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Abstract
Objectives: Previous studies have shown that prom-
yelocytic leukaemia zinc finger (PLZF) is a sper-
matogonia-specific transcription factor in the testis,
required to regulate self-renewal and maintenance
of the spermatogonia stem cell. Up to now, expres-
sion and function of PLZF in the goat testis has
not been known. The objectives of this study were
to investigate PLZF expression pattern in the dairy
goat and its effect on male goat germline stem cell
(mGSC) self-renewal and differentiation.
Materials and methods: Testis development and
expression patterns of PLZF in the dairy goat were
analysed by haematoxylin and eosin staining,
immunohistochemistry and reverse transcription-
polymerase chain reaction (RT-PCR). Furthermore,
effects of PLZF overexpression on mGSC self-
renewal and differentiation were evaluated by
quantitative RT-PCR (QRT-PCR), immunofluores-
cence and BrdU incorporation assay.
Results: Promyelocytic leukaemia zinc finger was
essential for dairy goat testis development and expres-
sion of several proliferation and pluripotency-associ-
ated proteins including OCT4, C-MYC were
upregulated by PLZF overexpression. The study dem-
onstrated that PLZF played a key role in maintaining
self-renewal of mGSCs and its overexpression
enhanced expression of proliferation-associated genes.
Conclusions: Promyelocytic leukaemia zinc finger
could function in the dairy goat as well as in other
species in maintaining self-renewal of germline

stem cells and this study provides a model to study
the mechanism on self-renewal and differentiation
of mGSCs in livestock.

Introduction

Mammalian spermatogenesis derives from spermatogo-
nial stem cells (SSCs), also known as male germline
stem cells (mGSCs). Maintaining self-renewal of SSCs is
the basis for continued mammalian spermatogenesis,
helping male animal production of large amounts of
sperm. Self-renewal and differentiation of SSCs are
affected and regulated by a variety of internal and exter-
nal environment factors (1) and previous studies have
shown that many transcription factors and cytokines are
necessary for self-renewal and differentiation of SSCs
(2,3). TAF-4b has been shown to be critical for promo-
tion of SSC proliferation and maintenance of normal
spermatogenesis (4). Oct4 has been found to be
expressed in embryonic primordial germ cells and in
juvenile mouse spermatogonia (5). Glial cell line-derived
neurotrophic factor (GDNF) promotes cell proliferation
and self-renewal of SSCs (3) although Akt knockout is
detrimental to spermatogenesis in mouse (6). ERM is a
key factor for self-renewal and maintenance of spermato-
genesis of SSCs in adult rat (7) and Foxo1 is required
for SSC self-renewal and differentiation in mouse (8).

Promyelocytic leukaemia zinc finger (PLZF) was
originally identified in acute promyelocytic leukaemia
(APL) as one partner of proteins fused by a reciprocal
chromosomal translocation to the retinoic acid receptor-
alpha (9,10). PLZF is a transcription factor containing
nine carboxyterminal zinc fingers and an amino terminal
POZ domain, which suppresses transcription by binding
to specific DNA sequences with the help of recruiting
co-repressors (11); nevertheless, PLZF can activate
transcription (12). It is a key regulator of myeloid devel-
opment (13), and has a role in the immune response
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(13). In addition, PLZF is essential for maintaining self-
renewal of stem cells, including SSCs (14). Numerous
genes are regulated by PLZF, such as MYC and cyclin
A2 (15). The goat (Capra hircus) is a convenient
domestic species for current biological investigation and
application as it has diversified products of commercial
value and a relatively short gestation period (16). SSCs
could be one of the most effective ways to create trans-
genic animals and a model could be of use for infertility
treatment. Understanding of SSC self-renewal will be
helpful for application of SSCs. However, information
on PLZF regulation of goat SSCs has been limited and
whether PLZF contributes to dairy goat mGSC self-
renewal has not been known. Recently, Bahadorani
et al. initially demonstrated that expression of PLZF,
Vasa in goat was highly conserved (17). However, these
authors did not provide further study on PLZF function
in goat. Here, for the first time, we have compared
PLZF expression in dairy goats of different ages and
analysed any possible relationship between PLZF and
self-renewal-associated proteins. Then, dairy goat PLZF
mRNA full-length sequence was obtained by using in
silico cloning. Subsequently, PLZF overexpression in
mGSC was observed successfully through recombinant
vector transfection. Furthermore, results show that PLZF
overexpression upregulated proliferative and pluripotent
gene expression in dairy goat mGSCs. This study will
be valuable for comprehensive evaluation of the role
played by PZLF, in mammalian SSCs.

