
 

 

Introduction 
 
Members of the IL-6 family of cytokines com-
monly share the gp130 receptor to activate sev-
eral downstream signaling pathways, including 
STAT3 which binds to four YXXQ motifs [1, 2]. 
Notably, gp130-deficient mice die perinatally 
between E12.5 and term and the mutant em-
bryos have reduced numbers of multipotent and 
committed hematopoietic progenitors in the 
liver [3]. Since serial transplant ability can be 
potentiated by IL-11 treatment [4] or transduc-
tion with an IL-11 overexpressing retrovirus [5] 
and gp130-mediated activation has been suffi-
cient to minimally expand HSCs in culture [6], it 
has been considered likely that a threshold of 
gp130/STAT3-dependent signaling is important 
for hematopoiesis [7, 8]. 
 
The potential for secondary effects has limited 

the analysis of hematopoietic stem cells (HSCs) 
in gp130Δ/Δ mice that lack hyperproliferation 
phenotypes [9]. Dominant-negative inhibition of 
STAT3 has been reported to suppress HSC re-
population from limiting numbers of HSCs [10, 
11]. Tie2-Cre conditional knockout mice for 
gp130 have recently provided evidence for en-
dothelial cell-mediated extrinsic effects but not 
for an intrinsic role for gp130 in HSC function 
[12]. However these studies did not include 
competitive repopulation which might address 
HSC function under conditions of stress. There-
fore, we have used the gp130FXXQ/FXXQ mutant 
mouse [13], which expresses a mutant human 
gp130 receptor that loses both STAT1/3 bind-
ing sites but retains SOCS binding sites and has 
no associated hyperproliferation or autoimmune 
phenotypes. These studies set out to determine 
whether the collective loss of both STAT1 and 
STAT3 binding would impair HSC function. 

Am J Stem Cell 2012;1(2):146-153 
www.AJSC.us /ISSN: 2160-4150/AJSC1204002 
 

Original Article  
Mutation of STAT1/3 binding sites in gp130FXXQ knock-in 
mice does not alter hematopoietic stem cell repopulation 
or self-renewal potential 
 
Zhengqi Wang1, Zizhen Kang2, Yi Zhang3, William Tse4, Kevin D Bunting1 

 
1Aflac Cancer Center and Blood Disorders of Children’s Healthcare of Atlanta and Emory University Department of 
Pediatrics, Atlanta, GA; 2Department of Immunology, Cleveland Clinic, Cleveland, OH; 3Department of Biology, Insti-
tute of Basic Medical Sciences, Beijing, China; 4Mary Babb Randolph Cancer Center, Department of Medicine, West 
Virginia University Health Science Center, Morgantown, WV 
 
Received April 30, 2012; accepted May 15, 2012; Epub May 18, 2012; Published June 30, 2012 
 
Abstract: Interleukin (IL)-6 family cytokine signaling through gp130 and signal transducer and activator of transcrip-
tion (STAT) activation is believed important for early hematopoiesis. To determine whether gp130/STAT1/3 physical 
interaction is required, we compared hematopoietic repopulating activities of embryonic day (E)14.5 fetal liver cells 
from gp130FXXQ/FXXQ knock-in mice, which have four mutated STAT1/3 binding sites. In hematopoietic cells, failure to 
tyrosine phosphorylate STAT3 by gp130 did not cause any significant effects on myeloid progenitor colony forming 
units (CFU) in vitro and or on competitive multilineage hematopoietic reconstitution. Serial transplantation of fetal 
liver (FL) cells was unaffected throughout primary, secondary, and tertiary transplants indicating normal self-renewal 
capacity. Even gp130FXXQ/FXXQ on the background of STAT5 deficiency, with known hematopoietic stem cell (HSC) re-
populating dysfunction, did not further impair HSCs beyond that of STAT5 alone. Overall, the defective gp130-
mediated STAT1/3 signaling is surprisingly dispensable for HSC function. However, since these mice lack both 
STAT1/3 binding sites there are several possible explanations for this result and these are discussed.  
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Materials and methods 
 
Fetal liver (FL) cell collection and Western blot 
analysis 
 
gp130FXXQ/FXXQ and gp130FXXQ/FXXQSTAT5abΔN/ΔN 
mice were generated by heterozygote crosses 
and PCR genotyping. E14.5 FL cells were col-
lected as previously described from STAT5abΔN/

ΔN mice [14] and then stimulated with or without 
50 ng/mL IL-6 for either 30 min. Western blot 
analysis was carried out as described [15]. 
 
