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Abstract
Many studies from our laboratories and others have shown that STAT5 expression and activity are
increased during adipogenesis of murine and human adipocytes. Ectopic expression of STAT5A in
fibroblasts or preadipocytes can confer or enhance adipogenesis. To determine, if STAT5A also
plays a role in adipogenesis in vivo, we injected athymic mice with Swiss 3T3 cells expressing an
empty pBABE retrovirus, Swiss cells expressing a pBABE retrovirus containing STAT5A, or
3T3-F442A preadipocytes. Athymic mice injected with either 3T3-F442A cells or Swiss 3T3 cells
expressing STAT5A resulted in fat pad formation at the site of injection. However, mice injected
with Swiss cells containing the parent retroviral vector did not have any observable fat pads. An
analysis of the ectopic fat pads obtained from the Swiss 3T3 STAT5A mice revealed abundant
expression of PPARγ and adiponectin. The protein levels of both of these fat cell markers were
comparable to expression levels in epididymal fat pads. These results demonstrate that STAT5A
can promote adipogenesis in vivo in this model system which supports a role of this transcription
factor in adipocyte development in the whole animal.

Introduction
The first studies on STAT expression in 3T3-L1 cells revealed that STATs 1, 5A and 5B
were substantially induced during murine adipogenesis (1). Similar results were observed
during the in vitro differentiation of human preadipocytes (2). In addition, the ectopic
expression of C/EBPs β and δ in non-precursor cells results in an induction of adipogenesis
(3) that is accompanied by an induction in STAT5A and STAT5B protein levels (4). These
two STAT5 proteins are also coordinately regulated with both PPARγ and C/EBPα in
differentiating 3T3-L1 cells under a variety of different conditions (5). In 3T3-F442A
preadipocytes, the ability of growth hormone to modulate adipogenesis is attenuated by
STAT5 anti-sense oligonucleotides (6). Also, constitutively active STAT5 is capable of
replacing the requirement for growth hormone in adipogenesis of these cells (7). Ectopic
expression of STAT5A enhances adipogenesis in 3T3-L1 preadipocytes (8) and confers
adipocyte development in non-precursor fibroblast cell lines (9). The increased expression
of STAT5 proteins is not typically observed until after the induction of C/EBPα and PPARγ,
yet the activation of STAT5 proteins in preadipocytes occurs prior to the induction in
expression of PPARγ in 3T3-L1 cells (9). Both STAT5 proteins are tyrosine phosphorylated
and translocate to the nucleus within 15 minutes after the induction of adipogenesis (9, 10).
Transgenic deletion of STAT5A, STAT5B, or both STAT5 genes in mice resulted in
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significantly reduced fat pad sizes compared to wild-type mice (11). Coupled with the
variety of in vitro studies summarized above and observations that STAT5 null mice have
fat pads one-fifth normal size (11), the data suggest that STAT5 proteins are important
effectors of adipogenesis both in vitro and in vivo. To date, there are no studies on tissue
specific knockout of STAT5 genes in adipocytes and the phenotype of the STAT5 null mice
could be attributed to developmental effects of STAT5 that are independent of direct effects
on preadipocyte differentiation.

Over twenty-five years ago, Green and Kehinde demonstrated that subcutaneous injection of
3T3-F442A preadipocytes into athymic mice gave rise to fat pads at the site of injection
(12). It was shown that the implanted 3T3-F442A preadipocytes, rather than endogenous
preadipocytes, gave rise to these ectopic fat pads in athymic mice (13). The utility of the
athymic mice model system was used to study the role of STAT5A in adipogenic
development. Our previous studies have shown that fibroblasts which do not normally
differentiate into adipocytes can undergo adipogenesis in vitro if they ectopically express
STAT5A (9). Hence, we used these fibroblast cell lines in athymic mice as a model system
to evaluate if STAT5A could play a role in adipogenesis in the whole animal. Our studies
revealed both PPARγ and adiponectin are expressed in ectopic fat pads generated from 3T3-
F442A preadipocytes or from Swiss 3T3 cells expressing STAT5A. Although PPARγ
expression has been observed in ectopic fat pads in nude mice (14), to our knowledge this is
the first observation that adiponectin is expressed in ectopic adipose tissue generated from
preadipocytes in athymic mice. In summary, the data obtained in this specific model system
indicate that STAT5A plays a role in adipogenesis in vivo.