Materials and methods

Collection of dairy goat testes

Guanzhong dairy goat testes were supplied by Yaoan
abattoir, Yangling Hi-tech district, collected from goats of
different ages. Animals were killed specifically for our
experiment and all procedures were approved by North-
west A&F University and Shaanxi Centre of Stem Cell
Engineering & Technology, Northwest A&F University.

Testicular tissue immunohistochemistry

Testicular tissues were derived from goats 30 days post-
natal (dpp), 6 M (month) and 10 M; they were dissected
and fixed in 4% paraformaldehyde for 24 h embedded
in paraffin wax, sections cut, deparaffinized and rehy-
drated following standard methods (18). Slides were
soaked in boiling citrate buffer for 15–25 min, followed
by three washes in cold phosphate buffered saline
(PBS), each for 5 min. Samples were then incubated in
3% H2O2 for 10 min to inhibit endogenous peroxidise
activity and rinsed in PBS. Blocking was performed

with 4% goat serum at room temperature for 20 min.
Slides were then exposed to primary antibody (anti-
PLZF, 1:100; Santa Cruz, CA, USA) overnight at 4 °C
or for 1–2 h at room temperature. Appropriate HRP-
conjugated secondary antibodies and chromogen solu-
tion 3, 3-diaminobenzidine (DAB) were used according
to the manufacturer’s manual (Beijing Zhongshan
Golden Bridge Biochemical Factory, Beijing, China).
Concurrently, negative controls were stained with conju-
gated secondary antibodies alone: goat anti-rabbit IgG
and goat anti-mouse IgG (19). Testes from the three age
groups (30 dpp, 6 M and 10 M, 3 samples from each
group) were fixed, sectioned and stained for PLZF
expression. Testis seminiferous tubule cross-sections
were used to determine percentage of PLZF-positive
cells (number of PLZF-positive cells per seminiferous
tubule/Total cells in each seminiferous tubule cross-sec-
tion). Average percentages of PLZF-positive seminifer-
ous tubules cross-section were plotted.

RT-PCR and quantitative RT-PCR analysis

Total RNAs for RT-PCR analysis were extracted from
all tissue categories and cultured using TRIzol (Tiangen
Biotech Co. Ltd, Beijing, China). PCR primers and
lengths of amplicons were listed (Table S1). Protocol
details for RT-PCR and gel electrophoresis can be
referred from previous studies (20,21). Quantitative
reverse transcriptase-polymerase chain reaction (QRT-
PCR) was set up in 15 ll reaction mixtures as described
by Hu et al. (22). Fluorescence signal was collected
every 0.5 °C for 10 s.

In silico cloning and evolutionary relationship of PLZF
coding domain sequence (CDS)

Transcriptome Shotgun Assembly (TSA) sequences
Database in NCBI (National Center for Biotechnology
Information) were used for in silico cloning, splicing
and obtaining dairy goat PLZF, which contains the
whole CDS. Briefly, bovine PLZF cDNA sequence
(GenBank accession number: NM_001037476) was put
as the seed sequence, and BLAST alignment in goat
TSA database was conducted to obtain goat homology
TSA sequences (Fig. 1c); then several overlapping
sequences from the result of BLAST alignment were
selected, spliced and finally, the nucleotide sequence
(we named it putative PLZF cDNA sequence), then the
sequence was analysed by homology and evolution.

