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Aim: The roles of G-protein coupled receptors (GPCRs) in stem cell biology remain unclear.  In this study, we aimed to identify GPCRs 
that might contribute to the self-renewal of mouse embryonic stem cells (mESCs).   
Methods: The expression levels of pluripotent genes and GPCR gene were detected in E14 mESCs using PCR array and RT-PCR.  
Immunofluorescent staining was used to examine the expression of pluripotent markers and the receptor translocation.  Western 
blot analysis was used to detect phosphorylation of signal proteins.  Knock-down of receptor was conducted to confirm its role in 
pluripotency maintenance.
Results: In leukemia inhibitory factor (LIF)-free medium, mESCs lost the typical morphology of pluripotency, accompanied by markedly 
decreases in expression of somatostatin receptor type 2 (SSTR2), as well as the pluripotency biomarkers Oct4, Sox2, Rex1 and Nanog.  
Addition of the SSTR2 agonist octreotide or seglitide (0.1–30 μmol/L) in LIF-free medium dose-dependently promoted the self-renewal 
of mESCs, whereas the SSTR2 antagonist S4 (0.03–3 μmol/L) dose-dependently blocked octreotide-induced self-renewal.  Knock-down 
of SSTR2 significantly decreased the self-renewal of mESCs even in the presence of LIF.  Addition of LIF (1000 U/mL) or octreotide (1 
μmol/L) in LIF-free medium significantly increased both phosphorylation and nuclear localization of STAT3.
Conclusion: The activation of SSTR2 contributes to the self-renewal of mESCs via activation of the STAT3 pathway.
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Introduction
Self-renewal and pluripotency are two essential properties of 
embryonic stem cells (ESCs), which are regulated by a com-
bined action of extracellular signals (such as cytokines and 
growth factors) and intracellular factors, including their cor-
responding receptors and downstream signal cascades[1, 2].   
Leukemia inhibitory factor (LIF) is one of the most important 
extracellular signal molecules identified to promote the self-
renewal and pluripotency of mESCs[3].  The binding of LIF to 
the LIF receptor (LIFR) leads to the recruitment of gp130 and 
activation of the Jak/Stat3 signaling pathway, which is the 
major mechanism underlying the effect of LIF in promoting 
mES cell self-renewal[4].

GPCRs are plasma membrane proteins that transduce sig-
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nals from extracellular ligands to intracellular heterotrimeric 
GTP-binding proteins (G proteins)[5].  GPCRs are the third-
largest gene family in the human genome, representing over 
800 distinct genes and 2% of the human genome.  GPCRs are 
responsible for detecting a diversity of ligands, including bio-
genic amines, amino acids, ions, lipids and peptides, as well as 
light, taste and odor stimuli, and coupling these signals to fun-
damental cellular responses such as growth, death, movement, 
transcription and excitation.  In fact, approximately one-third 
of all marketed drugs act by modulating GPCR functions[6].  

In this study, we sought to identify GPCRs that might con-
tribute to the pluripotency of mESCs.  Using a PCR array, we 
found that the expression of SSTR2 decreased significantly in 
mESCs cultured in differentiation conditions.  SSTR2 is one 
of the five receptors (SSTR1-5) that mediate the physiological 
functions of somatostatin.  SSTR2 is highly expressed in the 
hypothalamus and regulates the adenohypophyseal release 
of growth hormone, thyroid-stimulating hormone and pro-
lactin.  SSTR2 is also expressed in the frontal cortex and hip-
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pocampus, where it modulates many cognitive and vegetative 
functions[7, 8].  Furthermore, spatially and temporally regulated 
SSTR2 expression patterns have been observed during embry-
onic brain and peripheral nerve development, suggesting that 
somatostatin signaling exerts functions during neurogenesis[9].  
Here, we report a novel function of SSTR2 in maintaining 
the pluripotency and self-renewal of mESCs and the possible 
underlying mechanism.  

