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targeting SREBP1 and lipogenesis
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The aberrantly increased lipogenesis is a universal metabolic feature of proliferating tumor cells. Although most normal
cells acquire the bulk of their fatty acids from circulation, tumor cells synthesize more than 90% of required lipids de
novo. The sterol regulatory element-binding protein 1 (SREBP1), encoded by SREBF1 gene, is a master regulator of
lipogenic gene expression. SREBP1 and its target genes are overexpressed in a variety of cancers; however, the role
of SREBP1 in endometrial cancer is largely unknown. We have screened a cohort of endometrial cancer (EC) specimen
for their lipogenic gene expression and observed a significant increase of SREBP1 target gene expression in cancer
cells compared with normal endometrium. By using immunohistochemical staining, we confirmed SREBP1 protein
overexpression and demonstrated increased nuclear distribution of SREBP1 in EC. In addition, we found that knockdown
of SREBP1 expression in EC cells suppressed cell growth, reduced colonigenic capacity and slowed tumor growth in vivo.
Furthermore, we observed that knockdown of SREBP1 induced significant cell death in cultured EC cells. Taken together,
our results show that SREBP1 is essential for EC cell growth both in vitro and in vivo, suggesting that SREBP1 activity may

be a novel therapeutic target for endometrial cancers.

Introduction

The number of women with newly diagnosed endometrial cancer
(EC) has increased 20% since 1987, yet the number of deaths
from EC posted a 168% increase during the same time period.
Estimated new cases and deaths from EC in the United States
in 2011 are 46,470 and 8,120, respectively (www.cancer.gov/
cancertopics/types/endometrial). Although well-differentiated
endometrial cancers have a favorable outcome, the poorly dif-
ferentiated form has a worse prognosis, largely due to lack of bio-
markers and therapeutic targets to predict and to restrict cancer
progression. Therefore, identifying new bio-markers and thera-
peutic targets may provide novel approaches that can improve the
clinical outcome of endometrial cancer.

Sterol regulatory element binding proteins (SREBPs) are
a family of transcription factors that regulate lipid homeosta-
sis by controlling the expression of the key and rate-limiting
enzymes required for cholesterol and fatty acid (FA) synthesis. In

mammals, SREBPs are composed of three isoforms: SREBP1a,
SREBPIc and SRBEP2. SREBP1a and SREBPIc, encoded by
a single gene SREBFI with alternative promoter usage, mainly
control lipogenic gene expression, while SREBP2, encoded by a
separate gene SREBF2, predominantly regulates cholesterogenic
gene expression.? As transcription factors, SREBPs are unique
in that they are synthesized as inactive precursors bound to the
endoplasmic reticulum (ER) membranes, and their processing
is mainly controlled by the intracellular sterol content. When
sterol level decreases, the SREBP precursors are transported to
Golgi apparatus, where they undergo a sequential two-step cleav-
age process. As a result, the NH -terminal active domain, also
known as the mature SREBP, is released and translocated into
the nucleus (designated nSREBP), which then activates SREBP
target genes to increase the biosynthesis of cholesterol and FAs.
In contrast, when the intracellular sterol level is high, the SREBP
precursors will remain in the ER. This model provides an elegant
explanation of how intracellular sterol and FA homeostasis is
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maintained.”” The unique regulation and activation properties
of each SREBP isoform facilitate the coordinated regulation of
lipid metabolism.

Lipogenesis is almost universally upregulated in human can-
cers.! Consistent with an essential role of SREBP1 in sensing
and regulating intracellular lipid homeostasis, increased expres-
sion of SREBP1 has been detected in colorectal carcinoma,

114 Moreover,

breast and prostate cancer and hepatocarcinoma.
elevated expression of SREBP1 is closely correlated with malig-
nant transformation, cancer progression and metastasis for sev-
eral cancer types, particularly hormone-responsive tissue-derived
cancers, such as breast and prostate cancers.'>'>">!¢ For example,
SREBP1 expression correlates with FASN and K-67 expression
in colorectal cancer, indicating a role for SREBP1 in support-
ing rapid cellular proliferation.'® SREBPI is elevated in clinical
prostate cancer samples compared with benign prostatic hyper-
trophy.”? Gene expression profiling of hepatocellular carcinoma
(HCCQ) tissue and non-cancerous liver tissue showed increased
lipogenic signaling in HCC. Elevated SREBP1 expression in
hepatocellular carcinoma is a known predictor of increased mor-
tality.'>" Overexpression of SREBP1 in human hepatoma HuH7
and Hep3B cells enhanced cellular proliferation and foci forma-
tion, while knockdown of SREBPI1 in these cells reduced cell
replication and anchorage-independent cell growth.” A dramatic
increase of SREBP1 has been correlated with the progression of
prostate cancer toward androgen-independence.”? Oncogenic
transformation of normal breast epithelial cells was accompanied
by increased SREBP1 and FASN expression, consistent with the
observation of increased SREBP1 abundance in human breast
cancers.”" Previous studies have established that SREBPI,
through induction of FASN and subsequent fatty acids produc-
tion, regulates PPARY transactivation.??

