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Abstract: Background: The role of lipid metabolism played in cancer cell growth attracts more attention. SREBP1 is a 
common lipid regulatory factor. It has been reported that SREBP1 can promote tumor cell resistance. The aim of this 
study was to investigate its role in chemoresistance of colorectal cancer (CRC). Methods: The expression of SREBP1 
in CRC tissues was analyzed by immunohistochemistry. Using a viability assay, the sensitivity to 5-fluorouracil in 
two colon cancer cell lines (HT-29 and SW620) was measured and its correlation with different expression levels 
of SREBP1 protein by western blot was investigated. Results: The protein expression of SREBP1 in CRC tissues was 
higher than that in normal colon tissues. We found that over-expression of SREBP1 through SREBP1 gene transfec-
tion enhances the resistant of CRC cell lines to 5-FU, and SREBP1 silencing through SREBP1 shRNA transfection 
can promote apoptosis in 5-FU treated SW620 cells. Further study indicated that SREBP1 could inhibit the expres-
sion of caspase7 and reduce PARP1 cleavage fragments. Conclusion: Our results suggest that SREBP1 protect the 
5-FU treated CRC cells through caspase7 dependent PARP1 cleavage in apoptosis pathway and potentially provide 
a new target in the treatment of CRC.
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Introduction

Recently, lipid metabolism alteration has been 
considered to be the initiating factor of tumor 
occurrence and progression [1, 2]. SREBP1  
is a major transcription factor that regulates 
lipid synthesis gene expression. EGFR signaling 
can activated SREBP1 by increasing glucose 
uptake, promotes N-glycosylation of SREBP 
cleavage-activating protein (SCAP) [3]. The 
expression of SREBP1 and its target gene in 
endometrial cancer cells was significantly 
increased compared with normal cells, and 
knockout of SREBP1 can inhibit cell growth [4]. 
The expression of SREBP1 is high in other  
cancers such as prostate cancer [5], breast 
cancer [6], colon cancer [7], liver cancer [8]. 
SREBP1 induces oxidative stress in prostate 
cancer by increasing the expression of ROS 
(reactive oxygen species) and NOX5 [9]. In 
colon cancer, it has been found that there is a 

high expression of FAS in colon cancer tissues 
which is related to the activation of fatty acid 
synthesis [10]. Later research on the role of 
SREBP in CRC has found that tumor cells can 
recognize and respond to up-regulation of 
SREBP1 and FAS in response to a deficiency  
of endogenous fatty acids, and demonstrates 
that SREBP1 is involved in the transcriptional 
regulation of lipogenic genes in CRC [11]. 
However, the mechanisms of SREBP1 have not 
yet been comprehensively identified during CRC 
progression.

We found SREBP1 expression in colorectal  
tissue was significantly increased compared 
with normal tissue, suggesting that SREBP1 
may have a role in tumorigenesis. SREBP1 were 
over expressed in HT29 and silenced in SW620 
cell lines. SREBP1 promoted cell proliferation, 
led to cells resistant to 5-FU. Further experi-
ments showed that this proliferation and drug 
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resistance is through the SREBP1 apoptosis 
signal pathway in the regulation of caspase7, 
while inhibiting the PARP1 cleavage, thereby 
inhibiting the apoptosis of colon cancer cells.

Methods

Tissues and patients

All cases were pathologically confirmed. 
Additionally, formalin-fixed, paraffin-embedded 
specimens, including primary carcinoma speci-
mens (n=30) and corresponding non-tumor 
normal tissues specimens used for IHC were 
collected from CRC patients who underwent 
surgery from 2008-2010. Primary carcinomas 
were assessed according to the 7th edition  
of the American Joint Committee on Cancer 
(AJCC) staging system. All CRC patient data and 
tissue samples were collected from the Tumor 
Hospital of Harbin Medical University. No 
patients received preoperative radiotherapy or 
chemotherapy. The study was approved by the 
Ethics Committee of the Tumor Hospital of 
Harbin Medical University, Harbin, China.

Antibodies 

Caspase-3 (8G10) Rabbit mAb, Caspase-7 
(D2Q3L) Rabbit mAb, Caspase-9 (C9) Mouse 
mAb, PARP Antibody were purchased from Cell 
Signaling Technology (Danvers, MA,USA); Anti-
SREBP1 antibody was purchased from Abcam 
(Cambridge, MA, USA); β-actin mouse mAb was 
purchased from (Genscript, JiangSu, China).

Cell culture 

HT29 and SW620 cell lines were purchased 
from the American Type Culture Collection, and 
grown in RPMI or L15 medium supplemented 
with 10% fetal bovine serum in 37°C incubator 
with a humidified, 5% CO2 atmosphere.

Lentiviral vector construction

The SRRBP1 sequence was synthesized by 
Shanghai GenePharma Co. and cloned into 
pLVX vector. Four short hairpin RNAs (shRNAs) 
target sequence for SREBP1 gene were synthe-
sized by Shanghai GenePharma Co, Ltd, to 
deplete the expression of SREBP1 in colon  
cancer cells. A scrambled shRNA was used as a 
negative control. shRNA oligos were cloned into 
the pLKO vector. Then recombinant lentivirus 
was generated by co-transfecting shRNA  

plasmids or over-expression plasmids and 
pHelper plasmids into HEK293T cells using 
Lipofectamine 2000 (Invitrogen) according to 
the manufacturer’s instruction.

