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Abstract

Colorectal cancer (CRC) is the third most diagnosed cancer in the western world, affecting 1 out
of approximately 22 people in their lifetime. Several epidemiological studies suggest a positive
association between high plasma cholesterol levels and colorectal cancer. However, the molecular
mechanisms by which cholesterol may alter the risk of colorectal cancer (CRC) are ill-defined as
the cholesterol lowering drugs statins do not appear to decrease a patient’s risk of developing
colorectal cancer. Cholesterol is metabolized to active derivatives including cholesterol oxidization
products (COP), known as oxysterols, which have been shown to alter cellular proliferation. These
metabolites and not cholesterol per se, may therefore affect the risk of developing colorectal
cancer. The cholesterol metabolite or the oxysterol 27-hydroxycholesterol (27-OHC) is the most
abundant oxysterol in the plasma and has been shown to be involved in the pathogenesis of several
cancers including breast and prostate cancer. However, the role of 27-OHC in colorectal cancer
has not been investigated. We treated Caco2 and SW620, two well characterized colon cancer cells
with low, physiological and high concentrations of 27-OHC, and found that 27-OHC reduces
cellular proliferation in these cells. We also found that the effects of 27-OHC on cell proliferation
are not due to cellular cytotoxicity or apoptotic cellular death. Additionally, 27-OHC-induced
reduction in cell proliferation is independent of actions on its target nuclear receptors, liver-X-
receptors (LXR) and estrogen receptors (ER) activation. Instead, our study demonstrates that 27-
OHC significantly decreases AKT activation, a major protein kinase involved in the pathogenesis
of cancer as it regulates cell cycle progression, protein synthesis, and cellular survival. Our data
shows that treatment with 27-OHC substantially decreases the activation of AKT by reducing
levels of its active form, p-AKT, in Caco2 cells but not SW620 cells. All-together, our results show
for the first time that the cholesterol metabolite 27-OHC reduces cell proliferation in colorectal
cancer cells.
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1. Introduction

In the United States, Colorectal Cancer (CRC) is the third most diagnosed cancer, affecting
1 out of approximately 22 people in their lifetime. Globally, it is the third most common
type of cancer, leading to an estimated 1.4 million patients being diagnosed in 2016 [1] with
more than 600,000 deaths [1, 2]. There are several risk factors for CRC including age [3],
family history of polyps [4], alcohol consumption [5], consumption of westernized diet [6,
7], and inflammatory bowel disease [8]. Cholesterol has also been considered a risk factor
for cancer, but data about the involvement of cholesterol levels in CRC are still
controversial. Several epidemiological studies suggested that higher cholesterol levels were
associated with increased risk of developing cancer [9]. Several studies have shown that
lowering cholesterol levels with statins, reduced the risk of some cancers [10]. Specifically
in CRC, an observational study found a decreased risk of CRC with statin therapy [11, 12].
However, other recent studies reported that lower cholesterol levels are associated with an
increased risk of CRC [13].