FL cell transplantation and serial bone marrow 
transplants 
 
FL cells were injected via the lateral tail-vein 
into lethally-irradiated primary recipients (1100 
rads) either alone (non-competitive) or mixed 
1:1 with CD45.1 FL cells (competitive) as de-
scribed [14]. For non-competitive FL trans-
plants, bone marrow was harvested from both 
hind limbs (tibias and femurs) of primary recipi-
ents and serially transplanted using at least 5 x 
106 bone marrow cells (1 donor per 5 recipi-
ents). For limiting dilution competitive assays, 
FL cells were mixed with a radioprotective dose 
of 2×105 CD45.1 adult BM cells and injected 
via the lateral tail-vein into lethally-irradiated 
(1100 rads) adult Boy J mice. 
 
Results 
 
Loss of gp130-mediated STAT3 activation does 
not impair HSC multilineage repopulation or self
-renewal 
 
To confirm that gp130FXXQ/FXXQ mutant mice, in 
which Tyr-767, -814, -905, and -915 
(corresponding to YXXQ motifs) were replaced 
by phenylalanines, lack gp130-mediated STAT3 
activation, we performed Western analysis fol-
lowing IL-6 treatment for 30 min. Figure 1A 
shows that there was no induction of phospho-
STAT3 at Tyr-705 in gp130FXXQ/FXXQ FL cells, but 
progressively increased phospho-STAT3 in 
gp130+/FXXQ FL and gp130+/+ FL cells. A similar 
result was also obtained when cells were 
treated with IL-6 for 4 hours (data not shown).  
 
To perform competitive transplantation studies 
to assess the role of gp130-mediated STAT3 
activation in HSC function, E14.5 embryos FL 
cells were harvested and genotyped. Competi-
tive FL transplantations were done to determine 
whether a difference in relative stem cell activity 

could be observed between gp130FXXQ/FXXQ com-
pared to its littermate control gp130+/+ FL cells. 
For these experiments, FL cells from either 
E14.5 gp130+/+ or gp130FXXQ/FXXQ embryos 
(CD45.2) were competed at a 1:1 ratio with a 
common pool of competitive E14.5 FL cells 
(CD45.1), and transplanted into lethally-
irradiated (1100 rads) Boy J recipient mice 
(CD45.1 congenic). Peripheral blood chimerism 
was evaluated by flow cytometry. At 16 weeks 
after transplantation, secondary competitive 
repopulation experiments were then set up us-
ing BM cells collected from all gp130+/+ vs. Boy 
J or gp130FXXQ/FXXQ vs. Boy J chimeric primary 
recipients that had received transplants at a 
one donor to five recipient ratio. Two independ-
ent competitive repopulation experiments and 
their secondary transplantations were con-
ducted with 5 recipients per cell group. Figure 
1B shows the mean donor engraftment in cells 
expressing Gr-1, B220, Ter119 and CD4 mark-
ers from a representative experiment at 4 
months following secondary transplantation. 
Almost identical results were obtained from the 
primary competitive transplantation (data not 
shown). These results showed no obvious de-
fects in relative stem cell repopulating activity 
between gp130FXXQ/FXXQ FL cell and its littermate 
control. We also performed non-competitive 
transplantation using gp130FXXQ/FXXQ and its con-
trol gp130+/+ FL cells for 4 separate experi-
ments (primary and secondary transplants) us-
ing 5 mice per group. Tertiary BM transplanta-
tion for one experiment assessed self-renewal 
and as shown in Figure 1C, there was no differ-
ence in serial transplant ability.  
 