Lentivirus infection 

Viral titer of shRNA plasmids or over-expression 
plasmids was 2×10^9 ifu/ml which was deter-
mined by ELISA test. For cell infection, SW620 
cells and HT29 cells were seeded in six-well 
plates and infected with the constructed lenti-
virus containing at a multiplicity of infection 
(MOI) of 60. At 24 h after infection, puromycin 
was added, the final concentration was 2 ug/
ml, and stable transfected cell lines were 
screened. At 48 h after infection, the knock-
down or over-expression efficiency was deter-
mined by protein level.

Immunoblot assay 

In brief, cells were collected using a scraper 
and washed once with cold PBS. The cells were 
then lysed in lysis buffer (50 mM Tris-HCl, 250 
mM NaCl, 5 mM EDTA, 50 mM NaF, 0.1% NP-40) 
supplemented with 1% protease inhibitor cock-
tail. Equal amounts of proteins were size-frac-
tionated by 7.5-15% SDS-PAGE. At least three 
independent experiments were performed.

Evaluation of SREBP1 immunohistochemical 
results

Used the immunohistochemical test, and 
SREBP1 (ab191857, Abcam, USA) concentra-
tion was 1:300. IHC staining sections were 
observed by optical microscopy. Ten high power 
visual fields were selected for each section, 
and 100 tumor cells were observed in each 
visual field. The average positive cell proportion 
was calculated. The positive criterion was 
brown-yellow granules in nucleus or cytoplasm. 
The positive (+) criterion was positive cells 
>10%, the negative (-) criterion was positive 
cells <10% or no positive cells.

CCK-8 assay 

5,000 cells per well were seeded into a 96-well 
plate 24 h before experimentation. Cells were 
treated with different compounds for 72 h. 
CCK-8 was added to the 96-well plate and incu-
bated at 37°C for 1 h. Absorbance of each sam-
ple was read at 450 nm.
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Flow cytometry

Cells were washed twice with cold PBS and 
then resuspended in 1× Binding Buffer at a 
concentration of 1×10^6 cells/ml. 100 µl of the 
solution (1×10^5 cells) was transferred to a 5 
ml culture tube. 5 µl FITC Annexin 5 µl PI (BD) 
was added (BD). Gently vortex the cells and 
incubate for 15 min at RT (25°C) in the dark. 
Add 400 µl of 1× Binding Buffer to each tube. 
We analyzed by flow cytometry within 1 h.

Statistical analysis 

Three independent experiments were per-
formed prior to statistical analysis. The data 

over-expressing SREBP1, called HT29+. In the 
5-FU drug resistance experiment, we found 
that the resistance to 5-FU in HT29+ was sig-
nificantly higher than that of control group 
HT29 (Figure 2A). IC50 of HT29 and HT29+ 
was 0.209 mg/ml vs 2.847 mg/ml, Flow cytom-
etry analysis showed that the ratio of apoptosis 
cells in HT29 group was significantly higher 
than that in HT29+ group (Figure 2A, 2C). 

SREBP1 silencing can promote apoptosis of 
5-FU in SW620 cells

In order to fully prove the function of SREBP1, 
we silenced SREBP1 by transfected SW620 
cells with SREBP1 shRNA. We also used CCK-8 

Figure 1. SREBP1 was highly expressed in colorectal adenocarcinoma tis-
sues compared with normal colorectal tissues. A. SREBP1 had different ex-
pression levels in colorectal adenocarcinoma tissues and normal colorectal 
tissues. B. SREBP1 was expressed in different percentages. The positive 
rate in tumor tissues was 86%, compared with 23.5% in normal tissues 
(P<0.05). 

Figure 2. Different expression levels of SREBP1 may affect the sensitivity 
of colon cancer cells to 5-FU. A. SREBP1 overexpression HT29 cells are 
less sensitive to 5-FU than a control group by CCK-8 detection. B. SREBP1 
knocked down SW620 cells by transfected with SREBP1 shRNA are more 
sensitive to 5-FU than a control group by CCK-8 detection. C, D. IC50 of 
SREBP1 over-expression HT29 cells and SREBP1 knocked down SW620 
cells compared with the control group.

represent the means ± S.D. 
P<0.05, by unpaired Student’s 
t-test, was considered statisti-
cally significant.

Results

SREBP1 is over-expressed in 
CRC

30 pairs of tumor and corre-
sponding non-tumor normal 
tissues of colorectal cancer 
patients were collected at the 
Tumor Hospital of Harbin 
Medical University. Immuno- 
histochemistry was used to 
detect the protein expression 
of SREBP1 in CRC tissues. We 
confirmed that SREBP1 expr- 
ession appeared up-regulated  
in colorectal adenocarcinoma 
compared with normal colorec-
tal tissues (Figure 1A). The 
positive rate of SREBP1 in 
tumor tissues was 86%, com-
pared with 23.5% in normal tis-
sues (P<0.05) (Figure 1B).

