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Abstract

The male gender has a higher risk to develop the coronary artery diseases (CAD) including
atherosclerosis. The androgen receptor (AR) is expressed in several atherosclerosis associated cell
types, including monocytes/macrophages, endothelial cells (ECs), and smooth muscle cells
(SMCs), but its pathophysiological role in each cell type during the development of atherosclerotic
lesions remains unclear. Using the Cre-loxP system, we selectively knocked out AR in these three
cell types and the resultant ARKO mice, monocyte/macrophage ARKO (MARKO), EC-ARKO
(EARKO), and SMC-ARKO (SARKO), were then crossed with the low density lipoprotein
receptor (LDLR) deficient (LDLR™/") mice to develop MARKO-LDLR™~, EARKO-LDLR™",
and SARKO-LDLR ™~ mice for the study of atherosclerosis. The results showed that the
MARKO-LDLR™~ mice had reduced atherosclerosis compared to the wild type (WT-LDLR™")
control mice. However, no significant difference was detected in EARKO-LDLR™~ and SARKO-
LDLR™~ mice compared to WT-LDLR™~ mice, suggesting that the AR in monocytes/
macrophages, and not in ECs and SMCs, plays a major role to promote atherosclerosis. Molecular
mechanism dissection suggested that AR in monocytes/macrophages up-regulated the TNF-a,
ITGB2, and LOX-1 molecules that are involved in 3 major inflammation related processes in
atherosclerosis, including monocytes/macrophages migration and adhesion to HUVECs cells, and
subsequent foam cell formation. Targeting AR via the AR degradation enhancer, ASC-J9®, in
WT-LDLR™~ mice showed similar effects as seen in MARKO-LDLR™~ mice with little influence
on lipid profile. In conclusion, the AR in monocytes/macrophages plays key roles in
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atherosclerosis and targeting AR with ASC-J9® may represent a new potential therapeutic
approach to battle atherosclerosis.
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INTRODUCTION

The male gender is one of the risk factors for coronary artery disease (CAD) and the average
life expectancy for men with CAD is about 8 years less than that of women with CAD.
Atherosclerosis is the primary cause of CAD, and it therefore represents the most common
cause of morbidity and mortality from CAD worldwide 1. Atherosclerosis is an
inflammatory disease, characterized by lipid and macrophage depositions in the arterial

wall 2. The atherosclerosis is initiated by the activation of endothelial cells (ECs), leading to
high expression of adhesion molecules for recruiting inflammatory cells 3. Macrophage
colony-stimulating factor induces monocytes to enter the plaque to differentiate into
macrophages and foam cells, which is a critical step for the atherosclerosis 4. In the plaque
centers, foam cells and extracellular lipid droplets form a core region, which is surrounded
by a cap of smooth muscle cells (SMCs) and a collagen-rich matrix. T cells, macrophages,
and mast cells infiltrate the lesion and are particularly abundant in the shoulder region of the
plague where the atheroma grows. Many of the immune cells exhibit signs of activation and
produce inflammatory cytokines 4.

Almost all of the previous studies were focused on the androgen effect on atherosclerosis as
androgen is considered to be the main factor for male gender risk in atherosclerosis °.
However, several recent results demonstrated a protective role of androgens 6. 7.

Compared with the effect of androgen, few studies have been done to reveal the androgen
receptor (AR) effect on atherosclerosis. AR is activated by binding of androgens 8 9, but it
can also exert its function without the binding of androgen 1°. Therefore, it becomes obvious
that the AR effect is not always the same as the androgen effect. One of the recent findings
from wound healing studies demonstrated that the AR knockout (ARKO) effect is critical in
mediating the suppressive effect in wound healing yet such AR effects could not be reversed
by androgen treatment 11, suggesting that AR could function through androgen-independent
pathways. Ikeda et al 12 recently investigated the effect of androgen/AR on atherosclerosis
using the ApoE~/~ derivative of the total AR knockout mice (GARKO-ApoE "), however,
their studies failed to distinguish the effect of androgen vs AR since their mouse model
lacked both AR and androgen (serum testosterone dropped to almost an undetectable level).