Primers were designed according to the putative
PLZF cDNA sequence achieved from the in silico clon-
ing; primers were synthesized by Peking SanBoYuanZhi
Company (Beijing, China) (Table S1). Guanzhong dairy
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goat PLZF CDS was obtained using RT-PCR, and
sequenced by Peking SanBoYuanZhi Company. The
sequence was then aligned with known sequences in
GenBank by DNAman software and the phylogenetic
tree was depicted with MEGA4.1 (23).

Construction of recombinant plasmid

Full length coding sequence for PLZF was obtained
using RT-PCR and was cloned into pMD18-T cloning
vector (TaKaRa, Dalian, China). Briefly, DH5a compe-
tent cells were used; recombinant plasmid with DNA
resistant to ampicillin was introduced to the competent
cells and streaked on lysogeny broth agar plates with
antibiotic. After blue-white screening, positive clones
were identified by PCR, restriction enzyme digestion
and sequencing. Fragments were then cloned into
pIRES2-EGFP eukaryotic expression vector to obtain
pPLZF-IRES2-EGFP recombinant plasmid (23).

Cell culture and transfection

Goat foetal testes (age of 2–5 months terminated specifi-
cally for these experiments) were collected and washed
5–10 times in PBS supplemented with 100 U/ml penicil-
lin and 100 mg/ml streptomycin. Seminiferous tubules
from each testis were cut into small pieces using forceps
and scissors. Seminiferous epithelial cells were dissoci-
ated by modified enzymatic digestion and plated by
two-step successive differential plating methods
(Fig. 2a) (20). mGSCs were cultured under optimum
culture conditions (19) for 9 days, then cultured in non-
optimum culture conditions in 2–3 serial passages within
8 days, before being passaged into 48-well plate for
transfection with plasmid. Non-optimum culture condi-
tions contain DMEM/F12 (Invitrogen, Carlsbad, CA,
USA), supplemented with 10% serum (Hyclone, Logan,

UT, USA), 4 mM L-glutamine (Invitrogen), 1% non-
essential amino acids (Invitrogen).

pPLZF-IRES2-EGFP recombinant plasmid and
pIRES2-EGFP were transfected into the mGSCs in 48-
well plates. The specific transfection protocol was fol-
lowed from Li et al. (18). Briefly, 500 ng plasmid and
1 ll LipofectamineTM LTX Reagent (Invitrogen) were
diluted in 25 ll Opti-MEM (Invitrogen) reduced serum
medium respectively; mixed gently and incubated for
5 min at room temperature. Then diluted Lipofecta-
mineTM LTX Reagent (Invitrogen) was added directly to
diluted plasmid and gently rocked and incubated for
20 min at room temperature. Fifty microlitres of plas-
mid-LipofectamineTM LTX complexes was added, and
transfection medium was replaced 5 h later by fresh
medium; cells were observed after 48 h using inverted
phase contrast microscopy. GFP-positive cells were
examined after 72 h, and total RNAs of the two groups
were extracted. Expression of Vasa, PLZF, GFRa1, C-
MYC and Oct4 was analysed by QRT-PCR (22).

Optimization of culture conditions for dairy goat mGSC

Purified cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 20%
knockout serum replacement (KSR; Invitrogen), 4 mM

L-glutamine (Invitrogen), 1% non-essential amino acids
(Invitrogen), 100 IU/ml penicillin and 100 mg/ml streptomy-
cin (Invitrogen), supplemented with 5 ng/ml recombinant
human basic fibroblast growth factor (bFGF; Millipore,
Billenca, MA, CA, USA) and 2.5 lM 6-bromoindirubin-
3′-oxime (BIO; Merck, Munchen, Germany) (19).

