neo-oogenesis 
and follicle assembly in adult mice ovaries under physi-
ological conditions without utilizing any genetic tool to 
track the events (Fig. 12). Ovarian VSELs undergo ACD 
to self-renew and give rise to slightly bigger OSCs which 
in turn undergo SCD and clonal expansion to form GCNs 

(by rapid proliferation and incomplete cytokinesis) and 
all these events were clearly evident in OSE cell smears 
and were stage-specific  during estrus cycle. Maximal 
numbers of GCN in different stages of development were 
visualized in Estrus and Metestrus stage of the estrus 
cycle. We had earlier contradicted [35] the findings of 
Lei and Spradling [36] who denied the presence of stem 
cells and their differentiation into oocytes in adult mouse 
ovary, and had dissected out all the events in fetal mouse 
ovaries [33]. Present study was focused on the formation 

Fig. 10   Co-expression of SSEA-1 with PARP to mark apoptosis 
within the nurse cells. A Dying cells indicated by the expression of 
nuclear PARP. B Note one of the cells in few of the GCN survives 
apoptosis does not express PARP and is destined to form the future 

oocyte. C-D PARP positive nests indicating the massive apoptosis 
happening in adult ovary. Cell smears for these experiments were pre-
pared from mouse ovaries collected during metestrus. Scale: 3 µm
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of GCN under physiological conditions in vivo and also 
gathered evidence to support various events suggestive 
of neo-oogenesis in the adult ovary. Also, we success-
fully show formation of a secondary follicle with BrdU 
positive nuclei after 11 days of BrdU injection which sug-
gests that the oocytes formed by differentiation of stem 
cells are indeed functional. Potential of VSELs to form 
GCN is clearly demonstrated since GFP positive VSELs 
formed GCN upon transplantation. Contrary to the current 
understanding of the presence of a single wave of GCN 
formation during early development, we report regular for-
mation of GCN from the ovarian stem cells (VSELs and 
OSCs) that undergo meiosis and eventually break down 
once every estrus cycle to form oocytes whereas the nurse 
cells undergo apoptosis under the influence of circulatory 
gonadotropin and ovarian hormones in adult mice ova-
ries resulting in regular neo-oogenesis and PF assembly 
(Fig. 12).

Martin et al. [8] confirmed the presence of VSELs in 
adult mouse ovary as viable cells with surface phenotype 
of LIN-CD45-SCA-1 + but upon sorting, these cells were 
found negative for MVH. Authors argued that various stud-
ies reported so far in vitro focus on MVH positive OSCs 
and thus questioned the role of VSELs. Results of the pre-
sent study showing ability of VSELs to form GCN should 
address this concern. Moreover, it is important to realize that 

OSCs can be expanded for months in vitro but they have a 
finite life span in vivo. Once a cell gets committed, it differ-
entiates and enters a path of no return. VSELs are the most 
primitive and relatively quiescent stem cells that function in 
a subtle manner in the adult ovary to give rise to OSCs by 
undergoing regular ACD and OSCs further undergo SCD 
and GCN formation to further differentiate into oocytes. 
Thus, both VSELs and OSCs have crucial and specific roles 
to play in ovarian stem cells biology.

Results of the present study showed nuclear and surface/
cytoplasmic MVH in SSEA-1 sorted cells (from bone mar-
row) and in BrdU positive germ cells/GCN in OSE smears. 
Using MVH to sort OSCs had earlier resulted in a contro-
versy but MVH is expressed on cell surface as well as is 
cytoplasmic in the oocytes [37]. It will be ideal to study 
MVH expression in SSEA-1 sorted cells to get the full spec-
trum since nuclear MVH cannot be detected without per-
meabilization and this explains inability of Martin et al. [8] 
to detect MVH positive VSELs by flow cytometry. Exces-
sive triton treatment could have led to non-specific nuclear 
MVH expression in the present study results, but this is not 
likely since BrdU positive cells express distinct nuclear and 
cytoplasmic MVH. Nuclear MVH positive small stem cells 
have been reported by other groups as well [38, 39] and 
PGCs also express nuclear MVH [40]. Similarly, DAZL is 
also expressed on PGCs, VSELs as well as on the OSCs.