Cholesterol is a precursor to several important molecules such as bile acids, steroid
hormones, vitamin D, and oxysterols. Oxysterols are cholesterol oxidation products formed
by the addition of a polar group such as hydroxyl, keto, or epoxy groups [14, 15]. Oxysterols
are not only metabolites that regulate cholesterol concentrations, but active molecules that
regulate several functions including plasma membrane permeability and signal transduction
[16], apoptosis [17, 18], and immune system [19-21]. The most abundant oxysterol in the
plasma is 27-hydroxycholesterol (27-OHC) [22]. 27-OHC is a macrophage synthesized
cholesterol metabolite that can enhance inflammation in macrophages which are detected in
abundance in atheromatous lesions [23]. Multiple lines of study have demonstrated that
cholesterol-enriched diets increase plasma 27-OHC levels [24-29]. This increase in plasma
27-OHC upon high cholesterol diet feeding was observed despite significant heterogeneity
in these studies with regards to the relative fraction and percentage of cholesterol content
present in the respective diets used in these studies that varied from 0.25% to 2.0% wi/w.
Furthermore, this phenomenon of high cholesterol diet-induced increase in 27-OHC was
recapitulated in different animal species that included rabbits [24], rats [29], mice [26-28],
as well non-human primates [25]. 27-OHC is a ligand for liver-X-receptor (LXR), a nuclear
receptor that has a variety of functions [30]. For the last decade, 27-OHC has also been
shown to act as a selective estrogen receptor modulator (SERM) [31-33]. This discovery
implicated 27-OHC in ER-positive carcinogenesis in breast cancer [27]. We and others have
also demonstrated that 27-OHC can be deleterious in prostate cancer cells [34, 35].
However, because cholesterol metabolism is suspectedto influence a variety of cancer
progression, little is known about 27-OHC involvement in CRC. We determined in the
present study the effects of 27-OHC on cell proliferation in two major cell line models for
CRC, Caco2 and SW620 cells. We also determined the extent to which 27-OHC effects
involve LXR, ER and the AKT pathway.
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2. Material and Methods

2.1. Materials:

Caco2 cells (cat # HTB-37™), MTT Cell Proliferation Assay (cat # 30-1010K), and SW620
cells (cat # CCL-227™) (ATCC, Manassas, VA). DMEM media, Leibovitz’s L-15 media,
100U/ml penicillin, 100ug/ml streptomycin, and 0.25ug/ml amphotericin (Life
Technologies, Carlshad, CA). FBS (Atlanta Biologicals, Flowery Branch, GA). GW3965
(cat # 2474), 27-hydroxycholesterol (cat # 3907), and estradiol (cat # 2824) (R&D systems
from Minneapolis, MN). 6a.-epoxycholesterol-3-sulfate (cat # C4136-000) (Steraloids,
Newport, RI). Afuresertib (cat # 17988) (Cayman Chemicals from Ann Arbor, MI). CytoTox
96® non-radioactive cytotoxicity assay kit (cat # G1782) and DeadEnd Fluorometric
TUNEL assay kit (cat # G3250) (Promega, Valencia, CA). Hard Set mounting medium with
DAPI (cat # H-1500) (Vector Laboratories, Burlingame, CA). DNase (cat #AM2222), Alexa
Fluor 594nm (cat #A11037), Halt™ proteases and phosphatase inhibitor cocktail (cat
#78446) (Fisher Scientific, Hampton, NH). Immun-Blot® PVDF membrane for protein
blotting (cat # 1620177), Clarity™ Western ECL substrate (BioRAD, Hercules, CA). The
antibodies used in this study are included in Table 1 below.

2.2. Cell Culture:

Caco2 non-metastatic cells were grown in DMEM media containing 10% FBS. SW620
metastatic cells were grown in Leibovitz’s L-15 containing 10% FBS. 100U/ml penicillin,
100ug/ml streptomycin, and 0.25ug/ml amphotericin were added. Cells were maintained at
5% CO» at 37°C. Cells were treated with (0, 0.5, 1, 10, 50, or 100 pM) 27-
hydroxycholesterol (27-OHC), 2nM estradiol (E2), 100nM ICI 182 780, 10uM GW3965,
and/or 10uM of 5a—6a-epoxycholesterol-3-sulfate (ECHS). Circulating 27-OHC levels are
0.15-0.73 pM, and these concentrations can be in the millimolar range in some pathological
situations such as atherosclerosis [14]. Our study was approved by the Institutional
Biosafety Committee of the School of Medicine at the University of North Dakota.