Based on the inflammatory characteristic of atherosclerosis and the role of AR in enhancing
inflammatory response, we hypothesized that AR would promote the progression of
atherosclerosis and the AR in monocytes/macrophages might exert the primary function. In
this study, cell-specific ARKO male mice were used to demonstrate that the AR in
monocytes/macrophages is critical in atherosclerosis.
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MATERIALS AND METHODS

RESULTS

Please see supplemental information for materials and methods.

Atherosclerotic plaques were increased in GARKO-LDLR ™~ mice but decreased in
MARKO-LDLR ™~ mice compared to the WT-LDLR ™~ littermate control mice

Using the Cre-loxP system, we either knocked out AR ubiquitously or selectively in 3 major
cell types associated with atherosclerosis: monocytes/macrophages, ECs, and SMCs, and the
resultant monocytes/macrophage AR knockout (MARKO), ECs-ARKO (EARKO), and
SMC-ARKO (SARKO) mice were then crossed with the low density lipoprotein receptor
(LDLR) deficient (LDLR™") mice to develop GARKO-LDLR™~, MARKO-LDLR™",
EARKO-LDLR™~, and SARKO-LDLR ™~ mice. Supplemental Fig. S1a shows the
genotyping results of 4 types of the generated ARKO mice and Supplemental Fig. S1b
shows the depletion of AR in the bone marrow derived macrophages obtained from
MARKO-LDLR™~ mice. No significant change in body weight was observed in the
MARKO-LDLR™~ mice, but we observed increases in body weight in the other two types
of mice (EARKO-LDLR™~, and SARKO-LDLR ") (Supplemental Fig. S1c)

After atherosclerosis was developed by feeding mice with high fat diet (HFD) for 16 weeks,
aortas were excised from each group of mice and stained with Qil-red-O to visualize
atherosclerotic plaques. Compared to the WT-LDLR™" littlemate control mice, the
GARKO-LDLR™~ showed increased atherosclerotic plaques and reduced androgen levels,
which are consistent with previous findings (Fig. 1a—d) 13. However, the MARKO-LDLR™~
mice showed significantly less atherosclerosis (25.9% reduction, p value <0.001, n=9)
without an altered androgen level as compared to the WT-LDLR™" littermate control mice
(Fig. 2a, b, and €). In contrast, we found little differences in plaque areas in the EARKO-
LDLR™~ and SARKO-LDLR™~ mice as compared to their littermate controls. The results
indicate that there are no significant differences in androgen level among EARKO-LDLR-/
-, SARKO-LDLR-/-, and their littermate controls (Fig. 2a, b, and f)). We then performed
hematoxylin and eosin (H&E) staining of aortic tissues of these mice and detected reduced
plague area in the MARKO-LDLR ™~ mice (38% reduction, p value <0.001, n=6) compared
to the littermate control mice (n=5) (Fig. 2c, quantification of relative plaque areas were
shown in 2d).

Together, the results of these studies using the LDLR ™~ derivatives of the 4 different
ARKO mice demonstrated that the AR in monocytes/macrophages, but not in ECs and
SMCs, played an important role in the promotion of atherosclerosis.

Depletion of AR in monocytes/macrophages reduces monocytes infiltration into the aorta

plague area

A crucial step in atherosclerosis is an infiltration of monocytes into the sub-endothelial cells
of the arteries where they differentiate into macrophages and become functionally activel?.
We therefore investigated monocytes infiltration in aortic tissues of the MARKO-LDLR™/~
and WT-LDLR™" littermate control mice by staining tissues with the monocyte specific
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antibody, Mac-3. We found that the Mac-3 positively stained cell numbers (represented as
positively stained cell %) were significantly decreased in the MARKO-LDLR™~ mice (5.28
+ 2.11%, n=7) compared to their littermate control mice (20.57 + 4.42%, n=6) (Fig. 3a).

