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Abstract: Background: De novo lipogenesis (DNL) is a critical event for the development of tumors, in the present work,

we revealed the role of propofol in colorectal cancer (CRC) cell proliferation.Methods:Western blotting (WB), Real-time

PCR, and luciferase combined with chromatin immunoprecipitation (ChIP) were used to identify the mechanism

underlying propofol-modulated cell proliferation in CRC cells. Results: Herein, we showed that propofol suppressed

cell proliferation, which was attributed to the inhibition of DNL characterized by reduced fatty acid synthase (FASN),

acetyl-coA carboxylase alpha (ACCA), and stearoyl-coA desaturase-1 (SCD1) expression. Mechanically, propofol

stimulation decreased sterol regulatory element-binding proteins-1c (SREBP-1c) mature and nuclear translocation,

which further decreased SCD1 transactivation confirmed by luciferase and ChIP analysis, while no significant

difference in total SREBP1c was observed. What’s more, supplementation of Monounsaturated fatty acid (MuFA)

could reverse the inhibitory effect of propofol on cell proliferation. Conclusion: Taken together, these results

suggested propofol modulated cell proliferation is dependent on SREBP1c-mediated DNL.

Abbreviation
ACAT1 Acetyl-CoA acetyltransferase 1
AMPK Adenosine 5′-monophosphate (AMP)-activated

protein kinase
AKT Protein kinase B
ACCA Acetyl-coA carboxylase alpha
CRC Colorectal cancer
ChIP Chromatin immunoprecipitation
CCK-8 Cell counting kit-8
DMEM Dulbecco’s Modified Eagle’s Medium
DNL De novo lipogenesis
ER Endoplasmic reticulum
FASN Fatty acid synthase
HIF1α Hypoxia-inducible factor 1-alpha
KLF2 Kruppel-like factor 2
MuFA Monounsaturated fatty acid

mTOR Mammalian target of rapamycin
NF-κB Nuclear factor kappa-light-chain-enhancer of

activated B cells
NLRP3 NOD-, LRR- and pyrin domain-containing

protein 3
OSCC Oral squamous cell carcinoma
OA Oleic acid
PPARs Peroxisome proliferator-activated receptors
PI3K Phosphoinositide 3-kinase
qPCR Quantitative PCR
SREBP-1c Sterol regulatory element-binding proteins -1c
SCAP SREBP cleavage-activating protein
SCD1 Stearoyl-coA desaturase-1
SIRT1 Silent mating type information regulation 2

homolog-1
SFA Saturated fatty acids
TM2D1 TM2 domain containing 1
WB Western blotting

Introduction

More and more evidence found that anesthetic techniques are
critical in treating postoperative recurrence and can improve
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survival rates for patients with cancers [1–3]. Propofol, a
widely used intravenous anesthetic, has been shown to
suppress tumor progression, including proliferation and
metastasis in colorectal cancer (CRC) [4], colon cancer [5],
and oral squamous cell carcinoma (OSCC) [6]. The critical
molecules, including silent mating type information
regulation 2 homolog-1 (SIRT1), hypoxia-inducible factor 1-
alpha (HIF1α) [7] and Phosphoinositide 3-kinase (PI3K)/
AKT/mammalian target of rapamycin (mTOR) signaling
pathways [5] or circular RNA [6], were reported to involved
in propofol-modulated proliferation. However, the
mechanism of propofol-modulated cell proliferation in
tumors has not been completely identified yet.