Materials and methods
ESC culture
Murine ESCs (E14TG2a) (CRL-1821; American Type Culture 
Collection, Manassas, VA, USA) were maintained in mES 
media (DMEM with 15% FBS (Hyclone 30070.03), 2 mmol/L 
GlutaMAX, 0.1 mmol/L non-essential amino acids (NEAA), 
0.1 mmol/L β-mercaptoethanol, 100 U/mL penicillin, and 
100 U/mL streptomycin) supplemented with murine LIF 
(1000 U/mL, Millipore, Billerica, MA, USA) and 2i (3 μmol/L 
CHIR99021 and 1 μmol/L PD0325901, Sigma, St Louis, MO, 
USA).  E14 cells were cultured under feeder-free conditions in 
the presence of LIF and passaged every 3 d.  For differentia-
tion, E14 cells were grown in bacteriologic dishes without LIF 
as control cells for 4 d.  LIF, octreotide, seglitide, S4 (GL Bio-
chem, Shanghai, China) and 2i were added in mES media at 
the indicated concentrations according to the experiments.

Real-time PCR
Total mRNA was isolated using TRIzol (Life Technology, 
Grand Island, NY, USA), and 2 μg RNA was used to synthe-
size cDNA using the PrimeScriptTM RT reagent kit (Takara, 
Otsu, Shiga, Japan) according to the manufacturer’s protocol.  
Real-time PCR was performed using JumpStartTM TaqReady-
MixTM (Sigma-Aldrich, St Louis, MO, USA) with Eva Green 
(Biotium, Hayward, CA, USA) and analyzed with a Stratagene 
Mx3000P thermal cycler (Agilent).  The primer sequences 
were as follows.  The forward primer for Oct4 was 5’-TAG-
GTGAGCCGTCTTTCCAC-3’, and the reverse primer was 
5’-GCTTAGCCAGGTTCGAGGAT-3’.  The forward primer 
for Nanog was 5’-CTCAAGTCCTGAGGCTGACA-3’, and the 
reverse primer was 5’-TGAAACCTGTCCTTGAGTGC-3’.  
The forward primer for Sox2 was 5’-AGGGCTGGGAGA-
AAGAAGAG-3’, and the reverse primer was 5’-CCGCGATT-
GTTGTGATTAGT-3’.  The forward primer for Rex1 was 
5’-GACGGATACCTAGAGTGCATCA-3’, and the reverse 
primer was 5’-GAAGGGAACTCGCTTCCAGAA-3’.  The 
forward primer for SSTR2 was 5’-CGCATGGTGTCCATCG-
TAGT-3’, and the reverse primer was 5’-GGATTGTGAATT-
GTCTGCCTTGA-3’.

Alkaline phosphatase and immunofluorescent staining
For alkaline phosphatase (AP) staining, mESCs were fixed 
with 4% paraformaldehyde (PFA) in PBS for 45 s, rinsed once 
with PBS and stained using a leukocyte alkaline phospha-
tase kit (Sigma-Aldrich, St Louis, MO, USA) according to the 
manufacturer’s protocol.  For immunofluorescent staining, 
cells were fixed with 4% PFA for 30 min, then incubated with 

primary antibodies against SSEA-1 (Santa Cruz, sc-21702), 
Nanog (Millipore, AB5731), Oct4 (Abcam, ab19857) or Stat3 
(CST, 4904) followed by the appropriate secondary antibodies 
conjugated to Alexa Fluor 555 or Alexa Fluor 488.  Nuclei were 
counterstained with Hoechst 33342.  Images were taken with 
an Olympus IX51 inverted fluorescent microscope or an Olym-
pus FV10i confocal microscope.

