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ABSTRACT

Effect of the Adiponectin Signaling Pathway on Plasma Membrane Order

Kyung Ho Jung
Department of Biochemistry and Biophysics
Texas A&M University

Research Advisor: Dr. Robert S. Chapkin
Department of Nutrition
Texas A&M University
Cancer is the second leading cause of death in the world. It is responsible for 16% of

death around the world, making it a major health concern in the 21th Century. Approximately,
18.1 million people were diagnosed with cancer in 2018 alone and the numbers are projected to
increase even further. Among the major types of cancer, colorectal cancer is the third most
prevalent and deadliest cancer type. It is promising to note that up to 75% of colorectal cancer
cases could be prevented with dietary modifications, lifestyle changes, and regular screening.
Due to the highly preventative nature of the disease, it is critical to understand the mechanisms
behind colorectal cancer initiation and proliferation. Adiponectin is an adipose tissue-derived
adipokine, whose levels are inversely related to colorectal cancer. With the consensus in the
literature that obesity results in low circulating levels of adiponectin, a cancer risk factor, it is
pertinent to determine the mechanism by which adiponectin signals through its respective
receptors to affect cancer initiation. Recently, our lab showed that AdipoRon, a small-molecule
adiponectin receptor agonist, reduces plasma membrane order in a cholesterol-dependent
manner. Because cholesterol makes up almost 30% of the total lipids present in the plasma

membrane, its structural role and homeostasis is essential for proper signaling through the



plasma membrane. Because the plasma membrane serves as a nexus integrating intracellular
components that enable various fundamental cellular signaling, including cell proliferations, we
hypothesized that AdipoRon signals through AdipoR1 and AdipoR?2 to initiate cholesterol
mobilization from the plasma membrane, causing a decrease in membrane order. Moreover, we
hypothesized that disrupting adiponectin signaling through knocking out AdipoR1 and AdipoR2
would result in an increase in plasma membrane order. Here, we demonstrate that AdipoRon
decreases membrane order in a dose-dependent manner in WT HAP1 cells. Moreover, using both
confocal imaging and imaging flow cytometry, we show that disrupting adiponectin signaling by
knocking out either individual or both adiponectin receptors changes the order of the plasma
membrane. These findings are noteworthy because they may in part explain how adiponectin

protects against colorectal cancer in part by altering plasma membrane order.



CHAPTER1

INTRODUCTION

Cancer is the second leading cause of death in the world. It is responsible for 16% of
death around the world, making it a major health concern in the 21th Century. Approximately,
18.1 million people were diagnosed with cancer in 2018 alone and the numbers are projected to
increase even further. Among the major types of cancer, colorectal cancer is the third most
prevalent as well as the third deadliest cancer type (1). It is promising to note that up to 75% of
colorectal cancer cases could be prevented with dietary modifications, lifestyle changes, and
regular screening (2). Due to the highly preventative nature of this disease, it is critical to
understand the mechanisms behind colorectal cancer initiation and proliferation. The plasma
membrane of cells serves as a nexus integrating intracellular components that enable various
fundamental cellular signaling, including networks that regulate cell proliferation. Many studies
have observed that alterations in the biophysical properties of the plasma membrane correlate
with obesity-linked inflammation, metabolic disorders, altered T cell responses, and cell
proliferation (3-5). With regard to colorectal cancer, our lab has previously shown that
recombinant adiponectin and AdipoRon treatment reduces Lgr5* stem cell number in colonic
organoid cultures from healthy mice (6). With the consensus in literature that obesity results in
low circulating levels of adiponectin, it is pertinent to determine the mechanism by which
receptor-dependent adiponectin signaling (7-12) affects cancer initiation.

Adiponectin is an adipocytokine with a molecular mass of approximately 30kDa that is
produced and secreted by the adipose tissue (13-16). Circulating in plasma, adiponectin exists

predominantly in three major forms: trimer, hexamer, high molecular weight (HMW) multimer



(17-20) as well as a globular form in which the N-terminal tail is proteolytically cleaved (21,22).
Circulating levels of adiponectin in non-obese individuals range from 3 to 30 pg/mL while obese
individuals tend to exhibit a significant reduction in these levels (23). Because of its association
with colorectal cancer and obesity in general (6), understanding adiponectin signaling is crucial
in developing therapeutic strategies for the future.