Metabolic reprogramming of De novo lipogenesis (DNL)
plays a vital role in tumor progression, which has been listed
as a hallmark of cancer [8,9]. DNL is a multi-step fatty acid
metabolism mediated by critical rate-limiting enzymes, such
as FASN, ACCA, and SCD1 [10]. These key lipogenic
enzyme genes were directly transactivated by SREBP-1c
[11,12]. In particular, SCD1 was demonstrated to play a
critical role in tumors by modulating the balance between
monounsaturated fatty acids (MuFA)/saturated fatty acids
(SFA) in cellular lipids to influence cell membrane structure,
energy metabolism, and signaling [13]. For instance,
inhibition of SCD1 could induce the anti-tumor activity of
CD8+ T cells through enhancement of interferon-γ (IFN-γ)
production dependent on acetyl-CoA acetyltransferase 1
(ACAT1) [14] or β-catenin signaling in cancer cells and
endoplasmic reticulum (ER) stress in T cells [15]. What’s
more, the depletion of SCD1 expression in cervical cancer
cells led to a decline in cell proliferation, cell migration, and
invasion [16]. Interestingly, propofol has been demonstrated
to inhibit glycolysis in ovarian tumors and CRC cells
[17,18]. However, no available studies about the function of
DNL in propofol-modulated proliferation were reported at
present, which remains to be addressed.

Recently, the work has revealed that propofol-induced
apoptosis and ferroptosis inhibit cell proliferation by
targeting the TM2 domain containing 1 (TM2D1) [19], NF-
κB/HIF-1α [20]. The metabolic reprogramming of DNL was
also found to be involved in tumor progress, such as tumor
growth [21,22]. In this work, we would explore the possible
crosstalk between DNL and propofol in cell proliferation,
which could extend the novel role of propofol in metabolic
reprogramming and supply a novel unreported approach to
propofol in cell proliferation.

Materials and Methods

Reagents: Dulbecco’s Modified Eagle’s Medium (DMEM)
(GIBCO, C11885500BT, Shanghai, China) and Fetal bovine
serum (FBS) (GIBCO, 10099141C) were purchased from
GIBCO (Shanghai, China). Propofol (MedChemExpress, HY-
B0649, Wuhan, China) and Oleic acid (MedChemExpress,
HY-N1446) were purchased from MedChemExpress
(Wuhan, China). Nuclear and Cytoplasmic Protein
Extraction Kit (Beyotime, P0028, Shanghai, China),
BeyoRTTM II First Strand cDNA Synthesis Kit (Beyotime,
D7168M), BeyoFastTM SYBR Green qPCR Mix (Beyotime,

D7265), BCA Protein Assay Kit (Beyotime, P0011),
Lipo8000TM transfection reagents (Beyotime, C0533) and
BeyoECL Moon (Beyotime, P0018FS) were from Beyotime
(Shanghai, China). The dual Luciferase Assay System
(Vazyme, DD1205-01, Nanjing, China) kit was from Vazyme
(Nanjing, China). ChIP Kit (Abcam, ab500, Cambridge, UK)
and Human monounsaturated fatty acid (MFA) elisa kit
(Abcam, ab242305) were purchased from Abcam
(Cambridge, UK). Plasmid was purchased from Youbio
(Changsha, China), and RNAiso Plus (Takara, 9108Q,
Dalian, China) was from Takara (Dalian, China). All
ultrapure reagents were from Sigma (St Louis, MO, USA).

Antibodies: FASN monoclonal antibody (Proteintech,
66591-1-Ig, 1:2000, Wuhan, China), ACCA monoclonal
antibody (Proteintech, 67373-1-Ig, 1:2000), SCD polyclonal
antibody (Proteintech, 28678-1-AP, 1:2000), SREBP-1c
(Proteintech, 66875-1-Ig, 1:2000), Lamin A/C polyclonal
antibody (Proteintech, 10298-1-AP, 1:4000) and PCNA
polyclonal antibody (Proteintech, 10205-2-AP, 1:2000) were
from Proteintech Company (Wuhan, China). Histone H3.1
(MG4) mouse monoclonal antibody (Ray, RM2005 1:4000,
Beijing, China) and β-actin (MG3) Mouse Monoclonal
Antibody (Ray, RM2001, 1:4000) were from Beijing Ray
Antibody Biotech (Beijing, China). Peroxidase-AffiniPure
Goat Anti-Mouse IgG (H+L) (Jackson immunoresearch,
115-035-003 1:2000, PA, USA) and Peroxidase-AffiniPure
Goat Anti-Rabbit IgG (H+L) (Jackson immunoresearch,
111-035-003, 1:2000) were from Jackson immunoresearch
Laboratories.