Although lipogenesis is known to be elevated in EC cells,
the role of SREBP1 in endometrial cancer remains largely
unclear. Herein, we report that the nuclear SREBP1 is signifi-
cantly increased in endometrial cancer, and the expression levels
are positively correlated with cancer progression. Importantly,
knockdown of endogenous SREBP1 not only reduced SREBP1
target gene expression, but also suppressed cellular proliferation
and colony formation of endometrial cancer cells. Furthermore,
a xenograft tumor model clearly demonstrated that reduction of
SREBP1 expression reduced tumor growth rate. These observa-
tions indicate that SREBPI is required for endometrial cancer
cell proliferation and cancer progression, supporting the model
that enhanced SREBP1 transactivation may contribute to endo-
metrial cancer progression through induction of lipogenic gene
expression and lipogenesis.

Results

Elevated expression of SREBP1 in endometrial carcinoma
compared with the adjacent normal endometrium. It has been
reported that FASN, the lipogenic gene encoding fatty acid syn-
thase, is overexpressed in endometrial cancers;**?* however, the
underlying mechanisms are still unknown.*® SREBPI is the
major transcription factor that directly activates the expression
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of FASN and other lipogenic genes.?® Therefore, we asked
whether increased SREBP1 expression and/or activity contrib-
ute to the elevated FASN expression in EC. To determine the
levels of SREBP1 expression, we performed immunohistochemi-
cal staining on formalin-fixed, paraffin-embedded sections using
anti-SREBP1 antibody. The levels of nuclear and cytoplasmic
SREBP1 were scored for both mature and precursor forms,
respectively. As shown in Figure 1, SREBP1 is expressed in both
normal and cancerous tissues, but its levels were significantly
increased in poorly differentiated EC. The majority of SREBP1
was found in the cytoplasm of epithelial cells of normal endo-
metrium and well-differentiated tumors, while nuclear SREBP1
was mainly detected in high-grade tumors, including moderately
differentiated to poorly differentiated tumors (Figs. 1 and S1).
These observations indicate that SREBP1 expression and acti-
vation positively correlates with the progression of endometrial
cancer.

SREBP1 status in endometrium during the menstrual cycle
and post-menopause. Because endometrial cancer progression
correlates with menopausal status, we characterized the expres-
sion of SREBP1 in endometrium during the menstrual cycle
and in post-menopausal endometrium. As a result of cyclic ste-
roid hormone levels throughout the menstrual cycle, the endo-
metrium undergoes characteristic proliferative, secretory and
menstrual phases and displays a wide spectrum of normal and
pathological appearances. As shown in Figure 2, SREBP1 pro-
tein was markedly increased in glandular epithelial cells during
proliferative phase, and SREBP1 protein was located in both
nucleus and cytoplasm. In contrast, at the secretory phase, the
epithelial cells in endometrium lost the expression of SREBP1
protein, while the nuclear distribution of SREBP1 became negli-
gible (Fig. 2). The observation of increased SREBP1 expression
and activation (nuclear translocation) in proliferative phase is
consistent with the notion that the proliferating cells in endo-
metrium require de novo lipogenesis. SREBP1 protein was not
detectable in the majority of post-menopausal endometrium nor
in the stromal cells, regardless of the endometrial phases (Fig. 2
and data not shown).