Adiponectin predominantly signals through two major receptors, adiponectin receptor 1
(AdipoR1) and adiponectin receptor 2 (AdipoR2). These receptors are comprised of seven alpha-
helices that span the transmembrane region of the plasma membrane, similar to G protein-
coupled receptors (GPCRs). However, unlike GPCRs, the N-termini of AdipoR1 and AdipoR2
are oriented within the cytoplasm of the cell and the C-terminal tails reside in the extracellular
region (24). Congruent with low circulating level of adiponectin in obese individuals, AdipoR1
and AdipoR2 expression is lower in obese individuals (25,26). Based on the proposed crystal
structures of AdipoR1 and AdipoR2, AdipoRon, a synthetic orally active small-molecule
AdipoR agonist was discovered and utilized in various experiments to illustrate its protection
against obesity related diseases, inflammation, atherosclerosis, and other diseases (27). In order
to study the importance of AdipoR1 and AdipoR2 in adiponectin signaling, we utilized an
isogenic cell culture model with single and double knockouts of each adiponectin receptor to
modulate adiponectin-dependent signaling.

Recently, our lab showed that AdipoRon reduces plasma membrane order in a cholesterol
dependent manner (28). The plasma membrane is composed of a bilayer of lipids and
incorporated proteins, whose interactions are critical in order to propagate signals correctly from
the extracellular region to the cytoplasm of the cell (29). Because cholesterol makes up almost

30% of the total lipids present in the plasma membrane, its structural role and homeostasis is



essential for proper signaling through the plasma membrane (30). From this information, we
hypothesized that AdipoRon signals through AdipoR1 and AdipoR2 to initiate cholesterol
mobilization from the plasma membrane, causing a decrease in membrane order. Moreover, we
hypothesized that disrupting adiponectin signaling through knocking out AdipoR1 and AdipoR2
would result in an increase in plasma membrane order. Here, we demonstrate that AdipoRon
decreases membrane order in a dose-dependent manner in WT HAP1 cells. Moreover, using both
confocal imaging and imaging flow cytometry, we show that disrupting adiponectin signaling by
knocking out either individual or both adiponectin receptors changes actin polymerization,

cholesterol level in PM, ultimately affecting the order of the plasma membrane.



CHAPTER II

METHODS

Cell culture

HAPI is a near-haploid human cell line that was derived from the male chronic
myelogenous leukemia cell line KBM-7 (31). HAP1 cells (passages 6-18) were cultured under
regulated conditions; 37°C and 5% CO?2 in Iscove’s Modified Dulbecco’s Medium (IMDM)
(LifeTech 12440-053), supplemented with 10% fetal bovine serum (HyClone SH300084.03),
and 1% Penicillin/Streptomycin (LifeTech 15140-122). HAP1 cell lines were passaged every 2
to 3 days when ~75% confluency was obtained. HAP1 AdipoR1 KO and HAP1 AdipoR2 KO
cell lines were generated via CRISPR/Cas9-editing and were purchased from Horizon Discovery,
Ltd. Genomic DNA analysis was performed to validate CRISPR effectively knocked out
AdipoR1 and AdipoR2 individually in HAP1 cell line (Fig.S1). HAP1 AdipoR1 and AdipoR2
double knockouts were generated in our lab via CRISPR/Cas9 editing in HAP1 AdipoR2 KO
cells with a guide RNA directed toward exon 6 of AdipoR1. These cell lines were treated with 0,
1,5, 10,20 uM AdipoRon or a vehicle control, 0.1% dimethyl sulfoxide (DMSO) for 24 hours.
In addition, some cultures were incubated with SmM or 10mM methyl- B-cyclodextrin (MBCD)
for 30 min to deplete cholesterol from the plasma membrane as we have previously described
(32).
Giant plasma membrane vesicles (GPMYV) generation and isolation

GPMVs are rafts taken directly form the plasma membrane and only contains the lipid
bilayers and the embedded membrane proteins (33). Because they don’t contain other biological

components of the cell, it is an excellent model system to study the plasma membrane (34). Cells



were plated on 24 well plates and incubated at 37°C with 5% CO: for 24 h. Cells were then
treated with either different concentrations of AdipoRon or 0.1% DMSO for 24 h. GPMVs were
subsequently generated by washing each well with DPBS, followed by GPMV buffer (10 mM
HEPES, 100 mM NaCl, 2mM CacCl2) (35). Vesiculation buffer (50 mM PFA, 2mM DTT, and
GPMYV buffer) was added for at least 4 h at 37°C. The solution with GPMVs from each well was
transferred to a 1.7 mL tube and centrifuged at 100 X g for 2 min to remove excess cell debris.
The resultant GPMVs were either immediately used or stored at 4°C for use the following day.
Measuring membrane order in cells via confocal microscopy

Cells were plated in an eight-chamber cell-culture treated imaging plate (Eppendorf
0030742028) and incubated at 37°C with 5% CO: for 24 h. Cells were then treated with either
different concentrations of AdipoRon or 0.1% DMSO for 24 h. Prior to confocal microscopy,
media was removed and cells were washed once with live cell imaging solution (LCIS)
(Invitrogen #A14291DJ) and fresh LCIS was added to each well. 5uM Di-4-ANEPPDHQ (Di4)
was added directly to each well. Imaging was performed on a Leica DMi8 confocal microscope
immediately after addition of Di4 to prevent internalization of the dye. Cells were imaged with a
1.15 NA 40x plan Apochromat oil objective. A 488nm laser was used to excite Di4, and
emission wavelengths were collected in two channels representing ordered (O: 500-580 nm) and
disordered (D: 620-700 nm). Generalized polarization (GP) was calculated using the equation
below. Where G is a calibration factor determined using a solution of 500 uM Di4 in DMSO
following a procedure previously described (36).