Cells, treatment, and transfection
HT29 and CaCO2 cells were cultured in DMEM at 37°C in a
5% CO2 incubator supplied with 10% FBS, 100 units/mL
penicillin, and streptomycin (Beyotime, C0222), myco-
ZeroTM mycoplasma removal agent (MRA) (Beyotime,
C0280S) to clear mycoplasma, for treatment, cells were
treated with propofol at a concentration of 10 μg/mL
according to the Dai et al.’s work [23]. For transfection,
plasmids were constructed from Youbio (Changsha, China)
and transfected into cells using Lipo8000TM transfection
reagents.

qPCR analysis
After treatment with or without propofol for 48 h, the total
RNA was extracted using RNAiso plus combined with
recombinant DNase I (RNase-free) (Takara, No. 2270A,
Dalian, China), reverse transcription and quantitative PCR
(qPCR) was performed to test indicated gene expression with
BeyoRTTM II First Strand cDNA Synthesis Ki and
BeyoFastTM SYBR Green qPCR Mix, respectively, according
to the manufacturer’s instruction. The primers sequence used
in this study were from Dong et al.’s work [24] and Zou et.
al [25] were synergized from GenePharma and listed as
follows: human-FASN-F: TACGACTACGGCCCTCATTT;
human-FASN-R: CCATGAAGCTCACCCAGTTATC; human-
ACCA-F: GAGGTGGATCGGAGATTTCATAG; human-
ACCA-R: AGGCTCCAGATGACGATAGA; human-SCD1-F:
CCTGCAGAATGGAGGAGATAAG; human-SCD1-R: GCC
TTCCTTATCCTTGTAGGTG; human-UBC-F (internal
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reference.): 5′-ATTTGGGTCGCGGTTCTTG-3′; human-
UBC-R (internal reference.): 5′-TGCCTTGACATTCTCGA
TGGT-3′.

Cell counting kit (CCK)-8 assay
Cells were digested and reseeded in a 96-well plate at a density
of 105 cells/mL overnight, cells were treated with or
without propofol for the indicated time. Each group was
repeated three times, medium was replaced with fresh
medium containing 10% CCK8 (Biosharp, BS350B) to
incubate for about 30 min to 1 h. The absorbance of the
indicated group was tested with a microplate reader
(Thermo ScientificTM VarioskanTM LUX, VLBL0TD2,
Waltham, MA USA) at 450 nm.

Nuclear and cytosolic fraction extraction
After cell confluence reached 80%, the cells were treated with
or without propofol for 1 h, and cell fraction was isolated
using a Nuclear and Cytoplasmic Protein Extraction Kit and
diluted in a loading buffer (Biosharp, BL502B, Hefei,
China). The immunoblotting analysis was performed to
detect indicated protein. Histone H 3.1/Lamin A/C and β-
actin were taken as an internal control for nuclear and
cytosolic fractions, respectively.

Monounsaturated fatty acid (MuFA) detection
As described in the Qi et al.’s work [26], after treatment, the
supernatant from the indicated group was collected to
centrifuge to remove cell debris, 15 uL sample was added
into a 96-well plate to incubate at 90°C for 30 min and
placed into 4°C for 5 min. Sulfuric acid was added
to incubate for 10 min at 90°C, and subsequent subjected to
4°C for 5 min. 100 uL of vanillin was added and mixed to
incubated for 37°C for 15 min to determine the level of
MuFA according to the manufacturer’s instruction.

Oil red staining
As described in Qi et al.’s study [27], briefly, after treatment,
the cells were fixed and stained with 0.5% Oil-Red-O
(Biosharp, BL987A) in isopropanol diluted with 40% water,
which was infiltered for 1 h at room temperature.
Subsequently, the cells were washed with 75% ethanol and
captured under a microscope. Extraction of Oil-Red-O-
stained triglyceride drops with isopropanol was quantified
and measured with a microplate reader at 570 nm.