Enhanced SREBP1 expression and nuclear translocation in
atypical hyperplasia. Atypical endometrial hyperplasia (AH) is
a precancerous condition. Patients with AH have increased risk
of developing invasive endometrial cancer compared to those
patients who have hyperplasia without atypia. To test whether
the expression and distribution of SREBP1 correlates with the
AH status in endometrial hyperplasia, we performed immuno-
histostaining of SREBP1 in hyperplastic endometrial samples. As
shown in Figure 3, we observed significant differences in both the
expression levels and the distribution of SREBP1 in hyperplastic
tissues without atypia compared with normal tissues. SREBP1
expression in atypical hyperplasia, when scored at whole-cell
level, was significantly higher than that in normal and non-
atypical hyperplasia (Fig. 3). In addition, cytoplasmic SREBP1
was increased in AH when compared with normal tissue (Fig.
3). Elevated nuclear SREBPI in AH was observed but did not
reach significant levels when compared with normal (p = 0.180),

non-AH (p = 0.173) and EC (p = 0.958), which could be due to

2349



B p=4.98e-008 p=2.27e-007 p=1.14e-007
—~ 50- n=41 30 - n=#1 20- n=41
8 g
o E %
O 40- B 20y 3
= 2 8164
s 2 20 { <
e o [ -1
2 304 b=t o
e = A
K] @ 154 o 1.0-
@ 8 B. L
¢ 20- s B3 o
53 3 1.0 - - 9y
o - o v
= 10 E @ 0.5-
= 1 B o5 4 &
w 4 L2
% 7]

0.0- 0.0 - 0.0 -

. . E— T T T
Matched EC Matched EC Matched EC
normal normal normal

C p=3.76e-012 p=1.36e-010 p=4.52e-011

~ 201 3.01 2.0-

[} —_

5] o

o £ | =

& 4l g 25 3

= = 8:1.64

T B 20] T

£ 3.01 e o

= 2 A

k=) a 15- 3 1.0-

2 8 s »

g 20 2 3 8

% s 1.0- E :m

= 10 & . e

B o o05- © &]

w o «

4 7]

? 00- 0.0- 0.0

: = T ;¢ 38 —

Normal EC Normal EC Normal EC
(n=41) (n=120) (n=41) (n=120) (n=41) (n=120)

Figure 1. SREBP1 expression in endometrial cancer (EC) determined by IHC. (A) Immunohistochemistry (IHC) staining of endometrial cancer speci-
mens and matched adjacent non-cancerous tissues for SREBP1 protein expression and subcellular localization. (B) Boxplot of IHC staining score for
SREBP1 in whole cell, cytoplasm and nucleus in cancer and matched non-cancerous tissues. (C) Boxplot of IHC staining score for SREBP1 in whole cell,
cytoplasm and nucleus in all cancer specimens recruited to this study and non-cancerous endometrial tissues.

the limited number of patient samples (Fig. S2). These results
indicate that SREBP1 activation occurs in AH, the precancerous
condition, which may contribute to cancer progression.

SREBP1 is responsible for lipogenic gene expression in
endometrial cancer cells. The levels of SREBP1 can be regulated
by multiple mechanisms, including transcriptional or posttrans-
lational regulation.”** To examine whether increased SREBP1
protein in EC patient samples was due to enhanced gene expres-
sion, we performed quantitative RT-PCR (qRT-PCR) analysis
on cDNA samples prepared from surgically resected samples of
normal and cancerous tissues and compared the mRNA levels of
SREBFIa, SREBFIc, SREBF2 and SCD (Stearoyl CoA desatu-
rase), transcriptional targets of SREBPs. As shown in Figure 3A,
SREBPIc expression was significantly increased, while the lev-
els of SREBP1la and SREBP2 transcripts were markedly reduced
in cancer tissues. Similar to SREBFIc, the mRNA levels of SCD
were significantly increased in cancer, which is consistent to
increased SREBP1 protein expression and activation as evidenced
by nuclear translocation.

Having established the correlation between SREBP1 expres-
sion and endometrial cancer progression (Figs. 1 and 2), we next
determined whether elevated levels of SREBP1 was required for
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expression of the lipogenic genes in EC cells. To answer this
question, we analyzed SREBP1 expression in five commonly
used endometrial cancer cell lines, including ECC, HEC-1-A,
RL95-2, KLE and AN3 CA. As shown in Figure 3B, SREBP1
expression was undetectable in well-differentiated ECC-1 cells,
but it was highly expressed in medium and poorly differentiated
RL95-2 and AN3 CA cells. Since the SREBP1 antibody cannot
distinguish SREBP1a from SREBPIlc proteins, we performed
qRT-PCR to determine which SREBP1 isoform was predomi-
nantly expressed. RL95-2 cells express both isoforms at relatively
high levels; in contrast, AN3 CA expresses SREBP1a but not
SREBPIc (data not shown). Next, we determined the expres-
sion of SREBP target genes, such as FASN, SCD and ACLY
(ATP citrate lyase). Relatively high expression of FASN, SCD
and ACLY were detected in AN3 CA cells (data not shown). To
test whether the endogenous SREBP1 was required for lipogenic
gene expression, we chose AN3 CA cells and depleted SREBP1
by using an shRNA approach. We used five different shRNAs
targeting mRNA of SREBF1. As shown in Figure 3C and D,
shRNA#2 and shRNA#4 exhibited high knockdown efficiency
as confirmed at both protein and mRNA levels. The expression
of SREBP1 target genes was also significantly reduced (Fig. 3D),
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the experimental groups (bottom parts).