Generalized polarization equation:

_ (Intensity (0) — (G x Intensity (D)))
 (Intensity (0) + (G x Intensity (D)))




Measuring membrane order in GPMVs via imaging flow cytometry

Imaging flow cytometry was performed via Amnis FlowSight. An aliquot (49 pL) of
isolated GPMVs were pipetted into a non-stick 1.7 mL tube (Phenix, MH-815SA). To
specifically observe plasma membrane order, Di4 dye was chosen for its low internalization
property (37). A 1 uL aliquot of 50 uM Di4 was added to the 49 pL of sample GPMVs to
ultimately make a 1 pM final concentration of the Di4 dye. The sample vial was held at room
temperature for 5 min prior to data collection of the sample. A 488 nm laser was used to excite
Di4, and emission wavelengths were collected in two preset channels representing ordered (O:
480-560 nm) and disordered (D: 640-745 nm). Due to the inability to acquire a calibration
image using this equipment, the G factor was omitted, and GP was calculated as stated above
using Amnis IDEAS software.
Measuring actin polymerization

Cells were plated in an eight-chamber cell-culture treated imaging slide (Eppendorf
0030742028) and incubated at 37°C with 5% COx for 24 h. Staining solution consisting of
1:1000 CellMask Green Plasma Membrane Stain (Invitrogen #C37608), 1uM SiR-actin
(Cytoskeleton #Cy-SCO001), Sug/mL Hoechst 3342 (Invitrogen #H3570), and live cell imaging
solution (Invitrogen #A14291DJ) was warmed to 37°C before use. Cells were washed with live
cell imaging solution then incubated with staining solution at 37°C for 30 min.
Lipid extraction from GPMVs

Cells were grown in a T-75 flask until 75% confluency was obtained. Cells were washed
with DPBS, followed by GPMV buffer. Vesiculation buffer (50 mM PFA, 2mM DTT, and
GPMV buffer) was added for at least 4 h at 37°C. GPMVs were harvested and centrifuged at

100 x g for 2 min at 4°C. Afterwards, the supernatant containing GPMV's were transferred to



low-retention 1.7 mL tubes, which were then centrifuged at 20,000 x g for 60 min at 4°C.
Supernatant was removed and the pellet was resuspended in 200 pL of methanol for each tube
and transferred to a 15 mL glass tube with a teflon screw cap. 2 mL of CHCl3 and 0.6 mL of cold
0.1 KCI was added and vortexed for 1 min. Samples were centrifuged at 2000 x g for 5 min at
4°C. The lower phase was transferred to another 4 mL glass vial. Extraction was performed twice
per sample, pooled, dried using N2 gas and re-dissolved in 1 mL of Folch (2:1, v/v,
chloroform/methanol).
Phosphate Colorimetric Assay

A 50 pL aliquot of each lipid extraction was taken and added to the bottom of a 13 x 100
mm glass tube (VWR #47729-572 or Fisher #14-961-27). 30 pL of a 10% Mg(NO3)2*6H20 was
added to the glass tube and gently mixed. Samples were dried using N2 gas. Individual tubes
were held over a flame for 30 seconds. 100 pL of 1N HCI were added to dissolve the sample,
and 400 pL of dH20 was added to the sample mix. Phosphate Colorimetric Assay Kit
(BioVision, K410) was used to measure phosphate levels in GPMVs. For this purpose, 200 puL of
each sample was incubated with phosphate reagent in the dark for 30 minutes at room
temperature. Absorbance was read at 650 nm using a plate reader.
Amplex Red Cholesterol Assay