Immunofluorescence

Specific markers of pluripotent stem cells and mGSC
were analysed by immunofluorescence. Briefly, second

(a) (b) (c)

Figure 1. RT-PCR analysis of expression of PLZF and associated markers in dairy goat testicular tissues of 30 dpp, 6 M and 10 M sam-
ples. (a) Expression of PLZF, OCT4, STRA8, CDk2, CYCIND1 and C-MYC in 30 dpp, 6 M and the 10 M testicular tissues, b-actin as internal
control. (b) Relative value of (a) (measured by ImageJ). **P < 0.01. (c) Series of goat homology TSA sequences gained by the Bos taurus seed
sequence BLAST alignment in the goat TSA database.
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to fourth passage mGSCs before, and 72 h after trans-
fection, were fixed in 4% paraformaldehyde (PFA) for
10 min at room temperature. Cells were permeabilized

with 0.1% Triton X-100 for 10 min, blocked in 10%
goat serum in PBS at room temperature for 1 h, and
incubated with primary antibodies overnight at 4 °C.

Day 2 Day 9

 2 to 3 serial 
passage in 
8 days 

Non-optimun 
celturre
conditions

DNA+Lipofectamine TM

Lipofectamine TM

pPLZF-IRES2-EGFP

Day 2 Day 3 Day 5 Day 7

a* b*Day 8 Day 9

(a)

(b)

Figure 2. Schematic diagrams of the study. (a) Goat testes were mechanically dissociated and digested into single cells which were then treated with
differential plating in 6-well plates for 16 h. Suspended cells (we named them mGSCs) were isolated and inserted into other wells pre-treated with ma-
trigel. mGSCs were then cultured in optimum media for 9 days. After aggregation, mGSCs were digested once more and cultured in non-optimal cul-
ture conditions for 2–3 serial passages over 8 days. mGSCs were then plated into 48 wells before being transfected with plasmid, 2 days later.(b)
Morphological changes in mGSCs (before, concurrent with, or after medium change), days 2, 3, 5, 7, 8 and 9. Morphological changes in mGSCs under
optimum culture conditions at different days. (a*) Morphology of mGSCs before transfection; (b*) Morphology of mGSCs 72 h after transfection.
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Primary antibodies included anti-: PLZF (1:100; Santa
Cruz), OCT4 (1:20; Millipore), VASA (1:200; Abcam
Cambridge, MA, USA), C-MYC (1:200; Chemicon
Temecula, CA, USA), GFRa1 (1:100; Santa Cruz),
CD49F (1:100; Santa Cruz), LIN28 (1:100; Santa
Cruz), NANOS2 (1:100; Santa Cruz), NANOG (1:100;
Santa Cruz). After three washes in PBS, cells were
incubated in secondary FITC- or TRITC-conjugated
antibodies (1:500; Chemicon) at room temperature for
30 min followed by three washes in PBS. Concur-
rently, negative controls were stained with conjugated
secondary antibodies alone: goat anti-rabbit IgG and
goat anti-mouse IgG. Nuclei of cells were stained
using Hoechst 33342 (Sigma, St Louis, MO, USA).
Images were captured using a Leica fluorescence
microscope (Hicksville, NY, USA) (24).

BrdU incorporation

After PLZF overexpression, mGSCs proliferation was
determined by BrdU incorporation assay as described
previously (25). BrdU-positive cells were detected by
incubating them in TRITC-conjugated secondary anti-
body (1:500; Millipore) for 1 h at room temperature.
After three washes in PBS, cells were visualized by
fluorescence microscopy and analysed for BrdU incorpo-
ration.

Statistical analysis

Data are presented as mean � SEM. Statistical compari-
sons were assessed by Student’s t-test; P < 0.05 was
considered statistically significant and P < 0.01 was
considered a significant difference.