Immunoblotting analysis
Subcellular fractionation was isolated with a Nuclear and
Cytoplasmic Protein Extraction Kit according to the
manufacturer’s instructions. Protein was determined using a
BCA Protein Assay Kit and subjected to SDS-PAGE using
2x loading buffer (Beyotime, P0015B). Briefly, isolated
nuclear and cytoplasmic protein, BCA assay was performed
to determine to load equal protein in SDS-PAGE. After
separation, the protein was transferred into the
nitrocellulose membrane (Beyotimes, FFN08), and
incubation was performed with 5% milk for 1 h at room
temperature. The primary antibodies were diluted and
added to incubate indicated bands overnight at 4°C. The
secondary antibodies were added to incubate for another 1 h

after washing for 15 min with PBST (Biosharp, BL345A).
The protein bands were detected and imaged using the
BeyoECL Moon kit.

Luciferase analysis
Cells were transfected with SCD1 reporter plasmid combined
with pGL4.74 renilla plasmid, purchased from Youbio
(Changsha, China), using Lipo8000TM transfection reagents
for 24 h, a further 24-h incubation with or without propofol
was performed. The luciferase relative luciferase unit (RLU)
was measured using the Duo-Lite Luciferase Assay System kit.

Chromatin immunoprecipitation
Cells were stimulated with or without propofol for another 1 h
after 24-h starvation, subsequently followed by fixation and
isolation nuclear fraction, immunoprecipitation was
performed with an anti-SREBP1c antibody to precipitate
chromatin DNA fragments using a ChIP Kit according to
the manufacturer’s protocol. qPCR was used to amplify the
SCD1 promoter sequence with specific primer listed as
follows: forward: 5′-AAGGCTCCTACAGACACGGA-3′,
reverse: 5′-CAGGACCATATTGCCCTCGG-3′.

Statistical analysis
All statistical analyses were conducted using GraphPad Prism
10 (GraphPad Prism Software Inc, Boston, MA, USA). One
sample t test and two sample t test were used to determine
the difference in analysis of mRNA and cell viability/MuFA
level, respectively. Two-way ANOVA with multiple
comparisons, followed by Bonferroni post hoc test for
significance for luciferase and ChIP experiment. A p-value
less than 0.05 was considered statistically significant.

Results

Propofol induced cell proliferation inhibition
We analyzed the effects of propofol on tumor cell
proliferation, and a time course assessment of the influence
of propofol on cell viability was performed in HT29 and
CaCO2 cells of CRC cells. As demonstrated in Fig. 1A, no
significant difference was obtained in HT29 cells at 24 h,
while a large reduction of cell proliferation was observed in
HT29 and CaCO2 cells at 48 and 72 h, respectively (Fig. 1A,
B). What’s more, immunoblotting analysis showed that cell
proliferation index PCNA was decreased in HT29, and
CaCO2 cells received propofol treatment for 72 h (Fig. 1C).
Together, propofol displayed a suppressive effect on cell
proliferation in CRC cells.

Propofol regulated cell proliferation through DNL
Metabolic reprogramming is critical for cell proliferation to
achieve enough energy. The above work demonstrated
propofol has an inhibitory effect on cell proliferation. DNL
has been shown to sustain rapid proliferation and resistance
to cellular stress [28], which focused us to ask whether oleic
acid (OA), a kind of MuFA, addition could overcome the
influence of propofol on cell proliferation using CCK8 assay.
As expected, we found that cell proliferation was
significantly reversed in HT29 and CaCO2 cells treated with
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propofol treatment after the addition of monounsaturated
fatty acid (MuFA) (Fig. 2A), indicating propofol-regulated
cell proliferation independent of MuFA. Moreover, propofol
treatment could induce a significant reduction of total free
fatty acid concentrations (Fig. 2B). The further results
showed that several key enzymes involved in DNL,
including FASN, ACCA, and SCD1, were drastically
downregulated in HT29 and CaCO2 cells in response to
propofol treatment at the mRNA level (Fig. 2C). In line
with this, the immunoblotting analysis demonstrated that
propofol treatment in CRC cells led to a strong inhibition of
FASN, ACCA, and SCD1 expression (Fig. 2D). Moreover,
oil-red staining and quantitation analysis showed that
propofol could inhibit the accumulation of lipid droplets
(Fig. 2E) These results implied that propofol modulated cell
proliferation through DNL.