Figure 2. Increased SREBP1 expression in atypical hyperplasia. (A) IHC staining was conducted with anti-SREBP1 antibody on endometrial tissues
derived from normal, hyperplasia without atypia and atypical hyperplasia. Secretory, proliferative and post-menopausal normal endometrial tissues
were stained. (B) Boxplot of IHC staining score for SREBP1 in whole cell, cytoplasm and nucleus in normal hyperplastic and cancerous tissues in all
specimens recruited to this study as indicated. Statistical analysis of SREBP1 expression was performed showing the p-value for the difference among

supporting that the expression of these genes is at least in part
dependent on SREBP1 function.

SREBP1 is required for cell proliferation. Cell proliferation
is not only tightly controlled by mitogenic signaling but also
requires activation of biosynthetic pathways for the generation of
macromolecules, including proteins and lipids. Because SREBP1
regulates lipogenesis, the metabolic process that supplies cells
with phospholipids, we expected that the knockdown of endog-
enous SREBP1 would suppress cell proliferation and growth. To
determine the functional consequences of SREBP1 inactivation
in cultured EC cells, we analyzed the effect of knockdown of
SREBPI1 on cell growth. As shown in Figure 4A, we observed
reduced cell number in shSREBF1-expressing cells compared
with the vector control, suggesting that SREBPI is required for
cell proliferation. Next, to determine whether SREBP1 is required
for the progression of any specific cell cycle phases, we conducted
FACs analysis. We found that depletion of SREBP1 had no sig-
nificant effect on cell cycle distribution (data not shown). These
observations suggest that instead of affecting certain specific cell
cycle phases, depletion of SREBP1 may increase the total cell
cycle duration.

Knockdown of SREBP1 impairs EC cell colony-forming
capacity and tumor growth in vivo. To determine the role of
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SREBPI in tumor colony formation, we performed clonogenic
assays. As shown in Figure 4B and C, knockdown of SREBFI
by shRNA significantly reduced the number of colonies. The
shRNA#4 of SREBFI achieved nearly 100% knockdown effi-
ciency at protein levels, which reduced the number of large
colonies (size > 15) by 90%, while the shRNA#2, by reducing
SREBPI protein expression by 80% (Fig. 4C), inhibited the col-
ony-forming capacity of AN3 CA cells by 25%. These results sug-
gest that the colony numbers positively correlate with the levels
of the SREBPI expression. Next, we examined the contribution
of SREBPI to tumor growth in vivo by using a xenograft SCID
mouse model. We implanted 2 x 10° of SREBP1 knockdown cells
(shRNA#2 and shRNA#4 lines) subcutaneously and monitored
tumor growth by measuring tumor size every 4 days. As shown in
Figure 4D and E, the AN3 CA cells with depletion of SREBP1
by the shRNA#2 significantly reduced the tumor size compared
with the vector control cells. Fewer tumors and slower growth rate
were found in shRNA#4 AN3 CA cells implanted mice, consis-
tent with the high efficiency of SREBP1 depletion by shRNA#4
(Fig. 4F). These observations are also in line with the observation
that SREBP1-knockdown cells had decreased growth rates com-
pared with the control cohort (Fig. 4A). Collectively, these studies
demonstrate that SREBP1 is required for tumor growth in vivo.
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Figure 3. SREBP1 is required for lipogenic genes and cell proliferation in endometrial cancer cells. (A) Quantitative RT-PCR analysis of mRNA abun-
dance of SREBP1a and SREBP1c in endometrial cancer cells. RNA abundance was shown as fold change relative to that in ECC-1 cells. (B) Western
blotting (WB) analysis of lipogenic gene expression in commonly used endometrial cancer cell lines. Actin serves as protein loading control. (C) AN3CA
cells were transduced with a set of lentiviral vector expressing shRNA targeting SREBF1. Western blot analysis of SREBP1 and SCD1 were performed
showing a successful knockdown of SREBP1 and reduced expression of SCD1 as a transcriptional target of SREBP1. (D) Quantitative RT-PCR analysis of
mRNA abundance of SREBP1, SREBP2 and their targets including FASN and SCD1 in #2 and #4 transduced cells.