Free and esterified cholesterol concentrations were determined using an Amplex Red
Cholesterol Assay Kit (Invitrogen #A12216) according to the manufacturer’s instructions. 100
pL were taken from ImL CHCIl3 containing lipid extract was pipetted into a low-retention 0.65
mL tube. Each tube was dried and extracted under N2 gas and re-dissolved in 210 pL of 1X
reaction buffer from the kit. A working solution consisting of 300 uM Amplex red reagent

containing 2 U/mL cholesterol oxidase and 0.2 U/mL cholesterol esterase was prepared for



measuring total cholesterol. No addition of cholesterol esterase prepared a working solution that
measures only free cholesterol. 50 pL of samples, cholesterol standards, and positive controls
were transferred to respective wells. 50 pL of total cholesterol working solution or free
cholesterol working solution were added to respective wells. Samples were mixed gently and
incubated in the dark at 37°C for at least 30 min. Fluorescence was measured using a
fluorescence microplate reader using excitation in the range of 530 — 560 nm and emission
detection at 590 nm. For each point, background fluorescence was corrected by subtracting the
values derived from the zero-cholesterol control.
Statistics

One-way analysis of variance (ANOVA) with Tukey’s multiple comparisons test was
used to assess statistical significance of the differences between means across experimental
treatments. All data are presented as mean + standard error of the mean (SEM). All analyses

were performed using Prism 8 statistical software (GraphPad).
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CHAPTER III

RESULTS AND DISCUSSION

Our lab previously observed that organoids treated with AdipoRon, a small molecule
adiponectin receptor agonist, reduced Lgr5" stem cell numbers suggesting that modulation of this
pathway may be beneficial in preventing the initiation of colorectal cancer (6). Our lab also
demonstrated that treatment with AdipoRon attenuated Wnt signaling in 3T3 mouse fibroblasts
containing a Wnt reporter (28). In addition, immortalized mouse colonocytes (YAMC cells)
treated with AdipoRon, exhibited a decrease in membrane order presumably as a result of free-
cholesterol depletion from the plasma membrane (28), indicating that AdipoRon may attenuate
Wnt signaling by changing the biophysical properties of the plasma membrane. However, to
date, there is no known mechanism to explain this phenomenon. We propose that AdipoRon
specifically signals through the adiponectin receptors, AdipoR1 and AdipoR2, to modulate lipid
content and thus the biophysical properties of the plasma membrane, which ultimately affects
Wnt signaling. Here, we show that AdipoRon decreases plasma membrane order in a dose-
dependent manner and establish a concentration at which AdipoRon elicits a response similar to
a physiologically relevant dose of adiponectin. We also show that under basal conditions,
AdipoR1 and AdipoR2 are integral to maintaining biophysical homeostasis within the plasma
membrane.

AdipoRon decreases membrane order in a dose-dependent manner

Treatment of AdipoRon has been shown to decrease plasma membrane order in YAMC

cells (28). This study utilized HAP1 cell lines due to the ease of genetic modification with this

cell line. Before investigating the effects of any genetic manipulations, the effect of AdipoRon
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on HAP1 WT cells was determined. For this purpose, HAP1 WT cells were seeded in a 24 well
plate and incubated for 24 h. Cells were then treated with either 0, 1, 5, 10, or 20 uM of
AdipoRon, 0.1% DMSO, or 10pg/mL adiponectin for 24 h. Physiologically relevant
concentration of adiponectin between 3pg/mL and 30 pg/mL was chosen for the study. A 30-min
treatment with either SmM or 10mM MBCD was used as a positive control for detecting changes
in membrane order, as MBCD removes cholesterol from the plasma membrane decreasing
membrane order (32). Untreated wells served as a negative control. GPMVs, which are
comprised solely of the plasma membrane (33) were then generated and Di-4-ANEPPDHQ (Di4)
was used to measure order of the plasma membrane. Because AdipoRon was dissolved in
DMSO, all data from AdipoRon treatments were normalized to the 0.1% DMSO treatment, while
adiponectin treatments were normalized to untreated samples. Incubation with AdipoRon
resulted in a dose-dependent decrease in membrane order in GPMVs (Fig. 1). It is also
interesting to note that the 10 uM AdipoRon treatment induced a similar decrease in membrane

order relative to the physiologically relevant 10pg/mL adiponectin treatment.
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Figure 1. Plasma membrane order for HAP1 WT GPMYVs decreases due to AdipoRon and adiponectin
treatments. AGP (sample-vehicle) values indicate a dose-dependent decrease in plasma membrane order due to 24-hour
AdipoRon treatment. Comparison between all means are p<0.0001 (n>1500 GPMVs).Adiponectin treatment values were
normalized to untreated samples while AdipoRon treatment values were normalized to 0.1%DMSO values (Table S1)
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AdipoRon signals specifically through AdipoR1 and AdipoR2 to modulate plasma
membrane order

In order to determine the extent to which AdipoRon signals through AdipoR1 and
AdipoR2 to modulate the biophysical properties of the plasma membrane, HAP1 cells lacking
either AdipoR 1, AdipoR2, or both receptors were treated with 10uM AdipoRon and membrane
order was measured after 24 h. R1KO cells exhibited a decrease in membrane order while R2KO
cells exhibited an increase in membrane order (Fig. 2), suggesting that, although the two
receptors have additive effects under basal conditions, when stimulated AdipoR1 and AdipoR2
elicit opposing effects on membrane order. In agreement with our hypothesis, the AdipoR

double knockout (R2R1KO) cells exhibited no significant change in membrane order as
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compared to WT. These data indicate that AdipoRon modulates the biophysical properties of the

plasma membrane via both AdipoR1 and AdipoR2.