RNA interference in mESCs
For lentivirus-mediated SSTR2 knock-down, lentiviral vector 
FG12 (derived from the pFUGW vector, Addgene) and pack-
aging plasmids pRSV/REV, pMDLG/pRRE and pHCMVG 
were used.  To construct the shRNA expression cassette, com-
plementary DNA oligonucleotides were synthesized, annealed 
and inserted immediately downstream of the U6 promoter 
of the pBS/U6 plasmid, and the derived cassette was sub-
cloned into the FG12 vector.  Recombinant lentiviruses were 
produced in HEK-293T cells to express shRNA against cod-
ing regions of SSTR2.  Virus expressing a scrambled shRNA 
sequence was prepared as a control.  E14 cells were infected 
overnight with lentiviral supernatants, and GFP+ clones were 
selected.  The RNAi sequence for SSTR2 was 5’-GTAGATG-
GCATCAATCAGT-3’, and the scrambled sequence was 
5’-TTCTCCGAACGTGTCACGTTT-3’.

Western blot analysis
ESCs were lysed and the total protein extracts were soni-
cated for 5 min and boiled at 95–100 °C for 5 min in sample 
buffer (50 mmol/L Tris-HCl, 2% w/v SDS, 10% glycerol, 1% 
β-mercaptoethanol, 0.01% bromophenol blue, pH 6.8).  To 
study the nuclear translocation of STAT3, nuclei and cyto-
plasm were separated using the Thermo NE-PER Nuclear and 
Cytoplasmic Extraction Kit according to the manufacturer’s 
instruction.  Cell lysates were separated in an SDS-PAGE gel 
and transferred to polyvinylidene difluoride membranes.  The 
membranes were first incubated with blocking buffer (TBS 
with 0.05% Tween 20, 10% non fat milk) for 1 h at room tem-
perature and then with antibodies against p-STAT3 (Tyr705) 
(CST, 9131S), STAT3 (CST, 4904), or GAPDH (CST, 2118) over-
night at 4 °C.  The membranes were washed thrice with TBST 
and incubated with proper HRP-conjugated secondary anti-
bodies for 1 h.  After washing, the blots were developed using 
Western Lightning Ultra (Perkin Elmer, Foster City, CA, USA) 
and visualized using the ChemiDocTM MP System.  

Statistical analysis
Values are reported as the mean±SEM.  Statistical significance 
(P value) was determined using the paired Student’s t-test.  
All graphs were plotted using the GraphPad Prism 5 software.

Results
The expression of SSTR2 is decreased in differentiated mESCs
To investigate the role of GPCRs in the maintenance of plu-
ripotency in mESCs, we analyzed the expression profiles of 
various GPCRs in E14 cells cultured in self-renewal (mES 
medium with LIF or mES medium without LIF but supple-
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mented with 2i) or differentiation (mES medium without LIF) 
conditions using a PCR array.  As shown in Figure 1A, com-
pared with E14 cells cultured in mES medium supplemented 
with LIF, cells cultured in LIF-deprived medium lost the 
typical compact colony morphology of mESCs on d 4.  Two 
small-molecule inhibitors (2i, CHIR99021 and PD0325901) 
could replace LIF and maintain the typical morphology of the 
mESCs.  Using PCR arrays, we found that some GPCRs that 
had been reported to be involved in stemness maintenance, 
such as the Wnt/Frizzled (FZDs)[10], were down-regulated in 
mESCs cultured in LIF-deprived medium and accompanied 
by a significant decrease in the typical pluripotency biomark-
ers, including Oct4, Sox2, Rex1, and Nanog.  Another GPCR, 
SSTR2, was also found to be significantly down-regulated after 
mESC differentiation (data not shown).  Because SSTR2 has 
never been reported to be involved in ESC self-renewal, we 
decided to further explore its function.  The PCR array result 
was confirmed by quantitative RT-PCR analysis, which also 
demonstrated a significantly reduced expression of SSTR2 in 
E14 cells cultured in LIF-deprived mES medium (Figure 1B).  
The RT-PCR results also confirmed the down-regulation of 
pluripotency genes, including Sox2, Nanog, and Rex1, after LIF 
deprivation (Figure 1B).  We then analyzed the protein level of 
SSTR2 in E14 cells cultured in various conditions.  As shown 
in Figure 1C, the protein level of SSTR2 was also reduced in 
cells cultured in the LIF-deprived medium, while 2i restored 
the SSTR2 protein level.  These data suggest that SSTR2 may 
play a role in the maintenance of pluripotency.