Normal HSC frequency at limiting dilution and 
no cooperation with STAT5 deficiency in HSC 
activity 
 
To measure the frequency of competitive re-
populating units (CRU) in the gp130FXXQ/FXXQ and 
gp130+/+ FL cells, 100,000, 20,000, and 4000 
FL testing cells (CD45.2) were intravenously 
injected into lethally-irradiated adult Boy J mice 
along with 2x105 radioprotective Boy J BM 
(CD45.1) cells. Donor contribution from test 
cells was determined by flow cytometry analysis 
of peripheral blood of transplanted mice 16 
weeks after transplantation. Mice with at least 
1% test cells positive for lymphoid (B220 or CD4 
positive) and myeloid (Gr-1 or Ter119 positive) 
lineages were scored as positive while the other 
were considered as negative. The cell dose at 
which 37% of mice tested were negative for 
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donor multilineage engraftment at 16 weeks 
was used to calculate the frequency of CRU 
based on Poisson statistics using L-Calc soft-
ware (StemCell Technologies). The frequency of 
CRU for the gp130FXXQ/FXXQ FL cells (number of 
positive mice/injected mice at each dose: 5/5, 
5/5, 1/5) was 1 in 7196 while the frequency of 
CRU for its control gp130+/+ (5/5, 5/5, 1/4) was 
1 in 8219. Furthermore, we crossed gp130+/FXXQ 

mice with STAT5-deficient mice which already 
have severe HSC repopulation defects [14]. 
Colony forming unit assay was performed using 
STAT5ab+/+gp130+/+, STAT5ab+/+gp130FXXQ/FXXQ, 
STAT5abΔN/ΔNgp130+/+, and STAT5abΔN/

ΔNgp130FXXQ/FXXQ FL cells stimulated with hema-
topoietic cytokines in vitro. As shown in Figure 
2A, there was no significant difference in total 
myeloid progenitors per FL between gp130FXXQ/

Figure 1. Effect of gp130FXXQ/FXXQ mutations on STAT3 activation, HSC multilineage repopulation, and self-renewal. (A) 
Western blot analysis for phospho-STAT3 and STAT3. FL was harvested from E14.5 embryos of the indicated geno-
types, starved for four hours in PBS with 2% FBS, and stimulated with or without 50 ng/ml IL-6 for 30 min. 20 μg of 
total protein was separated by SDS-PAGE and transferred to PDVF membrane. Phospho-STAT3 and STAT3 were de-
tected by antibodies from Cell Signaling Technology. (B) A representative secondary competitive repopulation assay 
between gp130FXXQ/FXXQ and gp130+/+ FL grafts. FL cells were obtained from E14.5 fetuses from mating of gp130+/

FXXQ (CD45.2) or wild type Boy J mice (CD45.1), genotyped by PCR, and then either gp130FXXQ/FXXQ or gp130+/+ cells 
were mixed with wild type Boy J FL cells at a 1:1 ratio. The cells were transplanted into lethally-irradiated adult Boy J 
recipient mice and analyzed 12-16 weeks later for the relative contribution of donor engraftment. Secondary competi-
tive repopulation experiments were then set up using BM cells from primary recipients and transplanted into lethally-
irradiated Boy J mice at one donor to five recipient mice, and analyzed 12-16 weeks later for CD45.2 cells co-staining 
for GR-1, B220, Ter119 or CD4. (C) Primary, secondary and tertiary FL repopulation assay between gp130FXXQ/FXXQ 
and gp130+/+ grafts. FL cells with either gp130FXXQ/FXXQ or gp130+/+ genotypes were transplanted into lethally-
irradiated adult Boy J recipient mice and analyzed 12-16 weeks later for relative contribution of donor engraftment in 
each lineage. Secondary or tertiary transplantation were carried out using BM cells from primary or secondary recipi-
ent mice and then transplanted into lethally-irradiated Boy J mice respectively. 
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FXXQ and gp130+/+ (t-test, P=0.14) or between 
STAT5abΔN/ΔNgp130+/+ and STAT5abΔN/

ΔNgp130FXXQ/FXXQ (t-test, P=0.46), whereas there 
was a significant decrease for the total myeloid 
progenitors per FL with the STAT5abΔN/ΔN geno-
type (t-test, P=0.02). We further carried out 
transplantation experiments using STAT5ab+/

+ gp130 + / + ,  STAT5ab + / + gp130 F X X Q / F X X Q , 
STAT5abΔN/ΔNgp130+/+, and STAT5abΔN/

ΔNgp130FXXQ/FXXQ E14.5 FL and transplanted into 
lethally-irradiated adult Boy J mice (Figure 2B, 
one representative experiment of 2 independ-
ent experiments using 5-10 mice per group). 
Analysis 16 weeks later showed similar levels of 
engraftment for all genotypes with only a mod-
est decline in STAT5abΔN/ΔNgp130FXXQ/FXXQ T-cells 
relative to STAT5abΔN/ΔNgp130+/+ (t-test, 
P=0.04).  
 