2.3. MTT assay:

14,000 cells were seeded in a 96-well plate and grown overnight. Next morning, different
concentrations of 27-OHC (0-300 pM) was added and incubated for 24hrs. After 24hrs,
MTT assay was performed following manufacture’s protocol. Briefly, 10ul of MTT reagent
was added and cells were incubated at 37°C until purple precipitate formed (2—4hrs). Media
was removed and 100ul of detergent reagent was added and was incubated at room
temperature in dark for 2 hours. Plate was read using a microplate reader at 570nm. Ethanol
(ETOH) was used as a vehicle control with treatment was made to 1 and the other samples
were normalized to the ETOH treatment and the fold change was determined.

2.4. LDH assay:

14,000 cells were seeded in a 96-well plate and grown overnight. Next morning, different
concentrations of 27-OHC (0-300 pM) was added and incubated for 24hrs. After 24hrs,
LDH assay was performed using CytoTox 96® non-radioactive cytotoxicity assay following
manufacture’s protocol. 50ul aliquots of media were transferred to a new 96-well plate and
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50ul of CytoTox 96® Reagent was added for 30 minutes in the dark at room temperature.
50ul of Stop solution was added and the absorbance was read at 490nm. Ethanol treatment
was made to 1 and the other samples were normalized to the Ethanol treatment and the fold
change was determined.

2.5. TUNEL assay:

2.6.

To measure apoptosis, TUNEL assay was performed using DeadEnd Fluorometric TUNEL
assay following manufacturer’s protocol. Cells were fixed with 4% formaldehyde on a cover
slip and permeabilized with 0.2% triton X-100 solution. The cells were then incubated with
terminal deoxynucleotidyl transferase, fluorescein-12-dUTP for 1 hour at 37°C in the dark.
The slides were mounted using DAPI containing solution to stain the nuclei. The slides were
then visualized with a fluorescence microscopy. DNase was used as a positive TUNEL
control.

Immunofluorescence:

100,000 cells were seeded on a coverslip and were rinsed with PBS and fixed and
permeabilize with 4% formaldehyde, 0.1% triton X-100 in PBS. The coverslips were
blocked with 10% goat serum. Primary antibody was added overnight at 4°C with anti-
estrogen receptor alpha (see table 1) at 1:100 dilution. The estrogen receptor alpha was
conjugated with Alexa Fluor 594nm and was mounted with Hard Set mounting medium with
DAPI. Slides were visualized using Zeiss LSM-510 Meta Confocal Microscope.

2.7. Western Blotting:

Cells were harvested by a PBS wash and the addition of RIPA buffer with Halt™ proteases
and phosphatase inhibitor cocktail followed by spinning at 14,0009 for 10 minutes at 4°C.
The supernatant was then used for further processing. Bovine Serum Albumin (BSA) assay
used to quantify the protein concentrations of the lysates using standard protocol. 10ug to
35ug of sample were separated using a 10 percent SDS-PAGE gels and transferred to a
PVDF membrane. The membrane was incubated with antibodies (See table 1). The
membrane was then exposed to Clarity™ Western ECL substrate. The blots were then
visualized using Omega Lum™ G imaging system (Aplegen). Quantification of the bands
developed through densitometry using Image J software

2.8. Statistical analysis:

All the assays were performed in triplicates. The level of significance was determined using
either unpaired t-test or one way analysis of variance (one-way ANOVA). Post-hoc Tukey
test was used to determine statistical significance. Statistical testing was performed using
GraphPad Prism software 7. All data is presented as a mean £ SEM. The values of treated
cells are relative to control.
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3. Results

3.1. 27-OHC decreases cell proliferation in colon cancer cell lines

Two colon cancer cell lines were utilized, non-metastatic Caco2 and metastatic SW620. To
determine the role of 27-OHC in CRC, cell proliferation was measured after different
concentrations of 27-OHC for 24 hours using a MTT assay. We found that concentrations at
and above 10uM that there was a significant decrease in cell proliferation relative to vehicle
control (Figure 1A and 1B). To determine whether this decrease in cell proliferation is
associated with cellular cytotoxicity, LDH assay was performed in both cell lines. We found
that the 27-OHC induced decrease in cell proliferation and cell viability was not associated
with cell death or cytotoxicity at physiological concentrations, in both the Caco2 cells and
SW620 cells. We subsequently determined whether it was possible to elicit cytotoxicity in
these cells with 27-OHC. We found that 27-OHC, at higher supra-physiological
concentration of 300uM, did cause cell death in Caco?2 cells, but not SW620 cells (Figure 1C
and 1D). Our data suggests that the 27-OHC induced decrease is cell proliferation and cell
viability is not a result of cellular cytotoxicity.