Knockdown of SREBP1 induces apoptotic cell death. The
tumor growth is resulted from the net gain of cell number,
which is determined by cell proliferation and death. It has been
previously shown that inhibition of SREBP1 sensitizes tumor
cells to death ligand,?® suggesting that SREBPI-dependent
evasion of cell death could contribute to the net cell growth.
To examine whether SREBPI is required for cell survival, we
depleted SREBP1 and analyzed the sub-G, population, which
represents apoptotic cells. We observed that knockdown of
SREBPI increased the number of cells in sub-G, cell fraction
from 1.7% to 3.3% (data not shown), suggesting that reduc-
tion of SREBP1 leads to apoptotic cell death. Annexin V stain-
ing precedes the loss of membrane integrity of cells undergoing
either apoptotic or necrotic cell death.?” We stained the cells
with Annexin V and 7-AAD. As shown in Figure 5A, the
early cell death marked by Annexin V-positive and 7-AAD-
negative increased from 6.3% to 9% (shRNA#2) and 18.6%
(shRNA#4), respectively, in cells with reduced SREBP1. Cells
in late apoptosis (both Annexin V and 7-AAD positive) were
low in all three cell lines but showed an increase from 1.1%
in vector control cell line to 2.1% in SREBP1 knockdown
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cells (#4) (Fig. 5C), which is consistent with the sub-G, frac-

tion of these two cell lines.
Discussion

SREBPI, also known as adipocyte determination- and differ-
entiation-dependent factor 1 (ADD1),* has been shown to be
involved in tumorigenesis. Increased expression of SREBP1 has
been reported in colorectal carcinoma, breast and prostate cancer
and hepatocarcinoma. The levels of SREBP1 positively correlated
with the severity of endometrial hyperplasia and cancer, which
further supports the notion that SREBPI is oncogenic. Similarly,
elevated expression of SREBP1 was reported in coinciding with
malignant transformation, cancer progression and metastasis for
several cancer types, particularly hormone-responsive tissues,
including breast and prostate cancers.!"3>¢ Despite this prog-
ress, the role of SREBPI in endometrial tumorigenesis remains
unexplored.

We have shown that SREBP1 is required for the tumorigen-
esis of endometrial cancers. We found that SREBP1 is overex-
pressed in EC patients, and its activation, as indicated by nuclear
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translocation, correlates with high-grade, poor differentiation
of endometrial cancer. The lowest expression of SREBP1 was
seen in post-menopausal tissues. Similar to EC tissue, atypical
hyperplastic tissues exhibit an elevated SREBP1 expression. The
observation of high SREBP1 expression in proliferative, hyper-
plastic and cancerous tissues further supports the notion that de
novo lipid synthesis is enhanced in cancers. To our knowledge,
this is the first report that has systematically examined the role
of SREBP1 in endometrial cancer cell proliferation and tumor
growth. To directly test whether SREBPI functions as trans-
forming oncogene, we overexpressed SREBP1 in well-differen-
tiated ECC-1 and immortalized NIH 3T3 cells. Overexpression
of SREBPI did not show tumorigenic capability (unpublished
observations), suggesting that gain of SREBP1 alone is not suf-
ficient for tumorigenesis. Collectively, these results suggest that
SREBP1 is required for promoting endometrial cancer progres-
sion rather than oncogenic transformation. We note that this
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observation was only made in lipid-depleted serum culture condi-
tion, where cells were completely dependent on the de novo lipo-
genesis to support the demand for phospholipids and cholesterol
in rapid proliferating cells.

Several key enzymes involved in lipogenesis have been inves-
tigated for their potential to be targeted in cancer therapy. This
rapidly growing list includes fatty acid synthase (encoded by
FASN gene), acetyl-CoA carboxylase (ACACA), Stearoyl-CoA
desaturase (SCD), phospholipase PLA2G7 and ATP citrate
lyase (ACLY). Suppression of the protein expression and activ-
ity levels with either interfering RNA or small-molecule inhibi-
tors impairs tumor cell proliferation in cell culture and tumor
growth in vivo.>"* In particular, targeting FASN with chemical
inhibitors has been proved to be effective in repressing tumor
growth.”! Inhibition of PLA2G7 by gene silencing together with
lipid-lowering statins impaired prostate cancer cell proliferation
and migration and induced apoptotic cell death.”” However,
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the efficacy of the available agents in cancer therapy needs to
be investigated thoroughly. As a proof of concept, our results
demonstrated that SREBPI is required for supporting tumor
cell growth and survival. As a master regulator of lipogenic gene
transcription, knockdown of SREBP1 efficiently reduced the
expression of FASN and SCD (Fig. 3D), which may represent a
novel interesting approach to block tumor progression. The pres-
ent study revealed that the expression of SREBP1 was increased
in endometrial carcinomas and the expression of SREBP1 pro-
tein was increased in poorly differentiated (histologically higher-
grade) tumors. Importantly, knockdown of SREBP1 efficiently
repressed colonigenic capacity of endometrial cancer cells and
in vivo tumor growth, indicating that SREBP1 may serve as a
potential therapeutic target.