Materials and Methods
Materials

Dulbecco's Modified Eagle's Media (DMEM) was purchased from Life Technologies.
Bovine sera and other cell culture reagents were purchased from Sigma. Both the PPARγ
monoclonal (catalogue # sc-7273) antibody and the STAT 5A polyclonal (catalogue
#sc-1081) antibody were purchased from Santa Cruz. The ERK p44 antibody (catalogue
#sc-93) was a rabbit polyclonal from Santa Cruz. The adiponectin antibody (catalogue #
PA1-054) was a rabbit polyclonal obtained Thermo Scientific. HRP-conjugated secondary
antibodies were purchased from Jackson Immunoresearch. Enhanced chemiluminescence
(ECL) kit was purchased from Pierce. Nitrocellulose was purchased from BioRad.

Retroviral-mediated transfection in nonprecursor cells
Retroviral mediated stable expression of pBabe parental vector and pBabeSTAT5A was
generated in Swiss 3T3 cells. Recombinant retroviruses were produced as described (15,
16). Briefly, BOSC-23 packaging cells were transiently transfected with 20μg of each
retroviral construct. At 8 and 24 h after transfection, the media were changed to DMEM and
10% calf serum, and at 48 h, the virus-containing media were collected, filtered (0.45 μm),
and supplemented with 4 μg/ml polybrene. Target cells were incubated for 10 h with the
retrovirus-containing solution. Puromycin (2.5 μg/ml) selection was initiated at 48 h and
continued for 2 weeks and freezedown stocks were prepared and later used to generate the
cells used for these studies.

Injection of Athymic mice
Sub-confluent 3T3-F442A preadipocytes or Swiss 3T3 cells containing either a pBabe
parental vector or pBabeSTAT5A were trypsinized and resuspended in DMEM containing
10% fetal calf serum. Cells were centrifuged to remove trypsin and then resuspended in
DMEM. Approximately 55 day old Crl:NU/NU-nuBR athymic mice (Charles River
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Laboratories) were injected over the sternum with 3 × 107 cells using a 25 gauge needle.
Animals were housed in micro-isolator cages for 6 weeks before being sacrificed by CO2
inhalation followed by cervical dislocation.

Rodent Adipose Tissue Isolation
Animals were euthanized by cervical dislocation, and tissues were immediately removed
and frozen in liquid nitrogen. Frozen tissues were homogenized in a buffer containing 150
mM NaCl, 10 mM Tris, pH 7.4, 1mM EGTA, 1mM EDTA, 1% Triton-X 100, 0.5% Igepal
CA-630 (Nonidet P-40), 1 μM PMSF, 1 μM pepstatin, and 50 trypsin inhibitory milliunits of
aprotinin, 10 μM leupeptin, and 2 mM sodium vanadate. Homogenates were centrifuged for
10 minutes at 2,000 × g to remove any debris and insoluble material and then analyzed for
protein content. All animal studies were carried out with protocols which were reviewed and
approved by institutional animal care and use committees.

Gel Electrophoresis and Western Blot Analysis
Proteins were separated in 7.5% polyacrylamide (acrylamide from National Diagnostics)
gels containing sodium dodecyl sulfate (SDS) according to Laemmli (17) and transferred to
nitrocellulose membrane in 25 mM Tris, 192 mM glycine, and 20% methanol. Following
transfer, the membrane was blocked overnight in 4% milk at 4°C. Results were visualized
with horseradish peroxidase (HRP)-conjugated secondary antibodies and enhanced
chemiluminescence.