To determine whether the reduction in cell proliferation emanates from significant cell death
following treatment with 27-OHC, a Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) assay was performed. This assay detects DNA fragmentation and
represents a characteristic hallmark of apoptosis. Our data shows that at concentrations that
reduce cell proliferation, 27-OHC doesn’t induce apoptotic cell death in either Caco2
(Figure 2A) or SW620 (Figure 2B) cells, suggesting that the reduced cell proliferation by
27-OHC is not due to apoptotic cell death.

3.2. 27-OHC decreases cell proliferation independently of ER or LXR activation

We determined the protein levels of 27-OHC receptors, ERap and LXRaf, in 27-OHC

treated Caco2 and SW620 cell lines. Our data shows that both cell lines express ER and

LXR both isoform a and B. Protein levels of LXRa, LXRp, ERa, and ERp didn’t differ
between vehicle and 27-OHC treatments (Figure 3A-D).

To determine the extent to which 27-OHC effects on cell proliferation and cell viability
emanate from effects on LXR or ER, we treated cells with agonists and antagonists of ER
and LXR. We found that while 27-OHC reduces cell proliferation and cell viability, neither
the ER agonist estradiol (E2) nor the ER antagonist ICI 182 780 affects cell proliferation and
cell viability; as well neither LXR agonist GW3965 nor the LXR antagonist ECHS affected
cell proliferation and cell viability in Caco2 cells (Figure 4A) or in SW620 cells (Figure
4B). Since changes in cellular viability and cellular proliferation are associated with changes
in cytotoxicity and given that we did not observe changes in cellular viability and cellular
proliferation with the with agonists and antagonists of ER and LXR, as determined by MTT
reduction assay (Figure 4A, 4B), we did not determine cell death or cytotoxicity exhibited
by these agonists and antagonists of ER and LXR. Furthermore, as the LXR agonist and the
LXR antagonist, GW3965 and ECHS respectively, did not cause any changes in cell
proliferation and cell viability (Figure 4A, 4B), it was necessary to establish that the LXR
transcriptional machinery was responsive in Caco-2 as well as SW620 cells, and that the
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lack of effects of 27-OHC on LXR transcriptional activity were indeed valid and not a
consequence of unresponsive LXR transcriptional machinery. To this end, we determined the
effects of the LXR agonist, GW3965, on the expression of LXR target genes, ABCA1 and
ABCG1 (Figure 4C—-4F). Our data shows that the concentration of GW3965 used (10uM) is
above the minimal effective concentration to induce LXR target genes, ABCA1 and
ABCG1, as determined by immunoblotting and densitometric analysis (Figure 4C—4F).
While the LXR agonist, GW3965, upregulated the protein levels of the ABCAL and ABCG1
in Caco2 cells, but exclusively ABCG1 in SW620 cells (Figure 4C-4F), the LXR antagonist,
ECHS, did not downregulate the protein levels of ABCA1 or ABCG1 in Caco2 and SW620
cells (Figure 4C-F). Interestingly, GW3965 at the same aforementioned concentration
(10uM) did not affect cell viability and cell proliferation as determined by the MTT
reduction assay in Caco2 and SW620 cells (Figure 4A, 4B). This data suggests that the LXR
is transcriptionally responsive and that the concentration of GW3965 (10uM) is above the
minimal effective concentration to activate LXR, while not inducing any changes in cellular
proliferation and cell viability. To further verify whether the 27-OHC-induced effects on cell
proliferation are associated with LXR activation, we determined the expression levels of
LXR target genes, ABCA1 and ABCGL1 in 27-OHC treated cells. 27-OHC did not
upregulate the expression levels of LXR target genes, ABCA1 and ABCGL1 in Caco2 and
SW620 (Figure 4C-4F), while eliciting cell proliferation and cell viability changes (Figure
4A, 4B). Our data suggests that the 27-OHC-induced decrease in cell proliferation and cell
viability is independent of LXR activation.