0.10- p<0.001 p<0.05
p<0.05

0.05-

0.004+—L

-0.05+

WT R1KO R2KO R2R1KO

Figure 2. HAP1 whole cell confocal imaging comparing the effect of AdipoRon on plasma membrane order
AAGP ((sample-vehicle)-WT) values of HAP1 WT, AdipoR1 KO, AdipoR2 KO, and AdipoR2R1 double KO cells
treated with 10 uM AdinoRon for 24 h (n =9-10 fields of view). Values obtained can be seen in Table S2.

Generalized Polarization (AAGP)
((Sample - vehicle) - WT)

Disruption of AdipoR1 and AdipoR2 increases membrane order in intact cells

After confirming WT HAP1 GPMVs respond to AdipoRon in a similar manner as
YAMC GPMVs (26), the effect of each adiponectin receptor on membrane order was
investigated using single and double receptor knockout HAP1 cell lines—AdipoR1 KO (R1KO),
AdipoR2 KO (R2KO0), and AdipoR1/R2 KO (R2R1KO), respectively. Cells were imaged via
confocal microscopy. R1KO and R2KO cells exhibited a similar increase in membrane order
relative to WT, while R2R1KO cells had an increase in membrane order roughly double that of
the single knockouts (Fig. 3). These data suggest that both adiponectin receptors are involved in

homeostasis of plasma membrane order even in the absence of ligand. Moreover, the additive
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increase in membrane order for the AdipoR double knockout cell line (R2ZR1KO) suggests that

the two receptors have redundancy within the pathway.
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Figure 3. HAP1 whole cell confocal imaging comparing the effect of AdipoR knockout on plasma
membrane order. AGP (sample -WT untreated) values of untreated HAP1 WT, AdipoR1 KO, AdipoR2 KO, and
AdipoR2R1 double KO. (n = 5-10 fields of view). All values obtained can be found in Table S3.

Disruption of AdipoR1 and AdipoR2 decreases membrane order in GPMVs

Based on the increase in membrane order for intact cells, we hypothesized that GPMVs
would show a similar trend for plasma membrane order. In order to observe the effect AdipoR1
and AdipoR2 has on the plasma membrane in the absence of the cytoskeleton, the experiment
was repeated with the exception that GPMVs from each cell line were assayed using imaging
flow cytometry. Contrary to observations made from intact cells, GPMVs from the single and
double AdipoR KO cell lines exhibited a decrease in plasma membrane order relative to WT
(Fig. 4). This is presumably due to the lack of a cytoskeleton, suggesting that the cytoskeleton

may play a role in mediating both AdipoR1 and AdipoR2 effects on the plasma membrane.
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Figure 4. HAP1 GPMYVs imaging using flow cytometry comparing the effect of AdipoR knockout on plasma
membrane order. (A) AGP (sample -WT untreated) values of HAP1 WT, AdipoR1 KO, AdipoR2 KO, and AdipoR2R1
double KO illustrating the effect of the knockout itself on plasma membrane order. p < 0.0001 (n > 4500 GPMVs). Mean
values used to generate the graph can be found in Table S4.

Disruption of AdipoR1 and AdipoR2 increases actin polymerization in intact cells

Because the main difference between intact cells and GPMVs is the cytoskeleton, which
can also regulate plasma membrane order (38), the effect of disrupting adiponectin signaling on
actin polymerization was studied. Cells were imaged via confocal microscopy using SiR-actin to
assess actin polymerization (Fig. S5). While R1KO and R2KO exhibited no significant change
compared to WT, AdipoR double knockout (R2R1KO) cells exhibited a significant increase in
actin polymerization (Fig. 5). These data suggest that, under basal conditions, AdipoR1 and

AdipoR2 have redundant properties, in maintaining normal actin polymerization.
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Figure 5. HAP1 whole cell confocal imaging comparing the effect of AdipoR knockout on actin polymerization.
SiR actin fluorescence intensity values of untreated HAP1 WT, AdipoR1 KO, AdipoR2 KO, and AdipoR2R1 double KO
(n=158-302 cells). Mean intensity values can be found in Table S5.
Disruption of AdipoR1 and AdipoR2 alters cholesterol level in PM

To determine the effect of disrupting adiponectin signaling on cholesterol level in the
plasma membrane, lipid extraction of GPMVs, phosphate colorimetric assay, and Amplex red
assay were performed. R2KO showed a decrease in cholesterol level while R2R1KO had a slight
increase compared to HAP1 WT (Fig 6). This illustrates a potential role of AdipoR2 to regulate
cholesterol localization in the plasma membrane.