Results

Reproductive status of dairy goat testis

Figure 3c,f,i and Fig. S1 indicate that numbers of germ
cells per seminiferous cord/tubule cross-section initially
were low, increasing from birth to 6 months of age. Most
cells in seminiferous cords were Sertoli cells. No spermat-
ids could be seen in seminiferous cord/tubule cross-sec-
tions of young animals, thus, reproductive status of 30 dpp
and 6 M ones could be defined as pre-puberty. A very dra-
matic increase in germ-cell population per cross-section of
seminiferous tubules occurred by 10 months of age, and
some of seminiferous cord/tubule cross-sections contained
spermatids (Fig. S1ΙΙ,ΙΙΙ). Thus, the goats appeared to have
begun spermatogenesis by 10 M of age (Fig. S1I,IV).

Expression pattern of PLZF

Results of immunohistochemistry manifested that high-
est expression level of PLZF in our dairy goat testicular
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Figure 3. Testis histological phenotype and PLZF expression pattern in the dairy goat. (a) Control groups for immunohistochemical staining
of three age groups (a*, d*, g*); HE staining of the three different age groups (c*, f*, i*); PLZF immunohistochemical staining of the testicular tis-
sues of the three different age groups (b*, e*, h*). Bar = 65.34 lm (a*–i*). (b) Percentage of PLZF-positive cells per seminiferous tubule cross-sec-
tion. *P < 0.05, **P < 0.01. (c) PLZF expression at three different ages of testicular tissue was analysed by RT-PCR. (d) Relative expression
values of PLZF at the three different ages (measured by ImageJ). **P < 0.01.
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tissue was at 6 M (Fig. 3a,b) then declined by 10 M,
which was consistent with results of our RT-PCR
analysis (each group contains 3 samples) (Fig. 3c,d),
and variation in the trend of PLZF level was similar to
real-time PCR and western blotting results in mice (26).
PLZF was located in both cytoplasm and nuclei of sper-
matogonia (Fig. 3b,e,h). RT-PCR analysis showed that
PLZF expression levels varied testicular tissue of goats
at different ages, at 6 M, PLZF expression reaching its
highest level. Compared to pubertal (6 M) testis, relative
expression level of PLZF was much lower in adult
(10 M) and kid (1 M) testicular tissue (Fig. 3c,d).

It has been reported that numerous genes, such as
MYC, are specifically regulated by PLZF, (15). Expres-
sion patterns above raise the possibility that the C-MYC
and cyclin gene families, and other associated genes, were
also expressed variously in the testes of goats of different
age groups. Thus, RT-PCR analysis of C-MYC, PLZF,
STRA8, CYCLIN D1, CDK2 and OCT4 expression lev-
els among 30 dpp, 6 M and 10 M goats were compared.
Similar to PLZF, expression levels of CYCLIN D1,
CDK2 were much lower in 30 dpp and 10 M goat testes
compared to those of 6 M. However, C-MYC and OCT4
reached their peaks in the 30 dpp group and STRA8
reached its highest level in 10 M adults. (Fig 1a,b).

Identification of the dairy goat PLZF gene

Promyelocytic leukaemia zinc finger nucleotide
sequence of Guanzhong dairy goat was obtained by in

silico cloning (Fig. 1c) before the whole-genome of the
domestic goat (Capra hircus) was sequenced by the
Kunming Institute of Zoology, China (27). NCBI ORF
finder was used to analyse the open reading frame
(ORF) of the splicing sequence. A 2022 bp ORF was
cloned by RT-PCR and identified by RT-PCR (Fig. 4a),
restriction enzyme digestion (Fig. 4b) and sequencing
(data not shown). Furthermore, we aligned the cloned
sequence with PLZF CDS of Bos taurus, Homo sapiens
and other species. Homology of the nucleotide sequence
was analysed by NCBI GEO (Gene Expression Omni-
bus, GEO) database. Results showed the PLZF nucleo-
tide sequence we cloned, of the Guanzhong dairy goat,
had high homology with that of human, rat and mouse,
and other species (Fig. 4c), as high as 99% to Bos tau-
rus (Table 1). Phylogenetic trees (Fig. 4c) showed that
Bos taurus was the most closely related species to
Guanzhong dairy goat’s PLZF, followed by human
beings, the sequence of PLZF gene having been identi-
fied by GenBank (accession number: JX047313, pub-
lished).