Analogously, as the ER agonist and the ER antagonist, estradiol (E2) and ICI 182780
respectively, did not cause any changes in cell proliferation and cell viability (Figure 4A,
4B), it was necessary to establish that the ER transcriptional machinery was responsive in
Caco-2 as well as SW620 cells. We determined the integrity of the ER transcriptional
activity in the Caco2 and SW620 cell-lines, using estradiol (E2) as the positive control for
ERa activation. We determined the estradiol-induced nuclear localization of ERa as a
degree of ER activation as well as a measure for demonstrating that ER signaling is
responsive in these cell-lines. We found that estradiol (2nM), elicited a pronounced
translocation of ERa from the cytosol into the nucleus in Caco2 cells (Figure 5A, arrows),
demonstrating that the ER signaling is responsive in these cell-lines as well as the
concentration of estradiol is above the minimal effective concentration. Conversely to Caco?2
cells, in SW620 cells treated with E2, the ERa did not translocate into the nucleus and
remained distributed in the cytoplasm (Figure 5B). Treatment with 27-OHC or with the
vehicle did not elicit any effect on ERa translocation from the cytosol into the nucleus in
either Caco2 or SW620 cells (Figure 5A, 5B), thereby demonstrating that 27-OHC elicited
no effects on the activation status of ER. Our data suggests that the 27-OHC-induced
decrease in cell proliferation and cell viability is independent of ER activation.

3.3. AKT signaling may be involved in Caco2 but not SW620 cells

Because AKT is a signaling molecule involved in regulating cellular proliferation, we
determined the extent to which AKT signaling is involved in the 27-OHC-induced decrease
in cell proliferation. We determined the protein levels of the activated, phosphorylated form
of AKT (p-AKT at serine 473), along with AKT levels. Our data shows a significant
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decrease in p-AKT and increase in total AKT levels in Caco2 cells treated with 27-OHC
compared to vehicle treatment (Figure 6A-B). In SW620 there was no significant difference
in p-AKT or AKT levels (Figure 6A-B). To determine the functional consequence of the 27-
OHC-induced reduction in p-AKT levels, we determined whether AKT inhibition effects
cell proliferation and cell viability. To this end, we used a pan AKT inhibitor, Afuresertib
[36, 37] that competitively inhibits AKT kinase activity. We found that the AKT inhibitor,
Afuresertib, significantly decreases proliferation and cell viability of Caco2 cells as
determined by MTT reduction assay (Figure 6C). Furthermore, we found that the AKT
inhibitor, Afuresertib, caused a decrease in total AKT levels as determined by
immunoblotting and densitometric analysis (Figure 6D, 6E). Our data shows that AKT
activation plays a critical role in cell proliferation and cell viability of Caco2 cells and could
be an underlying target of the 27-OHC-induced decrease in cell proliferation and cell
viability

4. Discussion

In this study, we determined the effects of the oxysterol 27-OHC on cell proliferation in
Caco2 and SW620 colorectal cancer cells. The MTT assay shows that while physiological
concentrations of 27-OHC didn’t affect proliferation, supra Physiological concentrations
(10, 50 and 100uM) substantially reduced basal cell proliferation. The reduction in cell
proliferation with 27-OHC is not associated with cytotoxicity or apoptotic cell death. The
effects of 27-OHC on proliferation appear to be independent of its cognate receptors LXR or
ER. We also show that in Caco2, but not SW620 cells that the reduction in cell proliferation
is associated with a decrease in p-AKT levels. We also show that using an AKT inhibitor
significantly decreased cellular proliferation.