Propofol regulated DNL through SREBP1c
A large number of studies have addressed that SREBP1c
initiated multiple lipogenic gene transactivation, in
particular SCD1, which is critical for switching from stearic
acid to OA [14,29–31], which drove us to ask whether
propofol-regulated DNL is dependent of SREBP1c, as shown
in Fig. 3A, propofol stimulation could attenuate SCD1
promoter activity, while overexpression of SREBP1c in
HT29 could largely block the decreased SCD1 luminesce
caused by propofol treatment. Moreover, ChIP analysis
further indicated that, in comparison with the control
group, the binding of SREBP1c to SCD1 promoter was
drastically inhibited in response to propofol treatment
(Fig. 3B). most importantly, a remarkable reversed
phenomenon was observed in CRC cells treated with
propofol after ectopic expression of SREBP1c (Fig. 3C).
These findings suggested propofol-modulated DNL through
SREBP1c.

Propofol modulated SREBP1c mature and nuclear
translocation
It is well known that SREBPs could be cleaved by site 1 and 2
proteases (S1P and S2P), which further form mature SREBPs,
translocating to the nucleus to bind within target gene

promoters and initiating transactivation [32]. Based on this,
we further sought to determine the status of mature and
nuclear translocation of SREBP1c in response to propofol
stimulation. As illustrated in Fig. 4A, WB results showed
that propofol treatment could induce a significant
downregulation of SREBP1c mature in HT29 and CaCO2

cells, the results from a subcellular fraction analysis showed
that propofol could suppress SREBP1c nuclear translocation
(mature SREBP1c) in CaCO2 and HT29 cells, what’s more,
the SREBPC precursor was reduced in cytosolic fraction
after propofol treatment (Fig. 4B). These results implied that
propofol suppressed SREBP1c mature and inhibited nuclear
translocation of SREBP1c, thus repressing DNL.

Discussion

Largely number of investigations have demonstrated the
antitumor properties of propofol in tumors, including
proliferation, migration, invasion, apoptosis, immunology,
and chemosensitivity [33–36]. To date, propofol has been
shown to inhibit glycolysis reprogramming in cancer cells
[17,37,38], what’s more, the polyol pathway was found to
suppress gastric cancer cells in response to propofol [39]. In
this work, we further demonstrated propofol suppresses
CRC cell proliferation through downregulating SREBP1c-
modulated DNL. Propofol treatment could result in cell
proliferation inhibition in a time-dependent manner, which
was attributed to the reduction of OA caused by decreased
limited enzymes involved in DNL. Further results showed
that propofol stimulation suppressed SREBP1c mature, thus
inhibiting nuclear translocation, which further decreased the
binding of SREBP1c to SCD1 promoter. Overall, this work
enriched the mechanism of propofol-induced cell
proliferation inhibition, and implied targeting DNL might be
an alternative strategy for tumor treatment.

DNL leads to the generation of MuFAs mediated by
SCD1, including OA and palmitoleic acid, which is critical
for membrane phospholipids, triglycerides, and cholesterol
lipids [40,41]. MuFAs could induce β-catenin stabilization
and activation to trigger tumor growth [42], what’s more,
MuFAs were reported to initiate lipid metabolism and