We also examined collagen deposition in aortas of MARKO-LDLR™~ and WT-LDLR™~
mice via Masson Trichrome staining, and results demonstrated significantly lower collagen
deposition in the MARKO-LDLR ™~ mice (10.14 + 1.08%, n=5) compared to the littermate
control mice (14.48 + 1.28%, n=5) (Fig. 3b).

We further investigated whether invaded SMCs numbers were modulated by the AR
knockout in monocytes/macrophages, and found that the a-smooth muscle actin (a-SMA)
positively stained SMCs numbers were increased in the MARKO-LDLR ™~ mice (28.70% *
1.94%, n=5) compared to the control littermate mice (12.37 + 1.71%, n=6) (Fig. 3c). This
suggested that higher numbers of the migrated SMCs may stabilize the plaques leaving them
less susceptible to rupture 12 16, Therefore, we believe that the AR knockout in monocytes/
macrophages might contribute to the stability of plaques as shown by the increased humbers
of the invaded SMCs in MARKO-LDLR™~ mice, thereby protecting mice from developing
into the acute coronary syndrome (ACS).

Together, results of Fig. 3a—c concluded that the loss of AR in monocytes/macrophages
resulted in decreased infiltrating monocytes/macrophages to the sub-endothelium of arteries
with decreased collagen deposition and increased SMCs, and all these combined effects led
to the suppression of atherosclerosis.

AR in monocyte THP-1 cells promoted their migration and adhesion to HUVECs cells and
foam cell formation

To further confirm the above in vivo findings, we applied in vitro assays to show the AR
role in monocytes/macrophages in promoting atherosclerosis. We first investigated whether
the AR expression in monocytes influences their migration to ECs. The monocyte THP-1
cells were infected with lentivirus carrying either scramble control sequence or AR-siRNA
and Fig. 4A-a (upper) shows successful knockdown of AR in these cells. In the migration
assay, the THP-1 cells, either the AR knocked down (THP-1siAR) or the scramble control
(THP-1sc) cells, were placed in the upper chamber while the conditioned media (CM) of
HUVECs were placed in the lower chamber of transwell plates as shown in Fig. 4A-a
(lower) cartoon. We found that the migration of the THP-1siAR cells was suppressed, when
compared to the THP-1sc cells (Fig 4A-b). However, when we manipulated AR expression
in HUVECs and used the CM of the AR expressing and depleted HUVECs in the tests,
migration of THP-1 cells was not influenced significantly (data not shown), suggesting that
AR expression in monocytes, and not in ECs, is critical in mediating this migration process.

We also tested adhesion of THP-1 cells onto HUVECs (a cartoon shown in upper panel of
Fig. 4A-c). Similarly, we used THP-1-siAR and THP-1sc cells in the test and tagged THP-1
cells with green fluorescence dye (GFP) before the reaction so that the adhered GFP-labeled
cells can easily be detected (middle panel). After incubation of two types of cells for 2 hrs at
37 °C, numbers of the adhered fluorescent THP-1 cells were counted. Similarly to the
migration test, we found that adhesion of the THP-1siAR onto HUVECs was significantly
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reduced (60%) compared to the THP-1sc (Fig. 4A-c lower panel; quantification, right panel,
representative images in Supplemental Fig S2a). However, the manipulation of AR
expression in HUVECs did not influence adhesion of THP-1 cells onto HUVECs
significantly (data not shown). These results also suggest that AR expression in monocytes,
and not in ECs, is critical in mediating this migration process and in promoting the adhesion
process.