27-hydroxycholesterol is the most abundant oxysterol in the plasma [22]. Several studies
implicated this oxysterol in several different types of cancers including breast and prostate
cancers [34, 38, 39]. Oxysterols have been also involved in several diseases, such as
atherosclerosis [40], Alzheimer’s disease [41, 42], and Huntington disease [43]. Oxysterols
play a role in cancer cell proliferation both through proproliferative and antiproliferative
effects depending on the oxysterol and the type of cancer. Similar to our findings with 27-
OHC, the oxysterol 7-beta hydroxycholesterol has been showed to decrease cell proliferation
in Caco? cells [44]. Additionally, treatment with Caco2 cells with another oxysterol, 25-
hydroxycholesterol, led to increased IL-8 and IL-1p levels [45]. However, there has been no
study investigating the role of 27-OHC in cell proliferation in colorectal cell lines as this
oxysterol in the plasma.

Colorectal Cancer can develop after periods of chronic inflammation, such as inflammatory
bowel diseases including Crohn’s disease [8]. Oxysterols have been shown to be involved in
both innate and adaptive immunity. Oxysterols increase inflammatory cytokines and
chemokines such as TNF-a, II-1B, 11-8. Oxysterols synthesis is a component of the
regulatory network that modulates the extent of innate immune reactions as well as the
nature and intensity of adaptive responses [46], and inhibition of 25-hydroxylase in
macrophages increased IL-1 via SREBP downregulation [21]. 25-hydroxycholesterol has
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also been shown to regulate B cell proliferation and IgA levels [19]. 27-hydroxycholesterol
has also been shown to inhibit viral infections [20].

27-OHC has been shown to act as a selective estrogen receptor modulator (SERM) [31-33].
There appears to be protective association between hormone replacement therapy and
colorectal cancer, specifically through activation of ERB [47]. For example, transfection of
colon cancer line SW489 with ER resulted in a decrease in cell proliferation and cell cycle
arrest with xenografts weighing 70% less than control [48]. 27-hydroxycholesterol is also a
ligand for liver-x-receptor [30]. Liver-x-receptor are known to play a role in colon cancer
progression. Indeed, it has been shown that LXR activation through addition of the agonist
GW3965 reduced proliferation in human colorectal cancer HT29 cell line [49], however, this
effect was not seen in Caco2 or SW620 cells. Administration of the LXR specific agonist,
GW3965 also significantly reduced expression of proliferation in mouse colon [50].

Our results also demonstrate that treatment with the ER agonist estradiol did not influence
cell proliferation in both cell lines, suggesting that 27-OHC-induced cell proliferation in
CRC cells is independent of effects on ER. Previous studies showed that, E1, but not E2,
significantly decreases proliferation when added exogenously to the colonic epithelial cell
line, SW620 cells [51]. In different cell models however, 27-OHC has been shown to
increase proliferation in endometrium through ER and LXR pathways [52]. Although we
show a decrease in cell proliferation, the cellular mechanisms by which 27-OHC affects
proliferation is yet to be determined. As the effects of 27-OHC on proliferation appear to be
independent of 27-OHC receptors, LXR and ER, other signaling pathways such as the AKT
pathways mat be involved in 27-OHC effects. We show a decrease in p-AKT levels
following 27-OHC treatment in Caco2 not SW620 cells. Our current results are in
accordance with previous data showing reduced p-AKT levels in organotypic hippocampal
slices from mice incubated with 27-OHC [53] and other labs that showed that 27-OHC leads
to a decrease in p-AKT levels [54]. In other cell models however, such as macrophages and
lymphocytes, 27-OHC has been shown to increase p-AKT levels [55, 56]. We further show
that there was a decrease in total AKT levels with afuresertib and a decrease in cellular
proliferation, suggesting that AKT may be mediating the decrease in cell proliferation in
Caco2 cells. Whether effects on p-AKT mediate 27-OHC effects on cell proliferation in
Caco?2 cells is still to be confirmed and cellular mechanisms mediating 27-OHC-induced
proliferation in SW620 cells identified. Emerging evidence has shown that cholesterol
oxidation products and dietary oxysterols induce inflammation in the colonic epithelial cells,
thereby disrupting tight junctions and compromising the “physical barrier” functional aspect
of the colonic epithelial cell physiology. In light of these findings, future studies are
warranted to determine the effects of 27-OHC on molecular and transcriptional mechanisms
that mediate migration and invasiveness of colon cancer. Our current on-going work is also
delving into the effects of 27-OHC on the mechanisms that underlie phenomenon of
epithelial-mesenchymal transition which could be as a result of loss of tight junctions and
barrier integrity