Discussion 
 
We report that gp130 mediated STAT1/3 activa-
tion is dispensable in HSC expressing 
gp130FXXQ/FXXQ. Loss of gp130-mediated 

STAT1/STAT3 activation in these knock-in mice 
does not impact upon murine HSC multi-lineage 
competitive repopulation or self-renewal, even 
following tertiary bone marrow transplantation. 
Furthermore, the frequency of HSC in 
gp130FXXQ/FXXQ mice appears to be normal 
when compared to control mice by limiting dilu-
tion transplantation assay. STAT5-deficient mice 
have severe defects both in colony forming unit 
assay as well as HSC competitive repopulation 
No additional defects were observed at the level 
of the colony forming unit in culture (CFU-C) as-
say or fetal liver competitive repopulation ability 
when gp130FXXQ/FXXQ were crossed with 
STAT5-deficient mice. Collectively, these find-
ings indicate that gp130 mediated STAT1/3 
activation is not essential in normal hematopoi-
esis. 
 
Gp130 is a ubiquitously expressed, shared sig-
nal transducing receptor that forms part of the 
receptor complex for several cytokines including 
IL-6, IL-11, IL-27, leukemia inhibitory factor 
(LIF), oncostatin M, ciliary neurotrophic factor, 

Figure 2. Cross of gp130FXXQ/FXXQ mutations onto a STAT5-deficient background and analysis of CFU and HSC activity 
from FL cells. (A). Colony-forming ability of STAT5ab (abbreviated as S for the figure) S+/+gp130+/+, S+/+gp130FXXQ/FXXQ, 
SΔN/ΔNgp130+/+, and SΔN/ΔNgp130FXXQ/FXXQ FL cells stimulated with hematopoietic cytokines in vitro. The frequency of 
CFU-Cs assayed in methylcellulose was multiplied by the total FL cellularity to derive the absolute number of FL CFU-
Cs per FL. (B). A representative secondary transplantation for the repopulation assay among S+/+gp130+/+, S+/

+gp130FXXQ/FXXQ, SΔN/ΔNgp130+/+, and SΔN/ΔNgp130FXXQ/FXXQ FL cells. FL cells with the above four genotypes were trans-
planted into lethally-irradiated adult Boy J recipient mice at the ratio of one donor to five recipients and analyzed 12-
16 weeks later for relative contribution of donor engraftment in each lineage. Secondary transplantation was carried 
out using BM cells from primary recipient mice, transplanted into lethally-irradiated Boy J mice and analyzed for the 
donor contribution in each lineage. Results are presented as the mean ± SD (n=5-10 mice per transplant). 
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cardiotrophin 1 and cardiotrophin-like cytokine. 
Gp130 is present on hematopoietic and non-
hematopoietic cells. As the gp130 subunit is 
shared by multiple cytokines, functional of re-
dundancy of cytokine activities occurs. The IL-6 
family of cytokines can activate STAT family pro-
teins especially STAT3 and STAT1 depending on 
the phosphorylated YXXQ motif on four distinct 
tyrosines (Y767, Y814, Y905, Y915 in human or 
Y765, Y812, Y904, Y914 in mouse) of gp130 or 
activate SHP-2/ERK MAPK pathway depending 
on the phosphorylated YXXV motif on a single of 
tyrosine (Y759 in human or Y757 in mouse) of 
gp130. In the gp130FXXQ/FXXQ knock-in 
mouse model we have used, all four YXXQ mo-
tifs were mutated into FXXQ. Therefore, these 
mutations prevent IL-6 family cytokines medi-
ated STAT1/3 activation. Our results indicate 
that gp130-dependent STAT1/3 activation is 
dispensable in HSC repopulation and self-
renewal. This was initially unexpected as either 
gp130 or STAT3 can play an important role in 
HSC function. Gp130-deficient mice are embry-
onic lethal and the mutant embryos have greatly 
reduced numbers of pluripotent and committed 
hematopoietic progenitors in the liver and differ-
entiated T and erythroid lineages [3]. Condi-
tional deletion of gp130 by flanking the exon 16 
encoding the transmembrane region of gp130 
with two LoxP site induced with the interferon 
inducible Mx-Cre system shows that the number 
of hematopoietic precursors was reduced by 
40% in the bone marrow and that a defect in re-
synthesis of erythrocytes and thrombocytes fol-
lowing treatment with 5-FU [16]. Since Mx1-Cre 
induced deletion mainly occurred in hematopoi-
etic stem cells, endothelial cells and liver cells, 
mice with a specific deletion in endothelial cells 
were also analyzed [12]. Interestingly enough, 
these mice were normal at birth and did not 
display deficiency in hematopoiesis. However, 
the mice did develop bone marrow dysfunction 
that was accompanied by splenomegaly caused 
by extramedullary hematopoiesis. Transplanting 
wild-type bone marrow cells into irradiated 
gp130-deficient mice did not rescue the hema-
topoietic defects indicating that gp130 expres-
sion in the bone marrow microenvironment 
makes an important contribution to hematopoi-
esis [12].  
 