SREBP1 is synthesized as a 125-kDa precursor located in
the membranes of the endoplasmic reticulum and nuclear local-
ization is required for its activation. Besides targeting SREBP
expression, strategies targeting SREBP synthesis and matura-
tion may also provide therapeutic values. Fatostatin, a small
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molecule inhibitor of fatty acid synthesis by directly targeting the
SREBP cleavage-activating protein (SCAP), was found to inhibit
prostate cancer growth. Our current studies demonstrated the
nuclear localization of SREBP1 in endometrial cancer, especially
in poorly differentiated carcinoma, including type II cancers
(data not shown). The underlying mechanisms through which
SREBP1 is processed into matured nuclear form in endometrial
cancer cells are still poorly understood and warrant further stud-
ies in the future.

It is important to note that epidemiological studies have
identified obesity as one of the major risk factors for endome-
trial cancer, where obese women have a 2—4-fold greater risk of
developing endometrial cancer compared with women of nor-
mal weight, regardless of menopausal status.*** As population
size affected by this disease is expected to grow rapidly, partic-
ularly in developing countries, endometrial cancer is expected
to be a serious global health problem. This study, by establish-
ing the role of SREBPI, the master regulator of lipogenesis, in
endometrial cancer growth, may have important implications in
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Table 1. Clinicopathologic characteristics of the patient cohort with
endometrial cancer

Clinical characteristics p':;.e::s Perc(i/:)t age
Age (y):

<50 28 23.14
>50 93 76.86

Menopause status
Pre- 19 15.70
Peri- 16 13.22
Post 86 71.08

Type of surgery

Uterectomy 91 75.21
Exploratory curettage 30 24.79

Histological grade
| 62 51.24
I 32 26.45
1 27 22.31

Histological type
| 107 88.43
I 14 11.57

T stage (patients underwent uterectomy)
T1 79 86.81
T2 9 9.89
T3 2 2.20
T4 1 1.10
N stage (patients underwent uterectomy)
NO 80 87.91
N1 1 12.01
M stage (patients underwent
uterectomy)
MO 91 100
M1 0 0
Clinical stage

| 72 79.12
Il 6 6.59
1l 12 13.19
vV 1 1.10

understanding how obesity contributes to the increased risk in
EC tumorigenesis.

In summary, we have demonstrated that SREBP1 is signifi-
cantly upregulated and functionally activated in endometrial
cancer, and that SREBP1 plays important roles in endometrial
cancer progression. Experimental approaches in cell culture
revealed that expression of the endogenous SREBP1 is required
for cancer cell growth and colony-forming capacity. Although
further studies are necessary to clarify the molecular mecha-
nisms underlying the overexpression and functional activation of
SREBPI in cancers, our results suggest that SREBP1 may rep-
resent a novel therapeutic target in treating endometrial cancer.

www.landesbioscience.com
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Materials and Methods

Endometrial cancer specimens and immunohistochemistry
(IHC) staining. Formalin-fixed and paraffin-embedded tumor
specimens used in this study were from commercial source
(Creative Biolabs) and from the tissue bank of the 90" Hospital
of Jinan. All tumors were primary and untreated before sur-
gery with complete clinicopathological information. Tumor size
was defined as the maximum tumor diameter measured on the
tumor specimens at the time of operation. H&E-stained sections
of specimens were reviewed and the diagnosis confirmed by an
expert gynecologic pathologist. All of the specimens were anony-
mous and tissues were collected in compliance with institutional
review board regulations. Patients with endometrial cancer and
tumor characteristics for this study population are is summarized
in Table 1. Endometrial cancer tissues from the 90 Hospital of
Jinan were built into a 60-core array with 2 mm diameter of the
core size. Adjacent normal tissues were included for some cancer
tissues. Endometrial Cancer cDNA Arrays (TissueScan™ cDNA
Arrays) were purchased from OriGene Technologies, Inc.