Biochimie. Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Warns et al.

Page 9

5. Conclusion

In conclusion, our results suggest that at high concentrations of 27-OHC, similar to those
found in conditions such as atherosclerosis, may confer protection by reducing cell
proliferation in vitro. To the best of our knowledge, our results are the first to demonstrate
such results in Caco2 and SW620 colorectal cell models. We also show that the 27-OHC
effects are not associated with cytotoxicity or apoptotic cell death. The decrease in cell
proliferation we demonstrate appears to be independent of effects on activation of LXR and
ER, the two type receptors to which 27-OHC binds to. Such data suggest that cellular
mechanisms other than the genomic pathways downstream to ER and LXR activation is
involved in the 27-OHC effects. Further studies are needed to identify these cellular
mechanisms to increase our understanding of the potential role of the endogenous
cholesterol oxidation product 27-OHC in the etiopathogenesis of CRC.
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27-OHC 27-hydroxycholesterol

ABCA1 ATP-binding cassette, sub-family A, member 1
ABCG1 ATP-binding cassette, sub-family G, member 1
AF Afuresertib

BSA Bovine Serum Albumin

COP cholesterol oxidation products

CRC Colorectal Cancer

DMSO dimethyl sulfoxide

ECHS 5a—-6a-epoxycholesterol-3-sulfate

E2 Estradiol

ER Estrogen Receptors

ETOH Ethanol

Biochimie. Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Warns et al. Page 10
GW GW3965
LDH Lactate dehydrogenase
LXR Liver X Receptor
MTT 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
SERM Selective Estrogen Receptor Modulator
SDS-PAGE sodium dodecyl sulfate polyacrylamide gel electrophoresis
TUNEL Terminal deoxynucleotidyl transferase dUTP nick end labeling
Veh Vehicle
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Highlights:

27-OHC decreases cell proliferation in Colon Cancer cells

27-OHC decreases cell proliferation independently of ER and LXR activation.

27-OHC leads to a decrease in p-AKT in Caco?2 cells but not SW620 cells
27-OHC differentially affects colon cancer cells

Article 02: Untitled
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Figure 1.

27-hydroxycholesterol decreases cell proliferation in Caco2 and SW620 cells. MTT assay
(A and B) and LDH assay (C and D) show that 24 hours treatment with 27-OHC reduces
cell proliferation and does trigger cellular cytotoxicity in Caco2 at 300uM but not in SW620
cells respectively. Results are fold change relative to vehicle control. **p <0.01,
***p<0.001.
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Figure 2.
27-OHC treatment doesn’t cause apoptotic cell death. TUNEL assay shows that treatment

for 24h with 27-OHC doesn’t trigger cell death in Caco2 cells (A) or SW620 cells (B).
DAPI (blue) is a counter stain for nuclei and green represents TUNEL incorporation. DNase
was used as positive TUNEL control. Bar=100pm.
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Both Caco2 and SW620 cells express ER and LXR. Western blot analysis show that both
Caco2 (A) and SW620 (C) cells express ERa, ERB, LXRa and LXRp isoforms. Optical
density analysis shows that the protein levels of ERa, ERB, LXRa and LXR is similar in
both vehicle and 27-OHC (10uM) -treated cells in Caco2 (B) and SW620 (D) cells. There
was no significant difference between vehicle treated and 27-OHC treated for all groups.