Although prior studies indicate that gp130 may 
be involved in hematopoiesis, none of them 
actually checked the competitive repopulation 
activity of gp130 deleted mice. Mouse models 

with mutations of intracellular domain of gp130 
were generated to better decipher the distinct 
functions of SHP-2/ERK and STAT1/3 pathways 
which could be downstream of gp130 signaling 
[17, 13, 18]. Transgenic mice with an Y759 mu-
tation (gp130F759) which lack the SHP-2 and 
SOCS3 binding site have exaggerated gp130 
mediated STAT1/3 signaling [13]. On the other 
hand, a gp130 knock-in mouse containing a 
COOH-terminal truncation mutation in gp130 
(gp130ΔSTAT or gp130Δ) was generated by 
introducing the Y765F, Q768A and V769stop 
substitution at first YXXQ motif. Therefore the 
mice with all STAT binding sites deleted have an 
increase in the activation of the SHP-2/ERK 
pathway [17]. Studies based gp130Δ/Δ sug-
gested that gp130-mediated STAT1/3 activa-
tion is required to maintain the normal balance 
of hematopoietic progenitors during fetal and 
adult hematopoiesis [9]. However, in our stud-
ies, gp130FXXQ/FXXQ mice [13], initially gener-
ated by Hirano, replacement of the last four 
tyrosines by phenylalanine (gp130FXXQ mu-
tants) did not disturb other regions of gp130 
that may contain putative binding sites for posi-
tive or negative regulators. Since the gp130 
COOH-terminus remains intact rather than trun-
cated as in the gp130Δ/Δ mice, we feel that 
this represents a cleaner system for STAT1/3 
analysis. gp130FXXQ/FXXQ mice have a pheno-
type similar to gp130 complete knockout mice 
which are perinatal lethal while adult gp130Δ/Δ 
mice are clearly viable. Here we show that 
gp130FXXQ does not have defects in competi-
tive repopulation and self-renewal of fetal liver 
HSC which is consistent with the previous find-
ing that gp130 deletion had no intrinsic effects 
on hematopoiesis [12]. 
 