Activation of SSTR2 maintains mES cell self-renewal in the 
absence of LIF
SSTR2 is one of the five somatostatin receptors (SSTR1-5)[11].  
Various somatostatin analogues, such as octreotide and seglit-
ide[12], have been developed for clinical applications through 
specific activation of SSTR2.  To investigate the role of SSTR2 

in mESC self-renewal, we supplemented the LIF-free medium 
with various concentrations of octreotide or seglitide.  As 
shown in Figure 2A and 2B, both agonists displayed dose-
dependent promotion of mES cell self-renewal in the absence 
of LIF, with the most effective concentration being 1 μmol/L.  
In mES cell culture supplemented with 1 μmol/L octreotide, 
more than 80% of the colonies maintained the typical com-
pact morphology and strong AP staining, even when LIF was 
removed (Figure 2A and 2B).  RT-PCR revealed that octreotide 
nearly completely reversed the loss of pluripotency genes, 
including Oct4, Sox2, Nanog, and Rex1, that was induced by 
LIF withdrawal.  Octreotide also prevented the down-regu-
lation of SSTR2 that was induced by LIF deprivation (Figure 
2C).  Immunofluorescent staining confirmed that mESCs cul-
tured in octreotide-containing, LIF-free medium expressed 
high levels of pluripotency markers, including Oct4, Nanog, 
and SSEA1 (Figure 2D).  

To further confirm that the octreotide-promoted self-
renewal of mESCs was indeed via the activation of SSTR2 
signaling, a SSTR2 specific antagonist, Ac-4-NO2-Phe-c(o-
Cys-Tyr-D-Trp-Lys-Thr-Cys)-D-Tyr-NH2 (S4) was introduced 
into the culture system[13].  AP staining data showed that S4 
blocked the octreotide-induced self-renewal of mESCs in a 
dose-dependent manner (Figure 2E and 2F).  The percentage 
of undifferentiated colonies decreased with increasing doses 
of S4 (Figure 2F).  Taken together, these data suggest that acti-
vation of SSTR2 plays a positive role in maintaining the self-
renewal of mESCs.  

Knock-down of SSTR2 leads to loss of pluripotency in mESCs
To rule out the possibility of off-target effects by octreotide 
and S4, we examined the effect of SSTR2 knock-down in 
mESCs.  An shRNA-based technique was employed to spe-
cifically knock-down the SSTR2 gene in mESCs cultured 
in medium containing LIF.  Quantitative RT-PCR results 