R1KO exhibited increase in plasma membrane order even when no significant difference
of actin polymerization and cholesterol levels compared to HAP1 WT was observed. This

illustrates that there are various other factors besides cytoskeleton and cholesterol concentration

that are altered following disruption of adiponectin signaling. Future investigations that look into

17



other changes such as lipid content of the plasma membrane are needed to further elucidate the

mechanism by which adiponectin signaling modulates plasma membrane order.
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Figure 6. Free cholesterol decreases in the absence of adiponectin receptor 2. WT HAPI cells, as well as lines
lacking either AdipoR1, AdipoR2, or both receptors were grown in a T-175 flask to ~80 confluency. Giant plasma
membrane vesicles (GPMVs) were generated and isolated. Lipids were extracted from GPMVs via Folch (2:1, v/v/,
chloroform/methanol) method. Free cholesterol concentrations were determined using an Amplex Red Cholesterol Assay
Kit. Cholesterol concentration was normalized to the phospholipid concentration using an inorganic phosphate assay.
Results are from a single assay. Raw values obtained can be found in Table S6.
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CHAPTER 1V

CONCLUSION

In this study, we observed the effects of both activation and disruption of adiponectin
signaling on the biophysical properties of the plasma membrane, e.g., membrane order, non-
esterified cholesterol levels. Here, we show that AdipoRon induces a dose-dependent decrease in
membrane order in HAP1 WT GPMVs. Membrane order in cell lines lacking either AdipoR1,
AdipoR2, or both receptors were examined in the presence or absence of AdipoRon and
compared to WT cells. Stimulation of adiponectin signaling via AdipoRon in whole cells
decreased membrane order in R1KO cells while increasing order in R2KO cells. It is
noteworthy, that no difference in membrane order was observed between the AdipoR double
knockout and WT following exposure to AdipoRon, indicating that this adiponectin mimetic
signals through AdipoR1 and AdipoR2 to modulate the biophysical properties of the plasma
membrane. Additionally, disruption of adiponectin signaling via adiponectin receptor knockouts
increased membrane order in intact cells, with AdipoR double knockout cells exhibiting a two-
fold increase in membrane order. This suggests that, under basal conditions, AdipoR1 and
AdipoR2 have redundant properties, affecting the plasma membrane in a similar manner.

Data from GPMVs, however, exhibited a substantial decrease in membrane order in all
adiponectin receptor knockout cell lines, showing opposite trends compared to intact cells.
Because GPMVs lack components of the cytoskeleton that are influential to the biophysical
properties of the plasma membrane, the effect of adiponectin signaling on actin polymerization
was examined. Our data showed that compared to WT, disrupting adiponectin signaling by

knocking out both adiponectin receptors increased actin polymerization while there were no
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significant differences in AdipoR single knockouts. This also suggests that, under basal
conditions, AdipoR1 and AdipoR2 have redundant properties in maintaining normal actin
polymerization (Fig. 7).

Perhaps most importantly, R1KO cells exhibited an increase in plasma membrane order
even when no significant difference in actin polymerization and cholesterol levels compared to
HAP1 WT was observed. This indicates that factors other than the cytoskeleton and or
cholesterol content of the plasma membrane could be contributing to the changes in biophysical
properties of the plasma membrane that are observed when adiponectin signaling is disrupted.
One potential key contributor could be a change in the sphingolipid content of the plasma
membrane (39,40). Future experiments that utilize mass spectrometry-based lipidomic are
needed to further assess whether the concentration of other lipid populations is altered in the

plasma membrane as a result of disrupted adiponectin signaling.
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Figure 7 Summary diagram highlighting the effect of both stimulating and disrupting adiponectin signaling.
AdipoRon and adiponectin treatment decreases membrane order in a dose-dependent manner. In comparison, disrupting
adiponectin signaling by knocking out Adiponectin receptors increased membrane order and altered both actin
polymerization and cholesterol levels in the plasma membrane.
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Understanding the relationship between colorectal cancer risk and adiponectin signaling
is a complex task. However, our data suggest that alterations in plasma membrane order via
modulation of the adiponectin signaling pathway may serve as a source of future therapeutic

approaches.
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SUPPLEMENTAL INFORMATION

Cell line validation

To validate each AdipoR single knockout cell lines, specific regions of DNA were
analyzed. AdipoR1 KO is known to have a 5 bp deletion mutation at Exon 4 (12,031-12,035)
while AdipoR2 KO is known to have a 5 bp deletion mutation at Exon 3 (81,845 — 81,849). To
verify these 5 bp deletions, forward, sequence, and reverse primers were designed. Although
standard primer design instructions were followed, such as more than 50% GC content, other
features including binding affinity, hairpin formation, self-dimerization calculations were
conducted via algorithms provided by the sequencing company GeneWiz. Annealing

temperatures used for PCR were 54°C for AdipoR1 and 60°C for AdipoR2.