Identification of pPLZF-IRES-EGFP recombinant
plasmid

The cloned PLZF was cloned into pIRES2-EGFP
eukaryotic expression vector to obtain pPLZF-IRES2-
EGFP plasmid, which was verified by restriction enzyme
(SalI and BamHI) digestion (Fig. 4b).

(a) (b)

(c)

(d)

Figure 4. Identification of dairy goat PLZF gene. (a) Agarose gel electrophoresis analysis of PLZF PCR product. (b) pPLZF-IRES2-EGFP was digested
by SalI and BamHI. M1: 15 000 bp ladder; M3: 10 000 bp ladder; M2: 2000 bp ladder. pIRES2-EGFP eukaryotic expression vector was in the order of
5300 bp and PLZF fragment was around 2300 bp. (c) Construction of phylogenetic trees with PLZF cDNA sequence of dairy goat and other species. (d)
The homologic comparison of Plzf cDNA sequence of dairy goat compare with sequences published in NCBI GenBank.
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Overexpression of PLZF promoted mGSC self-renewal

Our dairy goat mGSCs maintained typical GSC and ES-
like colonies when cultured under optimum culture con-
ditions for 9 days (19); cells expressed PLZF, VASA
(28), OCT4 (29) (also known as POU5F1), NANOS2
(30), NANOG (31), LIN28 (32) and CD49F (33) as
analysed by immunofluorescence (Fig. 5).

Culture medium was then changed to DMEM/F12,
consisting of 10% FBS, and recombinant vector
pPLZF-IRES2-EGFP was transfected into the cells.
Seventy-two hours after transfection, cells were analy-
sed by QRT-PCR, BrdU analysis and immunofluores-
cence. Expression levels of PLZF, VASA, OCT4, C-
MYC and GFRa1 in PLZF overexpression groups
were much higher than in pIRES2-EGFP group
(Fig. 6a, Table S2); similar results were observed by
QRT-PCR (Fig. 6b) (n = 3). These results indicate
that overexpression of PLZF upregulated expression of
VASA-germ cell marker, GFRa1 (GDNF family recep-
tor alpha-1) pluripotency marker Oct4 and C-MYC
(20).

BrdU incorporation assay showed that percentage of
BrdU-positive mGSCs in the PLZF overexpression
group (48.5%) was significantly higher than in the
pIRES2-EGFP group (20.2%) and blank control group
(transfected with no plasmid) (19.8%) (Fig. 7). These
results further confirmed that overexpression of PLZF
enhanced self-renewal of the dairy goat mGSCs.

Discussion

Maintenance of sperm count in adult germline tissues
is dependent on the resident stem-cell pool with self-
renewal potentiality (34); factors regulating balance
between stem cell self-renewal and differentiation
ensure tissue homeostasis. Disruption of these regula-
tory mechanisms can lead to tissue degeneration (35)
and maintenance of high levels of mGSCs is essential
for eventual fertility of mammalian spermatogenesis. It
has been reported that lack of PLZF expression has
resulted in germ cell loss and testicular atrophy in
aged male mice, eventually leading to infertility
(5,14). Biallelic PLZF loss of function and gonad
hypoplasia in male patients has been reported (36)
and studies on both rodent and human have suggested
that PLZF plays an important role in self-renewal of
mGSCs.

In our study, mGSCs maintained characteristic stem
cell markers under optimization culture conditions, in
accordance with results of Zhu et al. (19). However,
when mGSCs were treated with DMEM/F12 containing
10% serum, compact, round cell clones scattered and no

longer formed aggregates. Interestingly, although expres-
sion of pluripotency-associated markers was lost or
reduced in scattered cells of pIRES2-EGFP groups, in
pPLZF-IRES2-EGFP groups, they remained in perfect
condition. In addition, BrdU incorporation assay also
confirmed that proliferation ability of dairy goat mGSCs
was higher in the pPLZF-IRES2-EGFP group than in
pIRES2-EGFP group.