Over-expression of SREBP1 
enhances the resistant of co-
lon cancer cell lines HT29 to 
5-FU

In order to verify the effect of 
SREBP1 on CRC, we construct-
ed a lentivirus over-expressing 
SREBP1 and infected HT29 
cell line, which normally has 
low expression of SREBP1, to 
obtain HT29 cell line stably 
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and flow cytometry to detect the 5-FU-induced 
apoptosis in SW620. The result showed that 
SREBP1 knockdown can promote 5-FU-induced 
apoptosis in SW620 cells (Figure 2B). The IC50 
of SW620 and SREBP1 shRNA-treated SW620 
required for 5-Fu-induced apoptosis were 
10.69 mg/ml and 1.085 mg/ML respectively 
(Figure 2D). The flow cytometry analysis showed 
that the proportion of early apoptosis and late 

SW620 cells with highly expressed SREBP1 
(Figure 4).

SREBP1 can inhibit the cleavage of PRAP1

We detected the cleavage of PARP1 with west-
ern blot, and the cleavage of parp-1 associated 
with caspase7 was also reduced accordingly. 
PARP1, a downstream molecule of caspase7, 

Figure 3. SREBP1 can promote intestinal cancer cells resistance to 5-FU. A-C. The number of apoptotic cells in 
SREBP1 over-expressing cells after 5-FU treatment for 72 hours was less than that in the control group. D-F. The 
number of apoptotic cells in SREBP1 knockdown SW620 cells after 5-FU treatment for 72 hours was less than that 
in the control group.

Figure 4. SREBP1 reduced the expression of caspase7 and inhibited the 
cleavage of PRAP-1. A, B. The relationship between expression of SREBP1 
and the expression level of apoptosis-related proteins was tested by west-
ern blot. C, D. Relative expression of SREBP1, caspase7 and PARP-1.

apoptosis in SREBP1 knock-
down group was significantly 
higher than that in control 
group (Figure 3D-F).

SREBP1 can reduce the ex-
pression of caspase7

We examined the expression 
of apoptosis related proteins  
in cell lines with over-expres-
sion or knockdown SREBP1, 
and their corresponding con-
trol groups with or without 
5-FU treated. We found that 
the expression of caspase7 
was reversely correlated with 
the expression of SREBP1.  
The expression of caspase7 
was decreased in 5-FU-induc- 
ed apoptosis in HT29+ and 
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can be cleaved by caspase7 and lost the ability 
to repair DNA damage, thereby promoting  
apoptosis (Figure 4).

Discussion and conclusion

CRC is a common malignant tumor. Tumor 
resistance to chemotherapeutic drugs is the 
main reason leading to the failure of chemo-
therapy [12]. The mechanism of resistance and 
the way to overcome resistance are a focus of 
research. SREBP1 is widely studied in lipid 
metabolism but less studied in cancer espe-
cially in CRC. According to the previous study, 
apoptosis of SREBP1 mainly focused on the 
lipid metabolism pathway [13]. SREBP1 acted 
as a downstream molecule, its deletion caused 
energy metabolism disorder and led to apopto-
sis [14].

In addition to FAS-related lipid metabolism 
associated with tumor proliferation, the previ- previ-previ-
ous study showed that SREBP1 knockdown can 
promote HeLa cell apoptosis through the  
caspase pathway, which was not caused by 
FASN, the downstream of SREBP1 [15]. Most 
recent studies had shown that SREBP1 mainly 
acted on downstream molecules, especially 
FAS, thereby controlling lipid metabolism in 
tumor cells and promoting tumor progression, 
and had been widely studied in lipid metabo-
lism [7, 16, 17]. An early study showed that  
caspase3 can regulate the activity of SREBP1 
[18]. However, the mechanism of the role in 
tumor formation, development, metastasis and 
drug resistance was still unclear, and tissue-
specific regulation and function of SREBP1 
have not yet been determined. SREBP1 has 
been less studied for tumor resistance.

Using clinical samples, we found that the 
expression of SREBP1 in colon cancer tissues 
was significantly higher than that in normal tis-
sues. Further experiments found that SREBP1 
over-expression can inhibit 5-Fu-induced apop-
tosis. By overexpression or knockdown of 
SREBP1, we confirmed that SREBP1 can indeed 
inhibit apoptosis, and inhibition of apoptosis 
through overexpression of SREBP1 inhibition. 
The down-regulated expression of caspase7 
further inhibits the cleavage of PARP1, thereby 
inhibiting cell apoptosis. We found that SREBP1 
inhibit apoptosis of CRC through SREBP1-
caspase7-PARP1 axis possibly. This result indi-
cates that SREBP1 may affect 5-FU-induced 

apoptosis in CRC cells through a non-lipid  
metabolic pathway. The next study needs to 
explore the mechanism of how SREBP1 regu-
lates caspase7, and a way to reverse chemo-
resistance both in vitro and in vivo.

SREBP1-caspase7-PARP1 is a novel pathway 
leading to drug resistance in colon cancer, 
which provides a new target of SREBP1 in the 
treatment of CRC.
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