A ATATGATGTGCTCCCTGACTGGCTAAAGGACAACGACTATCTGCTACATGGTCA

12,045
GTATACTACACGAGGGACTGACCGATTTCCTGTTGCTGATAGACGATGTACCAGT
horizon bp deletion
B ATGAAGCTCCTCAGGAAGATGAGGGCTTTATGGGCATGTCCCCTCTCTTACAAGC
B1,895

||||||r|1-|||||||||-|-|-|1|l||||rlr|1-l||-|||||r|1'|1|-||||||-lr

TACTTCGAGGAGTCCTTCTACTCCCGAAATACCCGTACAGGGGAGAGAATGTTCG
harizon deletion KO
Figure S1. Five base pair deletion sites for individual adiponectin receptors. (A) Five base pair deletion for

adiponectin receptor 1 located at Exon 4 (12,031 — 12,035). (B) Five base pair deletion for adiponectin receptor 2 located
at Exon 3 (81,845 — 81,849).
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HAPI

BF Ordered Disordered

Figure S2. AdipoRon decreases membrane order in a dose-dependent manner. Representative FlowSight image of
HAPI cells stained with Di4. Starting from the left, Brightfield (BF), Ordered, and disordered images are shown.

Table S2. AdipoRon decreases membrane order in a dose-dependent manner raw data. Raw values of HAP1 WT
treating with increasing concentration of AdipoRon.

Sample Mean GP Value SD N

Untreated -0.6016 0.0553 1669
0.1% DMSO -0.5644 0.0591 1802
1uM AdipoRon -0.5728 0.0646 1721
5uM AdipoRon -0.5733 0.0536 2070
10uM AdipoRon -0.6016 0.0643 2014
20uM AdipoRon -0.618 0.0673 1805
10ug/mL APN -0.6423 0.0452 1501
5SmM MBCD -0.7301 0.0246 1809
10mM MBCD -0.7144 0.0246 2174
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Table S3. HAP1 whole cell confocal imaging comparing the effect of AdipoRon on plasma membrane order.
(A) Raw values of four cell lines when treated with 0.1% DMSO. (B) Raw values of four cell liens when treated
with 10uM AdipoRon

WT R1KO R2KO R2R1KO
-0.166 -0.138 -0.16 -0.133
-0.186 -0.173 -0.157 -0.13

-0.24 -0.155 -0.203 -0.13
-0.256 -0.155 -0.194 -0.177
-0.192 -0.167 -0.195 -0.192
-0.197 -0.198 -0.218 -0.185
-0.202 -0.198 -0.3 -0.169
-0.217 -0.218 -0.267 -0.17
-0.232 -0.223 -0.269 -0.207
-0.218 -0.226 -0.286 -0.204

WT R1KO R2KO R2R1KO
-0.234 -0.23 -0.179 -0.182
-0.232 -0.269 -0.207 -0.199
-0.243 -0.256 -0.218 -0.175
-0.231 -0.262 -0.217 -0.201
-0.264 -0.251 -0.245 -0.237

-0.29 -0.299 -0.23 -0.251
-0.303 -0.265 -0.233 -0.28
-0.303 -0.273 -0.245 -0.293
-0.297 -0.359 -0.297 -0.263
-0.304 -0.303 -0.275
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Table S4. HAP1 whole cell confocal imaging comparing the effect of AdipoR knockout on plasma membrane order. Raw
values of HAP1 WT, R1KO, R2KO, R2R1KO untreated or treated with 0.1% DMSO, 10uM AdipoRon, or SmM MBCD.