In addition of migration and adhesion, foam cell formation is the 3rd key step during
atherosclerosis development!”. Therefore, we tested whether the AR expression in THP-1
cells can also affect this process. THP-1siAR and THP-1sc cells, were treated with mouse
derived colony stimulating factor (M-CSF) to stimulate differentiation of monocytes into
macrophages and these resultant macrophages were subsequently treated with oxidized LDL
(oxLDL) to induce foam cell formation. After staining of foam cells with Oil-red-O, the
positively stained cells numbers were compared. As shown in Fig. 4A-d, the THP-1siAR
cells have significantly reduced foam cell formation (11.89 + 2.18%) as compared to the
THP-1sc control cells (17.65 £ 1.72%), indicating that the AR in THP-1 cells also plays a
stimulatory role in this process.

Taken together, Fig. 4A results suggest that the AR in monocytes/macrophages plays
positive roles in promoting the 3 major inflammation associated processes in atherosclerosis:
(i) migration, (ii) adhesion of monocytes to ECs, and (iii) subsequent foam cell formation.

Key AR-modulated molecules that affect migration of monocytes to ECs in THP-1 cells

We next investigated the molecular mechanisms by which the AR in monocytes/
macrophages promote the three inflammation associated processes via modulation of
expressions of the target molecules of these processes.

Among the migration related molecules including TNF-a, IL-6, CCL2, and CCR2 we
assayed, we found the mRNA expressions of TNF-a and IL-6 were the most significantly
inhibited in THP-1siAR cells compared to THP-1sc cells (Fig. 4B-a). We then selected
TNF-a for further investigation. As shown in Fig. 4B-b, we found that the secreted TNF-a
protein was decreased dramatically in THP-1siAR cells compared to the THP-1sc cells,
confirming the positive regulation of AR in TNF-a expression at both protein and mRNA
levels.

We then asked if AR could modulate TNF-a at transcriptional level via ChlP assay. The
results showed that the AR could bind to the androgen-response-element (ARE) (TNF
promoter ARE1: +36~+41, ARE2: +50~+55) on the 5" promoter region of TNF-a (Fig. 4B-
c), and the luciferase assay also confirmed AR could induce TNF-a expression at
transcriptional level (Fig. 4B-d).

We further applied functional assays to test if blocking TNF-a via a neutralizing antibody of
TNF-a could suppress the AR effect in promoting migration of THP-1 cells into ECs. As
shown in Fig. 4B-e, addition of TNF-a neutralizing antibody reduces THP-1-sc cells
migration to the level of the THP-1-siAR cells, indicating that TNF-a is indeed critical in
mediating the promoter role of AR in this process.
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We also examined whether the TNF-a expression is reduced in the aortic tissues of the
MARKO-LDLR ™~ mice compared to their WT-LDLR ™" littermate control mice and found
significantly reduced expressions of TNF-a in aortic tissues of MARKO-LDLR ™~ mice
compared to the WT-LDLR ™" littermate control mice (Fig. 4B-f), confirming the in vitro
effect of AR modulation of TNF-a for promoting monocytes/macrophages migration to
ECs.

Key AR-modulated molecules that affect adhesion of monocytes to ECs in THP-1 cells

Next we surveyed molecules that have been documented to play important roles in the
adhesion process 15 16 and found that the expression of integrin family members (ITGaM,
aV, B1, B2) and PSGL-1 was suppressed in THP-1siAR cells compared to the THP-1sc
control cells (Fig. 4C-a). We further dissected the molecular mechanism how AR could
modulate ITGB2 in the adhesion process, and confirmed AR could modulate ITGB2
expression at both mRNA and protein levels (Fig. 4C-a,b).

We further examined AR modulation in ITGB2 expression at the transcriptional level, and
found that AR could bind to ARE (AGACCANNnTGATCA, location —4462~-4447) on the
5’ promoter region of ITGB2 via ChlIP assay (Fig. 4C-c). The luciferase assay further
confirmed AR could induce ITGB2 expression at the transcriptional level in the 293T cells
(Fig. 4C-d).

When we introduced the neutralizing antibody of ITGB2 into the culture, we were able to
inhibit adhesion of THP-1sc cells, but not the THP-1siAR cells (Fig. 4C-e, representative
images in supplemental Fig. S2b), indicating that the ITGB2 molecule is critical in this AR-
mediated adhesion process.