IHC staining for SREBP1 was performed on the paraffin-
embedded tissue blocks in the Kimmel Cancer Center Pathology
Core Facility at Thomas Jefferson University. Hematoxylin and
eosin (H&E) stainings were reviewed to ensure the cancer tis-
sue and normal epitheliums. IHC staining for these markers
was performed on 5 pm thick sections. Briefly, tissue slides were
deparaffinized with xylene and rehydrated through a graded
alcohol series. The endogenous peroxidase activity was blocked
by incubation in a 3% hydrogen peroxide solution for 15 min.
Antigen retrieval was performed by immersing the slides in 10
mM sodium citrate buffer (pH 6.0) and maintained at a sub-
boiling temperature for 5 min. The slides were rinsed in phos-
phate-buffered saline and incubated with 10% normal serum to
block non-specific staining. The slides were then incubated with
the primary antibody (anti-SREBP1, K-10) overnight at 4°C in a
humidified chamber.

All of staining was assessed by pathologists blinded to the
origination of the samples using a semi-quantitative method.
Each specimen was assigned a score according to the inten-
sity of the nucleic and cytoplasmic staining. Tissue was scored
(H-score) based on the total percentage of positive cells and the
intensity of the staining (1+, 2+ or 3+), where H = (% “1+7x 1) +
(% “2+”x2) + (% “3+” x 3). A minimum of 100 cells was evalu-
ated in calculating the H-score.

Statistical analysis. Means of continuous variables for
SERBP-1 staining intensity between endometrial cancer and each
normal endometrial phase or within normal endometrial phases
were compared by one-way analysis of variance (multiple com-
parisons). The comparison between the clinicopathologic char-
acteristics of endometrial cancer and SERBP1 staining intensity
was evaluated with the Mann-Whitney U test. All statistical tests
were two-sided, and p-values less than 0.05 were considered as
statistically significant. The statistical analyses were performed
using SPSS 13.0 software (SPSS Inc.).

Plasmids, antibodies and reagents. A set of five of shR-
NAs targeting human SREBF1 were purchased from Open
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Biosystems (Cat.#: RHS4533). The 1,000-bp promoter of
FASN was amplified from genomic DNA of AN3 CA cells and
subcloned into Kpnl/BglIl of pGL3-basic vector (Promega).
Mouse Scdl promoter-driven luciferase reporter was a gift
from Dr. Ntambi.®* pcDNA4-FLAG-SREBP1a was obtained
from Addgene.” All the mutant constructs for SREBFI pro-
moter-driven luciferase reporter were kindly provided by Dr.
Yamada?®® The retroviral vector (MSCV-IRES-GFP) was
described in our prior publication.”’ Anti-SREBP1 (K-10
and H-160), anti-FASN (H300), anti-actin (C4) antibodies
were purchased from Santa Cruz Biotechnology, anti-SCD
(MC38) and anti-LC3A/B antibodies were purchased from
Cell Signaling Technology and anti-ACLY antibody was from
Abcam (#ab40993).

Cell culture. The human embryonic kidney 293T cells
(HEK 293T) were maintained in DMEM containing 1% peni-
cillin/streptomycin and supplemented with 10% fetal bovine
serum (FBS). Endometrial cancer cell lines, including ECC-1,
HEC-1A, RL95-2, KLE and AN3 CA, were purchased from
American Type Culture Collection (ATCC). The basal culture
medium are RPMI-1640 (ECC-1), McCoy’s 5a (HEC-1A),
DMEM: F12 (RL95-2, KLE) and Eagle’s Minimum Essential
Medium (AN3 CA) according to ATCC. For cell maintenance,
the basal medium was supplemented with 10% fetal bovine
serum (FBS) except ECC-1 with 5% FBS. Under lipid-free
culture condition as indicated, the basal medium was supple-
mented with 5% lipid-depleted FBS purchased from Cocalico
Biologicals (#55-0116).

Cell transfection and transduction. For transient transfec-
tion, Superfect Transfection Reagent (Qiagen) was used follow-
ing manufacturer’s protocol. For cell transduction, lenti-viruses
were prepared using Trans-Lentiviral shRNA Packaging Kit
following manufacturer’s instruction (Open Biosystems) with
modifications. Briefly, lenti-viral vector expressing shRNA will
be introduced into HEK 293T cells by transient co-transfection
with helper virus with calcium phosphate precipitation. After 6
h, cell culture medium was replaced and cells were allowed to
grow for 36 h to produce viruses. The supernatant was then col-
lected and filtered through a 0.45-pm filter. Cells were infected
at approximately 70% confluence in DMEM supplemented
with 8 pg/ml of polybrene. The following day, the medium was
changed to basal medium supplemented with 10% FBS and cul-
tured for further assays. Cells were stably selected by supplement-
ing the medium with 2 pwg/ml puromycin for two weeks. The
knockdown efficiency was determined by either western blot or
gRT-PCR assays.