Results
The nude athymic mice are a suitable model system for studying the development of
preadipocytes in vivo because they lack T cells and do not reject foreign cells from mice or
other species. To determine the adipogenic potential of STAT5A in vivo, we generated non
precursor Swiss 3T3 cells that contained an empty retroviral vector or STAT5A. Our
previous studies had shown that ectopic expression of STAT5A in several fibroblast cell
lines confers their ability to differentiate into adipocytes (9). We prepared subconfluent non-
adipogeneic Swiss 3T3 cells that contained the parent retroviral vector and proadipogenic
Swiss 3T3 cells that contained STAT 5A to inject into athymic mice. As a positive control
for the formation of ectopic fat pads, we used 3T3-F442A preadipocytes. Six weeks after the
injection of cells, the mice were sacrificed. In two separate experiments, we observed that
athymic mice injected with either the 3T3-F442A cells or the Swiss 3T3 cells expressing
STAT5A resulted in the formation of a fat pad at the site of injection (see Table 1). Athymic
mice with and without ectopic fat pads are shown in Figure 1A. Of note, mice injected with
Swiss 3T3 cells with the empty retrovirus (our negative control) did not result in any ectopic
adipose tissue formation.

The ectopic fat pads were used for basic histological analysis and to prepare protein extracts.
The data in Figure 2 indicates that the ectopic fat pads from 3T3-F442A cells (panels A–C)
or Swiss 3T3 containing STAT 5A (panels D–F) are primarily composed of lipid containing
cells. Western blot analysis of the ectopic fat pads obtained from the mice injected with
either 3T3-F442A preadipocytes or Swiss 3T3-STAT5A cells revealed that these tissues
express specific fat cell markers, including PPARγ and adiponectin. As shown in Figure 3,
we analyzed three ectopic pads from mice injected with Swiss 3T3-STAT5A cells (lanes 1–
3) and five ectopic fat pads from athymic mice injected with 3T3-F442A preadipocytes
(lanes 4–8). Each of these lanes represents an ectopic fat pad from a different nude mouse
from our second experiment listed in Table I. The expression of adipocyte markers was
compared to epididymal fat pads obtained from these mice (lanes 9–12). As shown in Figure
3, PPARγ was expressed in two of the three fat pads generated from Swiss-3T3 STAT5A
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cells. In addition, these ectopic fat pads expressed adiponectin and showed increased levels
of STAT5A (lanes 1–3). As noted above, we did not observe the formation of any ectopic
fat pads in mice injected with Swiss-3T3 empty vector. Hence, there was no tissue to
analyze. The fat pads generated from 3T3-F442A cells had varying amount of PPARγ and
substantially lower levels of adiponectin (lanes 4–8) as compared to epididymal fat pads
(lanes 9–12) or ectopic fat pads generated from Swiss STAT5A cells. The protein levels of
the adipocyte markers that we examined in the epididymal fat pads of athymic mice were
equivalent to what we observed in epididymal fat pads isolated from wildtype C57 Bl/6
mice (data not shown). ERK p44 expression is shown to indicate equivalent loading of
protein samples.