Figure 1.  Reduced expression of SSTR2 in mESCs cultured in LIF-deprived medium.  (A) Morphology of E14 mouse ES cells cultured in basal mES 
medium (no LIF), or media supplemented with LIF (1000 U/mL) or 2i (1 μmol/L PD0325901 and 3 μmol/L CHIR99021) for 4 d (Scale bar: 50 μm).  (B) 
Quantitative RT-PCR analysis of pluripotency genes and SSTR2 in the E14 cells described in (A). (C) Western blot analysis of SSTR2 in mESCs cultured in 
basal mES medium (no LIF) or media supplemented with LIF or 2i.  The data are the mean±SEM (n=3).  bP<0.05, cP<0.01 vs the LIF(–) group.  
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Figure 2.  Activation of SSTR2 prevents mESC differentiation caused by LIF deprivation.  (A) Morphology and alkaline phosphatase (AP) staining of E14 
cells cultured in mES media containing LIF (1000 U/mL) or mES media without LIF but supplemented with 2i (1 μmol/L PD0325901 and 3 μmol/L 
CHIR99021) or the SSTR2 agonist octreotide (1 μmol/L) (Scale bar: 50 μm).  (B) The percent of undifferentiated colonies (according to AP staining 
and morphology) of E14 cells cultured in mES media containing LIF, 2i, octreotide or seglitide (SSTR2 agonist) at various concentrations for 3 d.  The 
data are the mean±SEM (n=3).  cP<0.01 vs LIF(–) group.  (C) Quantitative RT-PCR analysis of pluripotency genes and SSTR2 in cells corresponding to 
(A).  Data are the mean±SEM (n=3).  bP<0.05, cP<0.01 vs LIF(+) condition.  eP<0.05, fP<0.01 vs LIF(–) condition.  (D) Immunofluorescence staining 
of pluripotency markers (Oct4, Nanog, and SSEA1) in mESCs cultured in octreotide (1 μmol/L)-containing, LIF-free media.  (Scale bar: 10 μm).  (E) AP 
staining of E14 cells pre-incubated with various concentrations of the SSTR2 antagonist S4 for 24 h and then cultured in LIF-free media containing 
octreotide (1 μmol/L) (Scale bar: 50 μm).  (F) The percent of undifferentiated colonies (according to AP staining and morphology) of E14 cells cultured in 
the indicated media.  cP<0.01 vs LIF(–) condition.  fP<0.01 vs octreotide alone.
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revealed that, relative to the scrambled shRNA, the transfec-
tion of shRNA targeting SSTR2 led to a dramatic reduction 
of the SSTR2 mRNA in mESCs 24 h after transfection (Figure 
3A).  Knock-down of SSTR2 significantly decreased the ratio 
of undifferentiated E14 cells, even in the presence of LIF (Fig-
ure 3B).  Cells expressing SSTR2 shRNA displayed a lower 
expression level of pluripotency genes (Oct4, Sox2, Nanog, and 
Rex1) (Figure 3C) and showed weak or negative staining for 
AP and other pluripotent markers, including Oct4, Nanog, 
and SSEA1 (Figure 3D).  Adding LIF or the combination of LIF 
and octreotide did not rescue the spontaneous differentiation 
of these SSTR2 knock-down cells (Figure 3E), although the 
differentiation could be rescued by 2i (Figure 3B).  These data 
confirmed that SSTR2 contributes to mES cell self-renewal and 
that knock-down of SSTR2 leads to spontaneous differentia-
tion, even in the presence of LIF.  

SSTR2 contributes to self-renewal of mESCs via activation of 
STAT3
Activation of the JAK/STAT3 pathway is one of the major 

mechanisms by which LIF promotes the self-renewal of 
mESCs[4].  Our study demonstrated that octreotide and seg-
litide, two SSTR2 agonists, prevented the mESC differentia-
tion induced by LIF deprivation.  We wondered whether the 
activation of SSTR2 leads to phosphorylation and activation 
of STAT3.  Western blot analysis revealed that LIF (1000 U/
mL) induced a strong but transient phosphorylation of STAT3 
at residue Y705, and p-STAT peaked at 10 min after stimu-
lation.  In contrast, octreotide (1 μmol/L) induced a mild 
but relatively long-lasting phosphorylation of STAT3, and 
p-STAT peaked at 60 min after stimulation (Figure 4A, 4B).  As 
expected, the SSTR2 antagonist S4 blocked octreotide-induced 
STAT3 phosphorylation but did not affect LIF-mediated 
STAT3 phosphorylation (Figure 4A, 4B).  Nuclear transloca-
tion of STAT3 is another phenomenon indicating activation of 
the STAT3 pathway[14].  Indeed, immunofluorescent staining 
indicated that both LIF and octreotide induced the nuclear 
translocation of STAT3 in mESCs (Figure 4C, 4D).  Next, we 
measured the total STAT3 and phosphorylated STAT3 levels 
in the nuclei and cytoplasm of the mESCs.  As shown in Figure 