RNA isolation and quantitative RT-PCR. Total RNA was
prepared using TRIzol Reagent (Invitrogen) following manu-
facturer’s instructions. Five pg of total RNA was subjected to
reverse transcription to synthesize cDNA using the SuperScript™
IT Reverse Transcriptase Kit (Invitrogen). For qRT-PCR, each
reaction (25 pl) consisted 1 pl reverse transcription cDNA prod-
uct and 100 nM of each primer. The primers used for gqRT-PCR
are listed as below:

Gene symbol Forward primer sequence Reverse primer
sequence Amplicon size
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SREBP1a 5-CGG CGC TGC TGA CCG ACA TC 5-CCC
TGC CCC ACT CCC AGC AT 104 bp

SREBPIc 5-GCG CAG ATC GCG GAG CCA T 5-CCC
TGC CCC ACT CCC AGC AT 116 bp

SREBP2 5-CAA GCT TCT AAA GGG CAT CG 5-AGT
AGG GAG AGA AGC CAG CC 140 bp

FANS 5-CAC AGG GAC AAC CTG GAG TT 5-ACT
CCA CAG GTG GGA ACA AG 97 bp

SCD1 5-CGA CGT GGC TTT TTC TTC TC 5-CCT
TCT CTT TGA CAG CTG GG 70 bp

ACLY 5-GCC CAT CCC CAA CCA GCC AC 5-TTG
CAG GCG CCA CCT CAT CG 137 bp

ADIPOQ 5-TCC TGC CAG TAA CAG GGA AG 5-AGG
GGA AGT GTC AGT ACC CG 168 bp

aP2 5-CTC TCC GTT CAG ATT GAA GGG G 5-AAT
CCC GCCTCCATC CTAACT 122 bp

GAPDH 5-GAG TCA ACG GAT TTG GTC GT 5-TTG
AGG TCA ATG AAG GGG TC 103 bp

Cellular proliferation and apoptosis assays. For cell prolifera-
tion assays, cells were stably transfected with shRNA targeting
SREBFI and control were seeded at a density of 2 x 10° cells per
well in 6-well culture device in DMEM containing 10% FBS.
The total number of cells was counted for 5 d. Data are from at
least three experiments done in triplicate (mean + SEM).

Cell death was determined by PE Annexin V Apoptosis
Detection Kit (BD Biosciences) following manufacturer’s
instructions.

Colony formation assays. A total of 2,000 cells were seeded
in 100-mm plates and allowed to grow for two weeks. The cul-
ture medium was replaced every three days with fresh MEM
supplemented with either regular FBS or lipid-depleted FBS. The
number of colonies formed per plate was stained with crystal vio-
let and determined quantitatively by Gel-Pro Analyzer (Media
Cybernetics, Inc.).

Subcutaneous tumor implantation. All animal experiments
were performed following animal protocols that have been
approved by the Institutional Animal Care and Use Committee
(IACUC) at Thomas Jefferson University. AN3 CA cells
(2 x 10°) with either knockdown of SREBP1 or vector control
were implanted by subcutaneous injection in the flank of male 6-
to 8-week old SCID mice. Comparisons were made for 10 animals
in each group between AN3 CA/vector, AN3 CA/shSREBF1#2
and AN3 CA/shSREBF1#4. The tumor growth rates were exam-
ined using serial caliper measurements. The tumor volume were
calculated using the equation (a x b?)/2 where “a” and “b” are
length and width of the tumor, respectively. At the completion of
the experiments, tumors were excised, weighed and statistical sig-
nificance of differences in tumor volume were logarithm trans-
formed and analyzed using a linear mixed model. Separate slope
and intercepts were computed for each group (Vector, #2, #4),
then we compared across groups using a global test followed by
pair-wise comparisons via linear contrasts. Data prior to day 12
were ignored due to zeroes at day 0 (inability to take logarithms)
and an initial nonlinearity/change in some of the animals growth
patterns prior to day 12. Thus, the intercept at day 12 is inter-
pretable as initiation of growth, and the slope is interpretable as
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rate of growth. For the models, we report coefficients, confidence
intervals of coefficients and two-sided p-values.
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