Fig. 11   Differentiation potential of 2–6 µm, SSEA-1 and GFP posi-
tive, FACS sorted VSELs upon direct transplantation in Swiss mice 
ovaries. OSE cells smears of recipient mice were studied after 
2 weeks of transplantation. A-B SSEA-1 positive cell doublets were 
observed which were GFP positive (A) and also GFP negative (B) 

implying both transplanted and tissue-resident stem cells divide. C-H 
GFP positive GCN were clearly observed which expressed SSEA-1 
and (E) SSEA-1 expression was gradually lost as differentiation pro-
ceeded further and putative oocyte becomes evident
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Zou et al. (2009) cultured female germline stem cells 
(FGSCs/OSCs), transplanted in ovaries where they formed 
normal follicles and resulted in the birth of pups. Abban 
and Johnson (2009) wrote an editorial on this study and 
wondered the origin of FGSCs. Are FGSCs equivalent to 
PGCs or oogonia that survive in adult ovaries as such with-
out forming cysts/primordial follicles assembly (arrested 
in prophase of meiosis 1). The authors argued that FGSCs 
could not be PGCs as they do not form teratoma whereas 
PGCs in culture (EGCs) readily form tumor. They suggested 
that FGSCs arise between the border of PGC and oogonia 
development and the initiation of germline cysts. We show 
FGSCs/OSCs arise from the VSELs (developmentally linked 
to PGCs) and various fetal events including GCN formation 
are indeed recapitulated in adult ovaries.

Increased FSH and E2 levels are responsible for the 
proliferation of germ cells whereas meiosis is understood 
to be regulated by increased LH and P in circulation [41]. 

We have earlier provided in vitro evidence showing FSH 
role in stimulating ovarian stem cells and GCN forma-
tion [18]. Mitotic to meiotic switch is an important event 
during gametogenesis and STRA8 has a crucial role [42]. 
Nuclear, longer isoform of STRA8 containing bHLH 
domain is crucial for meiotic initiation [42]. STRA8 has 
been reported across estrus cycle in mouse ovaries [20]. 
We presume that similar cues might be responsible for 
initial proliferation/clonal expansion of stem cells under 
influence of FSH and E2 whereas meiotic initiation in 
GCN and STRA8 expression might by associated with 
increased LH and P (Fig. 6). Results provide scope for 
further research to understand the variation across differ-
ent stages of estrus cycle.

To conclude, ovarian stem cells express receptors for 
gonadotropin and ovarian hormones, show cyclic varia-
tion across estrus cycle and undergo normal proliferation, 
clonal expansion, differentiation resulting in neo-oogenesis 

Fig. 12   Our Postulate based on the results of the present study. 
We propose a model for PF assembly from the stem cells (VSELs and 
OSCs) in adult mouse ovary under physiological conditions. Quies-
cent VSELs undergo asymmetrical cell divisions to self-renew and 
give rise to OSCs which in turn undergo symmetrical cell divisions 
during diestrus and early proestrus. Gradually rising levels of FSH 
and elevated estradiol levels during PE cause OCT-4 positive OSCs 
to clonally expand to form GCN comprising of oogonial cells which 
remain interconnected through the TEX14 positive ring canals. Estra-
diol levels later decline concomitant with the upregulation of pro-
gesterone and LH and FSH surge by late PE during the ‘active dark 
period’. OSE smears prepared during diestrus, showed maximum 
ACD and SCD whereas smears taken during afternoon of proestrus 
showed oogonial nest. Elevated levels of FSH and LH during late 

PE are responsible for the expansion of pre-meiotic STRA-8 positive 
germ cells in the GCN. Meiosis occurs in the GCN during E and ME 
with expression of meiotic transcripts (Scp1, Spo11, Dmc1) and char-
acteristic changes in the chromatin observed by BrdU staining. These 
GCN develop further, one of the cells gets identified as the oocyte 
and transfer of cytoplasmic organelles including mitochondria occurs 
from the sister cells into it through the ring canals resulting in the for-
mation of a Balbiani Body. With falling estradiol levels in late metes-
trus, these nests break down to form oocytes which get surrounded 
by pre-granulosa cells to form new primordial follicle. Maximal num-
bers of PF in DE correspond to similar increase reported in ovarian 
sections. A newly formed oocyte can be distinguished by the presence 
of BB that later gets dispersed in the perinuclear region
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followed by follicle assembly in adult life. We describe 
serendipitous findings and everything made sense once we 
started looking for estrus cycle specific changes. Injecting 
BrdU in any other stage other than metestrus/diestrus may 
not show its uptake in newly formed oocytes. How this 
process of neo-oogenesis and primordial follicle assembly 
gets affected with age and upon exposure to endocrine 
disruption is currently being investigated. Hopefully the 
results of the present study will encourage more research 
in the field and bring about a paradigm shift.
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