Figure 3.  Knock-down of SSTR2 induces mESC differentiation, even in the presence of LIF.  (A) Validation of the knock-down efficiency by shRNA 
targeting SSTR2 using quantitative RT-PCR.  (B) E14 cells (initial density of 10 000 cells/well in a 24-well plate) transfected with SSTR2 shRNA or 
scramble shRNA were cultured in mES media with or without LIF (1000 U/mL) or LIF-free mES medium supplemented with 2i for 3 d.  The percent 
of undifferentiated colonies was calculated at passages 1 and 2.  The data are the mean±SEM (n=3).  bP<0.05, cP<0.01 vs scramble shRNA.  (C) 
Quantitative RT-PCR analysis of pluripotency genes in mouse ES cells expressing SSTR3 shRNA or scramble shRNA cultured in mES media with LIF 
(passage 2).  The data are the mean±SEM (n=3).  bP<0.05, cP<0.01 vs scramble shRNA.  (D) AP and immunofluorescence staining of pluripotency 
markers (Oct4, Nanog, and SSEA1) of the cells described in (C).  (E) Morphology of E14 cells expressing the indicated shRNAs cultured in mES media 
supplemented with LIF and/or octreotide (1 μmol/L) (Scale bar: 50 μm).
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4E, stimulation with LIF or octreotide induced phosphoryla-
tion of STAT3 and promoted its nuclear translocation.  Oct4 
and GAPDH were used as markers of nuclear and cytoplasmic 

proteins, respectively.  Taken together, these data suggest that 
activation of SSTR2 may contribute to the pluripotency and 
self-renewal of mESCs via activation of the STAT3 pathway.  

Figure 4.  Activation of SSTR2 induces phosphorylation of STAT3.  (A, B) Representative Western blot and statistical analyses of STAT3 phosphorylation 
in E14 cells stimulated with LIF (1000 U/mL) (A) or octreotide (1 μmol/L) (B) for various durations.  The effect of S4 (1 μmol/L) on LIF- or octreotide-
induced phosphorylation was also tested.  The data are the mean±SEM (n=3).  bP<0.05, cP<0.01 vs control.  fP<0.01 vs cells treated with LIF or 
octreotide.  (C) Representative confocal images of immunofluorescent staining of STAT3 in E14 cells stimulated with LIF (1000 U/mL, 10 min) or 
octreotide (1 μmol/L, 1 h) (Scale bar: 10 μm).  (D) Statistical analysis of the percent nuclear localization of STAT3 presented in (C).  The data are 
the mean±SEM (n=10 cells).  cP<0.01 vs LIF(–) control.  (E) Western blot analysis of STAT3 phosphorylation in the nuclei and cytoplasm of mESCs 
stimulated with LIF (1000 U/mL, 10 min) or octreotide (1 μmol/L, 1 h).  Oct4 was used as a nuclear marker, and GAPDH was used as a cytoplasmic 
marker.
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Discussion
Somatostatin is a hormone produced by many tissues in the 
body but is predominantly found in the nervous and digestive 
systems.  It regulates a wide variety of physiological functions 
through inhibiting the secretion of other hormones, includ-
ing gastrin, secretin, and etc.  Somatostatin may also act as a 
neurotransmitter in the nervous system.  Somatostatin acts on 
multiple cell targets via its receptors, SSTR1–5.  Among them, 
SSTR2 is the best-studied mediator of the antiproliferative 
action of somatostatin and works as a tumor suppressor[15].  
SSTR2 also plays a key role in neurogenesis[9].  As with many 
GPCRs, SSTR2 exerts its functions through inhibiting adenyl-
ate cyclase, and this effect depends on Gαi[16, 17].  In addition, 
SSTR2 stimulates phospholipase C (PLC) and subsequent Ca2+ 
mobilization[18].  