Biochimie. Author manuscript; available in PMC 2019 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Warns et al. Page 18

>
w

1.51 1.5-

T T L * % *
1.0 | 3 % | '|' *kk
| | i
0.5 | 0.5 1 ?
| | il BRE
| Il
0.0 i i | |
X s 0.0" T T T
O
> Q> QC‘) 9

Veh 27-OHC GW ECHS D. Veh 27-OHC GW ECHS
ABCGl—————————___ ABCGl———

/o o e

fold change

cell proliferation
fold change
=
o
1
—
*
*
*
—
—
%
*
P *
* ¥
4 X
il
*
* *
— ¥
*
cell proliferation

ABCA1 === . . ABCAIEEESSSESES
Actin —=—— S Actin —w—w— ereearwna 42kDa

E F

o0

37 % mABCG1 * m ABCG1
7 = ABCA1

*
»
o

W ABCA1

Protein/actin fold change

Protein/actin fold change

Figure 4.
While 27-OHC reduces cell proliferation in Caco2 (A) and SW620 (B) cells, treatments with

either the ER agonist E2, the ER antagonist ICI 182 780, the LXR agonist GW3965 (GW),
or the LXR antagonist ECHS didn’t affect cell proliferation either when administered alone
or in presence of 27-OHC (10 puM). Western blots and optical density analysis show that
treatment with the LXR agonist GW3965 increased the protein levels of ABCG1 and
ABCAL, downstream target proteins to LXR activation, in Caco2 (C,E) and increased
ABCGL1, not ABCAL, in SW620 cells (D,F). *p <0.05, ** p<0.01, and *** p<0.001. All
data is fold change relative to vehicle control.
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Figure 5.
27-OHC didn’t lead to ER alpha translocation to the nucleus. Treatment with estradiol (E2)

leads to ERa. translocation into the nucleus of Caco2 (A, white arrows) but not SW620 (B)
cells. Treatment with either vehicle or 27-OHC didn’t lead to nuclear localization of ERa as
evidenced by the presence of immunoreactivity to ERa antibody (red) in the cytoplasm but
not in the nucleus (counter stained with DAPI (blue) in Caco2 (A) and SW620 (B) cells.
Bar=10pm.
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Figure 6.
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27-OHC decreases p-AKT. Western blot analysis (A) and optical density analysis (B)
showing reduced levels of active p-AKT in Caco2 but not in SW620 cells following
treatment with 27-OHC (10uM). Treatment with the AKT inhibitor afuresertib (AF) led to a
decrease in cell proliferation in Caco?2 cells as shown with an MTT assay compared to
untreated (UT) or vehicle treated (Veh) cells (C). A representative Western blot (E) and
optical density analyses (F,G,H) showing an increase in p-AKT and a decrease in AKT

levels with afuresertib in Caco2 cells. * p<0.05; **p < 0.01.
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Antibodies and their sources and applications used in the present study.

Table 1.

Name Catalog # Species Application
ABCAl Novus biologicals: 105SS Rb Western Blotting
ABCG1 | Thermo Fisher: PA5-13462 Rb Western Blotting

Actin Santa Cruz: sc-47778 Rb Western Blotting

AKT Cell Signaling 9272S Rb Western Blotting
p-AKT Cell signaling 4060S Rb Western Blotting

ERa Santa Cruz: sc-787 Ms Western Blotting

ERa Thermo Fisher: PA5-16440 Rb Immunofluorescence

ERPB Thermo Fisher: PA1310B Rb Western Blotting

LXRa Thermo Fisher: PA1330 Rb Western Blotting

LXRa Thermo Fisher: PA1333 Rb Western Blotting
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