Discussion
These studies demonstrate that ectopic STAT5A expression can confer the adipogenic
capabilities of Swiss 3T3 fibroblasts in athymic mice. A variety of in vitro studies have
indicated that STAT5A expression and/or activity is associated with murine (1, 4–10) and
human (2) adipogenesis in vitro. In addition, transgenic mice lacking either STAT5A or
STAT5B have reduced fat pad size, and mice lacking both STATs 5A and 5B have fat pads
one-fifth the size of normal (11). However, the observed difference in fat pad size in these
transgenic mice models could be an indirect result of alterations in growth or development
and do not specifically demonstrate a role of STAT5 protein in adipose tissue formation.
However, the athymic mice experiments described above indicates that STAT5A plays a
role in adipogenesis in vivo. To our knowledge, these are also the first studies to indicate
that ectopic fat pads express adiponectin. It should be noted that there is remote possibility
that the 3T3 F442As and Swiss 3T3 cells expressing STAT5A injected in these mice did not
undergo adipogenesis, but the resulting ectopic fad was formed by endogenous
preadipocytes whose adipogenesis was promoted by the injected cells. We do not think this
is a likely scenario, however, since ectopic fat pads were only found at the site of injection.
It should be noted that Swiss 3T3 fibroblasts are aneuploid immortalized cells and the role
of STAT5A in promoting adipogenesis in these cells may not be representative of normal
adipogenesis in vivo. An interesting and consistent observation in our studies was the
increased expression of adiponectin in ectopic fat pads generated from Swiss 3T3 STAT5A
containing cells as compared to 3T3-F442A cells. The relevance of this observation is not
clear and we are conducting studies to determine if STAT5A plays a direct role in the
modulation of adiponectin expression in adipocytes. In addition to demonstrating a direct
role of STAT5A in preadipocytes differentiation in vivo in this model system, these studies
also demonstrate the usefulness of athymic mice in studying the role of transcription factors
in adipose tissue development.
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Figure 1. Swiss 3T3 fibroblasts expressing STAT5A can result in the formation of ectopic fat
pads in athymic mice
Sub-confluent Swiss 3T3 cells containing either an empty vector (EV) or STAT5A were
trypsinized and resuspended in DMEM containing 10% fetal calf serum. Cells were
centrifuged to remove trypsin and then resuspended in DMEM. Approximately 55 day old
Crl:NU/NU-nuBR athymic mice were injected over the sternum with 3 × 107 cells. Animals
were housed in micro-isolator cages for 6 weeks before being sacrificed by CO2 inhalation
followed by cervical dislocation. The left hand panel shows mice 6 weeks after injection.
The site of injection is indicated by the arrow. No ectopic fat pads were observed in mice
injected with Swiss 3T3 cells containing empty vector (EV). Whenever an ectopic fat pad
was present, it was found at the site of injection in mice injected with Swiss 3T3 cells
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containing STAT5A or 3T3-F442A cells. The panel on the right shows a visible ectopic fat
pad in a mouse injected with STAT5A containing Swiss 3T3 cells.

Stewart et al. Page 7

Obesity (Silver Spring). Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Morphology of ectopic fats produced in athymic mice
Ectopic fat pads were removed from athymic mice for histological analysis. Ectopic fat pads
were generated as described in the legend for Figure 1. A small portion of each pad was cut
off with a razor blade and the fat pad section was fixed in formalin, embedded in paraffin,
and sections were stained with hematoxylin and eosin. Panels A–C are fat pads generated
from mice injected with 3T3-F442A cells and panels D–F represent ectopic fat pads
obtained from mice injected with Swiss 3T3 cells containing STAT5A. The size bar in
panels A and D is 50 um. No ectopic fat pads were produced in mice injected with Swiss
3T3 cells containing empty vector.
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Figure 3. Ectopic fat pads express adipose tissue markers
Epididymal and ectopic fat pads found at the site of injection were rapidly excised from
athymic mice. The tissues were immediately frozen in liquid nitrogen and the tissues were
stored at −80°C. Whole tissue extracts were isolated and one hundred and fifty μg of each
extract was separated by SDS-PAGE, transferred to nitrocellulose, and subjected to Western
Blot analysis. The detection system was HRP conjugated secondary antibodies and
enhanced chemiluminescence.
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Table I

Cell Type Swiss 3T3 Empty Vector Swiss 3T3 STAT5A 3T3-F442A

Experiment #1
# of animals injected 5 5 5

# ectopic fat pads 0 3 3

Experiment #2
# of animals injected 5 5 5

# ectopic fat pads 0 3 5
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