FIGURE 1. Propofol reduced cell proliferation. HT29 (A) and CaCO2 (B) cells were plated overnight, followed by treatment with or without
propofol (10 μg/mL) for the indicated time. Fresh medium containing 10% CCK8 was used to incubate cells for about 1 h and the 96-well plate
was tested with a microplate reader. Data was listed as mean ± SD, n = 6, and determined using a two-sample t test for each timepoint, **p <
0.01, ****p < 0.0001. (C) the whole protein was harvested from HT29 (upper) and CaCO2 (bottom) treated with or without propofol for 72 h,
PCNA expression was analyzed by immunoblotting and the band intensity was quantified to test using one sample t test, n = 3, **p < 0.01. The
control group was normalized as 1. β-actin was taken as loading control.
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inflammation through peroxisome proliferator-activated
receptors (PPARs) [43]. Interestingly, in this work, MuFAs
could rescue the cell proliferation inhibition caused by
propofol, which implies that DNL is a critical pathway in
propofol-mediated cell proliferation suppression. Further
analysis demonstrated that FASN, ACCA, and SCD1
expression were largely reduced in CRC cells in response to
propofol treatment. However, in addition to DNL, whether
the other metabolism reprogramming involved in propofol-
induced cell proliferation inhibition remained to be identified,
such as sugar alcohols of the polyol pathway, Ketogenesis,
tryptophan metabolism, and glutamine metabolism.

SREBP1c, a key transcription factor of lipogenesis, has
been demonstrated to initiate SCD1 transactivation [12],
which further led to MuFA generation. OA stimulation could

enhance cell proliferation and survival in breast cancer cells
and ovarian cancer cells [44,45]. In this work, propofol
suppressed SREBP1c-mediated SCD1 expression, which
further reduced MuFA level and cell proliferation. While
addition of OA could reverse the impact of propofol on cell
proliferation. Of interest, SREBP1c has been addressed to
trigger NOD-, LRR-, and pyrin domain-containing protein 3
(NLRP3) transactivation, leading to cell pyroptosis to regulate
the cell cycle [46–48]. Based on this, we speculated propofol
might regulate cell proliferation through modulation of
NLRP3 inflammasome activation. However, there were
several issues remained to be explored in future: whether
propofol inhibited SREBP1c mature through activation of
adenosine 5′-monophosphate (AMP)-activated protein kinase
(AMPK) or dissociation of SREBP cleavage-activating protein

FIGURE 2. Propofol downregulated DNL. (A) HT29 and CaCO2 cells were seeded in a 96-well plate overnight, followed by treatment with or
without propofol (10 μg/mL) for 1 h, and subsequent incubation with or without OA for another 72 h. CCK8 assay was employed to test cell
proliferation. Data was displayed as mean ± SD, n = 3, and one-way ANOVA was used to determine the difference. ****p < 0.0001. (B) the level
of MuFA was measured in supernatant from HT29 and CaCO2 cells received with or without propofol treatment for 72 h. Data was listed as
mean ± SD, n = 3, statical difference was determined using a two-sample t test. **p < 0.01, ***p < 0.001. (C) the total RNA was isolated in HT29
and CaCO2 cells treated with or without propofol using RNAiso Plus according to the manufacturer’s protocol. Realtime PCR was employed to
detect indicated gene expression. Data was displayed as mean ± SD, n = 3, and the difference was determined by a one-sample t test. **p < 0.01,
***p < 0.001. (D) the whole protein was harvested in HT29 and CaCO2 cells treated with or without propofol using a loading buffer, and
immunoblotting was applied to examine indicated protein expression. The control group was normalized as 1, the band intensity was
quantified to determine the difference by one sample t test, n = 3, **p < 0.01, ***p < 0.001. (E) oil-red staining was used to detect lipid
droplet in BGC823 cells treated with propofol for 24 h, the quantitation was performed as described in materials and methods. Two
sample t-tests were used to determine the differences. n = 4. ***p < 0.001.
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(SCAP)/SREBP1c complex; in addition to SREBP1c, whether
there is another critical transcription factor modulated
lipogenesis in propofol-mediated cell proliferation inhibition,
such as Kruppel-like factor 2 (KLF2).

Conclusion

In conclusion, in this current study, we have revealed that
propofol served as an antitumor function by suppressing
DNL in CRC cells. This finding not only provided further

support for the strategy for anesthetic agents used in clinics
but also enriched the novel function of propofol.
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