Here, we report a novel function of SSTR2 in maintaining the 
pluripotency and self-renewal of mESCs.  We found decreased 
expression of SSTR2 in mESCs cultured in LIF-deprived condi-
tions.  Agonists of SSTR2 rescued the differentiation induced 
by LIF deprivation, while knock-down of SSTR2 led to differ-
entiation, even in the presence of LIF.  As a crucial supplement 
for mES cell culture[19], LIF mediates pluripotent signaling, 
which is initiated by dimerization of gp130 and LIFR upon 
LIF binding, activates JAK kinases and then phosphorylates 
STAT3[4].  Therefore, we wondered whether the activation of 
SSTR2 also leads to phosphorylation and activation of STAT3.  
We found that LIF induced a strong but transient phosphory-
lation of STAT3 at residue Y705, with p-STAT peaking at 10 
min after stimulation.  In contrast, octreotide induced a mild 
but relatively long-lasting phosphorylation of STAT3, with 
p-STAT peaking at 60 min after stimulation, which shows that 
activation of SSTR2 may contribute to pluripotency and self-
renewal of mESCs via activation of STAT3 over different time 
courses.

 GPCRs are integral plasma membrane proteins that trans-
duce signals from extracellular ligands to intracellular het-
erotrimeric G proteins[5].  These receptors are responsible for 
detecting a diversity of ligands and are involved in growth, 
death, movement, transcription and excitation[6].  GPCR 
pathways also play key roles in stem cell pluripotency and 
self-renewal.  Many of the pathways downstream of GPCRs 
directly regulate or are synergistic with pathways that are 
critical in regulating stem cell pluripotency.  For example, Gαs 
and Gαq activate Stat-3 signaling[20], signaling mediated by the 
Gαi subfamily of G proteins has been shown to affect the mor-
phology and organization of human iPSC colonies[21], and Gs 
signaling in self-renewing and differentiating mESCs promote 
proliferation and pluripotency[22].  The dramatically different 
expression levels of GPCRs between pluripotent stem cells 
and differentiated cells show the regulatory roles of GPCRs in 
pluripotency maintenance.  For example, more than 50 GPCRs 
were expressed exclusively in the human ESC (hESC) popula-
tion, while another 34 GPCRs were exclusively expressed in 
the differentiated neurons derived from the hESCs[23].  

In recent years, the roles of GPCRs in ES cell pluripotency 
have attracted great attention[10].  The functions of some 

GPCRs in embryonic stem cell self-renewal were identified.  
For example, the FZD signaling pathway has been identified 
to promote ESC self-renewal by regulating the expression of 
pluripotency factors[24].  The binding of Wnt to the FZD recep-
tor leads to the inhibition of glycogen synthase kinase 3 (GSK-
3), which, in turn, leads to the accumulation and nuclear trans-
location of β-catenin and up-regulated expression of pluripo-
tency factors[25].  FZD7, a receptor for Wnt, has been linked to 
the expression of Oct4 and Nanog, and knock-down of FZD7 
reduces the expression of Oct4 and Nanog and promotes dif-
ferentiation[26, 27].  The lysophospholipid receptor pathway also 
contributes to embryonic stem cell pluripotency.  In mESCs, 
lysophospholipid acid (LPA) increases the expression of plu-
ripotency genes and stimulates cell proliferation[28].  Like LPA, 
the sphingosine 1-phosphate (S1P) receptor pathway was 
shown to mediate the proliferation of mESCs through an S1P5-
Gi-Erk1/2-dependent pathway[29].  S1P also mediates hESC 
survival and regulates the maintenance of human ES cells in 
the presence of platelet-derived growth factor through Gi and 
Erk[30].  In addition, activation of the glutamate receptor mGlu5 
promotes mES self-renewal through interaction with a LIF-
signaling pathway[31, 32].  In this study, we found that SSTR2 
contributes to mES pluripotency and self-renewal through 
phosphorylation and activation of STAT3.  Our data reveal a 
novel function of SSTR2 in maintaining the pluripotency and 
self-renewal of mESCs.
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