Gp130FXXQ disrupts the binding of STAT1/3 to 
gp130 receptor and prevents IL-6 family cyto-
kine-mediated STAT1/3 activation. Murine em-
bryonic stem cells require leukemia inhibitory 
factor for self-renewal. LIF belongs to the IL-6 
family of cytokines. Targeted mutagenesis of 
STAT3 in ES cells demonstrated that a minimal 
dose of STAT3 is required for ES cell propaga-
tion and pluripotency [19] and that a dominant 
interfering mutant STAT3F specifically abro-
gated self-renewal and promoted differentiation 
[20]. Ablation of STAT3 produced early embry-
onic lethality [21]. Tissue specific disruption of 
STAT3 in bone marrow cells caused gradual 
lethality after birth and resulted in abnormalities 
in myeloid cells [22]. Overexpression of a domi-
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nant negative form of STAT3 selectively impairs 
hematopoietic stem cell activity and transduc-
tion of adult mouse bone marrow cells with a 
constitutively activated form of STAT3 promoted 
HSC self-renewal under stimulated conditions 
[11, 10]. These studies suggest that STAT3 
plays an important positive role in HSC function. 
One possible explanation to explain our results 
is that STAT3 may be activated by non-gp130 
receptors and possibly Src through receptor 
tyrosine kinases. Therefore, even gp130 only 
mediated STAT3 activation is disrupted in 
gp130FXXQ mice, other pathways may utilize 
STAT3 more fully in HSC. The other possibility is 
that a negative function of STAT1 could exactly 
counteract that of STAT3, although there is no 
direct evidence to support this hypothesis. In 
gp130Y757F mice, hyperactivation of STAT1/3 
results in hematopoietic proliferation and ex-
pansion in a STAT3-dependent manner, not re-
quiring activation of STAT1 [8]. The comparison 
of the gene expression profiles from mouse em-
bryonic, neural and HSC reveals that STAT3/4/6 
is predominant in HSC but not STAT1 [23]. Al-
though it has been reported that deletion of 
STAT1 resulted in overall reduction of erythroid 
progenitors and altered their distribution [24], 
the role of STAT1 in HSC self-renewal is still not 
clear. Most recently, it has been shown that 
type I interferon can act directly on HSCs to exit 
quiescent G0 and induce proliferation and ex-
haustion in HSCs. This effect is mediated 

through STAT1 or interferon receptor [25, 26]. 
Interferon-γ also can induce expansion of KLS 
cells and this process was dependent on 
IFNγR1 signaling and the STAT1 pathway [27]. 
Mice lacking the IFN-inducible immunity-related 
p47 GTPase Irgm1 have hyperproliferation, self-
renewal, and autophagy defects. Interestingly, 
these defects can be rescued in irgm1-/-STAT1-/- 
double-knockout mice [28]. All these studies 
indicate that STAT1 deficiency can prevent the 
adverse effect on HSCs from interferon but 
none of them show deficiency of STAT1 would 
improve competitive repopulation in the steady 
state. Further studies are needed to determine 
whether gp130-mediated positive signals from 
STAT3 are precisely counterbalanced by nega-
tive signals from STAT1. 
 
Our study emphasizes the complexity of pertur-
bations to JAK/STAT signaling pathways associ-
ated with deletion of shared binding sites 
(Figure 3). Furthermore, deletion of STATs in 
general can be accompanied by alternative 
STAT activation to compensate or lead to a gain 
of a new function [29]. We also cannot rule out 
that under conditions of stress such as inflam-
mation (IFN or IL-6 stimulation) a difference 
might exist between STAT1 and STAT3 function 
in this model. In summary, we reported that 
STAT1/3 activation through gp130 is dispensa-
ble in murine HSC competitive repopulation and 
self-renewal. Further studies are still needed to 

Figure 3. Gp130 mediated IL-6 family of cytokines signaling pathway. (Left) In the wild type gp130 mouse, IL-6 family 
of cytokines can activate STAT family proteins especially STAT3 and STAT1 depending on the YXXQ phosphorylation 
motif on four distinct tyrosines of gp130 or they can activate the SHP-2/ERK MAPK pathway depending on the YXXV 
phosphorylation motif on Y759 . (Right) In gp130FXXQ knockin mouse, tyrosines at the 767, 814, 905, and 915 
YXXQ motifs was blocked by phenylalanine replacement thus preventing STAT family binding to gp130. Therefore, 
gp130FXXQ mice have lost gp130-mediated STAT1/3 activation. There are three possible explanations: (1) STAT3 is 
still activated in HSC via non-receptor tyrosine kinase (2) Function of STAT3 is perfectly counterbalanced by STAT1. 
(3) Function of STAT3 is exactly counterbalanced by unknown effectors that also dock with gp130FXXQ. 
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further clarify whether STAT1 plays a role in HSC 
self-renewal and whether non-gp130 receptors 
can activate STAT3 and compensate for loss of 
gp130 mediated STAT3 function.  
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