In vivo expression levels of PLZF, consistent with
C-MYC and OCT4, were higher in 6 months and
30 dpp goat testis than those of 10 M old animals;
however, CYCLIN D1, CDK2 and STRA8 were not.
This raises the possibility that there exists a relation-
ship between PLZF and pluripotency-associated genes.
In combination with results of PLZF overexpression
in mGSCs, our study further suggested that overex-
pression of PLZF activated expression of proliferation
and pluripotent-associated genes, while lower expres-
sion of PLZF lead to downregulation of those genes.
Higher levels of PLZF affect differentiation of mGSCs
into sperm cells, and maintain self-renewal of mGSCs.
The view that PLZF may inhibit male germ cell dif-
ferentiation in the goat also could be supported by in
vivo evidence. Figure 1a and 1b show younger
(30 dpp and 6 M) specimens with higher levels of
pluripotency-associated genes (such as PLZF) and
lower levels of differentiation genes (such as STRA8),
and lower pluripotency-associated genes and higher
differentiation genes were expressed in older goat tes-
tes (10 M). Results are in accordance with the fact
that the adult goat needs to activate differentiation
genes, and simultaneously, stemness or pluripotency
genes are suppressed, to produce enough sperm for
reproduction. Also the results have shown that sperm
cell numbers increases with age, although number of
PLZF-positive cells declined (Table S3); this raises a
hypothesis that proliferation regulation of PLZF is
only for mGSCs, but not for somatic cells. In all,
these results demonstrated that PLZF plays a key role
in maintaining self-renewal of dairy goat mGSCs, and
expression levels of PLZF are essential for this mam-
mals spermatogenesis.

According to previous reports, PLZF can regulate
self-renewal of SSCs and suppress their differentiation
in rodents and human beings (5,14,34). We found that
pluripotent gene OCT4 could be activated by PLZF,
which is consistent with reports concerning mice (5).
Study of APL has revealed that PLZF inhibits expres-
sion of C-MYC directly by binding to the C-MYC pro-
moter; this could resist progression of the cell cycle by
retaining the cells in G0 (37,38). Nevertheless, in con-
trast to the previous study, we found that expression of
C-MYC was promoted, not inhibited by PLZF. Our
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Figure 6a. mGSCs detected by immunofluorescence staining and QRT-PCR at 72 h after PLZF transfection. (a) Immunofluorescence stain-
ing analysis for PLZF, VASA, OCT4, C-MYC, GFRa1in both pPLZF-IRES2-EGFP (1st and 3rd row) and pIRES2-EGFP (2nd and 4th row)
groups. Bar = 200 lm. (b) QRT-PCR analysis for GFRa1 (a*), VASA (b*), OCT4 (c*), PLZF (d*) and C-MYC (e*) in pPLZF-IRES2-EGFP
groups and pIRES2-EGFP groups. *P < 0.05; **P < 0.01.
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results showed that C-MYC could be upregulated by
higher expression of PLZF and downregulated by its
lower expression (Fig. 6a,b). Accordingly, we assumed
that the pathway of PLZF regulation of C-MYC in
mGSCs might be different from that in APL (37,39).
Certainly, more work needs to be performed to support
this assumption.

In conclusion, our study first explored the expression
pattern of PLZF in dairy goats, and cloned its CDS,
which further proved that PLZF plays a key role in
maintaining self-renewal of dairy goat mGSCs. Overex-
pression of PLZF promoted proliferation and upregulat-

ed pluripotency-associated genes of the mGSCs. Our
findings will extend further support for the crucial roles
of PLZF in mammalian reproduction and also this study
will help us better understand self-renewal of SSCs and
therefore be helpful for application of dairy goat SSCs,
in for example, breeding.
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