HAP1 WT HAP1 R1KO
10uM 10uM

Untreated DMSO AdipoRon 5mM MBCD Untreated 0.1% DMSO AdipoRon 5SmM MBCD
-0.212 -0.166 -0.234 -0.263 -0.174 -0.138 -0.23 -0.199
-0.253 -0.186 -0.232 -0.27 -0.194 -0.173 -0.269 -0.253
-0.209 -0.24 -0.243 -0.275 -0.161 -0.155 -0.256 -0.269
-0.209 -0.256 -0.231 -0.296 -0.162 -0.155 -0.262 -0.282
-0.235 -0.192 -0.264 -0.305 -0.17 -0.167 -0.251 -0.265
-0.197 -0.29 -0.28 -0.208 -0.198 -0.299 -0.276

-0.202 -0.303 -0.292 -0.159 -0.198 -0.265 -0.293

-0.217 -0.303 -0.296 -0.208 -0.218 -0.273 -0.351

-0.232 -0.297 -0.315 -0.209 -0.223 -0.359 -0.302

-0.218 -0.304 -0.338 -0.21 -0.226 -0.305

-0.205
HAP1 R2KO HAP1 R2RIKO
10uM 10uM

Untreated 0.1% DMSO AdipoRon 5mM MBCD Untreated 0.1% DMSO AdipoRon 5mM MBCD
-0.111 -0.16 -0.179 -0.24 -0.104 -0.133 -0.182 -0.217
-0.148 -0.157 -0.207 -0.252 -0.177 -0.13 -0.199 -0.233
-0.157 -0.203 -0.218 -0.314 -0.138 -0.13 -0.175 -0.211
-0.205 -0.194 -0.217 -0.424 -0.174 -0.177 -0.201 -0.277
-0.171 -0.195 -0.245 -0.379 -0.147 -0.192 -0.237 -0.222
-0.189 -0.218 -0.23 -0.337 -0.152 -0.185 -0.251 -0.396
-0.188 -0.3 -0.233 -0.347 -0.141 -0.169 -0.28 -0.339
-0.203 -0.267 -0.245 -0.344 -0.164 -0.17 -0.293 -0.334
-0.205 -0.269 -0.297 -0.335 -0.177 -0.207 -0.263 -0.361
-0.212 -0.286 -0.303 -0.338 -0.166 -0.204 -0.275 -0.34
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Table S5. HAP1 GPMYVs imaging using flow cytometry comparing the effect of AdipoR knockout on plasma
membrane order. Raw values of HAP1 WT, R1KO, R2KO, R2ZR1KO GPMVs at basal level

Sample Mean GP Value SD N

WT -0.5196 0.05578 4997
R1KO -0.5994 0.05272 4995
R2KO -0.6065 0.04453 4999
R2R1KO -0.598 0.04409 4994
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HAP1 WT

HAPL R1KO HAP1 R2ZKO  HAPI1 R2R1KO

nuclei

¥

actin

Actin intensity

Figure SS. HAP1 whole cell confocal imaging comparing the effect of AdipoR knockout on actin polymerization.
Representative confocal image of HAP1 cells stained with CellMask Green Plasma Membrane Stain, SiR-actin, and

Hoechst 3342 trihydrochloride. Green plasma membrane stain was used to outline the cells and determine regions of
interest.

Table S6. HAP1 whole cell confocal imaging comparing the effect of AdipoR knockout on actin polymerization.
Raw intensity values of HAP1 WT, R1KO, R2KO, R2R1KO actin polymerization

Sample Mean Intensity SD N

WT 21.11 11.58 136
RI1KO 19.95 13.34 302
R2KO 22.97 8 226
R2RI1KO 33.25 20.69 217
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Table S7. Free cholesterol decreases in the absence of adiponectin receptor 2. (A) Raw values obtained by phosphate

colorimetric assay for four cell lines. (B) Raw values of total cholesterol obtained by amplex red cholesterol assay for

four cell lines. (C) Raw values of free cholesterol obtained by amplex red cholesterol assay for four cell lines. Cholesterol

concentration was normalized to the phospholipid concentration using an inorganic phosphate assay.

Phosphate std Absorbance Samples Absorbance
0 nmol 0.086 | WT 0.345
0.2 nmol 0.161 | R1IKO 0.282
0.4 nmol 0.231 | R2ZKO 0.4365
0.6 nmol 0.337 | DKO 0.307
0.8 nmol 0.431
1 nmol 0.506
2 nmol 0.947
3 nmol 1.342
4 nmol 1.702
5 nmol 1.966
Chol std Absorbance Sample | Absorbance
0 ug/mL 1709.887 WT | 37878.99
0.5 ug/mL 4381.422 R1KO | 31093.885
1 ug/mL 8029.594 R2KO | 32480.44
2 ug/mL 14266.391 DKO | 36551.17
4 ug/mL 24978.097
8 ug/mL 39903.84
16 ug/mL 56167.737
Chol std Absorbance Sample Absorbance
0 ug/mL 1679.883 | WT 37285.64
0.5 ug/mL 4150.629 | R1IKO 30868.15
1 ug/mL 7662.325 | R2KO 32890.36
2 ug/mL 13775.722 | DKO 36535.06
4 ug/mL 24246.258
8 ug/mL 38857.149
16 ug/mL 55115.873

33