Finally, we examined ITGf2 expression in the aortic tissues of the MARKO-LDLR™~ mice
and their WT-LDLR™" littermate control mice, and found significantly reduced ITGp2
expression in aortic tissues of MARKO-LDLR ™'~ mice compared to their littermate control
mice (Fig. 4C-f), which also confirmed the AR mediated reduction of ITGB2 in vivo.

Key AR-modulated molecules that affect foam cell formation in THP-1 cells

We then investigated the target molecules in foam cell formation process, such as LOX-1,
LAL, and ACAT, in THP-1siAR and THP-1sc cells, and found that expressions of these 3
molecules were suppressed in the THP-1siAR cells (Fig. 4D-a). Further analysis of LOX-1
expression in THP-1siAR and THP-1sc cells showed lower mRNA expression of LOX-1 in
THP-1-siAR cells compared to the THP-1sc cells (Fig. 4D-b).

We also used the ChIP assay to determine if AR could modulate LOX-1 expression at the
transcriptional level, and the results showed that AR could bind to ARE
(ATAAAANNNTGTTTT, location —4209~-4194) on the 5" promoter region of LOX-1 (Fig.
4D-c). As expected, the luciferase assay also confirmed AR could induce LOX-1 expression
at the transcriptional level (Fig. 4D-d).

We further tested whether the blocking of LOX-1 by treating the THP-1-siAR and THP-1sc
cells with the LOX-1neutralizing antibody could inhibit foam cell formation. As shown in
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Fig. 4D-e, the foam cell formation was significantly inhibited upon antibody treatment in
THP-1sc cells, but not in THP-1siAR cells.

We then examined LOX-1 expression in the aortic tissues of the MARKO-LDLR ™~ and
their WT-LDLR ™" littermate control mice and found significantly reduced expressions of
LOX-1 in aortic tissues of MARKO-LDLR ™~ mice compared to their littermate control
mice (Fig. 4D-f), suggesting AR could go through modulation of LOX-1 expression to
influence form cell formation in vivo.

Together, results from Fig. 4 show that the AR in monocytes/macrophages might play a
stimulatory role to promote atherosclerosis via multiple modulations of various key
molecules, which might explain why we could detect decreased plaque formation in the
MARKO-LDLR™~ mice (see Fig. 2).

Targeting monocyte/macrophage AR with ASC-J9% to battle atherosclerosis

We then asked how can we target monocytes/macrophages AR in the body to mimic the
MARKO-LDLR™~ mice effect and use that strategy as a potential new therapeutic approach
to battle atherosclerosis. ASC-J9® is an AR degradation enhancer, which functions through
the proteasome machinery to selectively degrade AR. ASC-J9® could increase Akt
modulated AR and Mdm2 interaction and recruit the proteasome complex to enhance AR’s
degradation 18. The earlier studies on wound healing demonstrated that ASC-J9® was able
to selectively degrade AR in monocytes/macrophages, and mimicked the MARKO mice
effect with improved wound healing 11.

We first tested the in vitro ASC-J9® effects in inhibiting three processes: migration and
adhesion of monocytes onto ECs and subsequent foam cell formation. Our results showed
that ASC-J9® could enhance AR protein degradation in THP-1 cells starting at 2.5 UM
concentration (Fig. 5a). When we used 5 pM ASC-J9® to test its effect on THP-1 cell
migration into HUVECs, we found significant reduction in THP-1 cells migration (Fig. 5b).
We then tested ASC-J9® effect on the adhesion of THP-1 cells onto HUVECS. As shown in
Fig. 5¢c, THP-1 cells adhesion was also significantly reduced upon ASC-J9® treatment
(representative images in supplemental Fig. S2c). We further examined ASC-J9® effects on
foam cell formation and obtained similar results showing suppressive effects of ASC-J9®
(2.5 to 10 uM) (Fig. 5d).

We then extended our studies of ASC-J9® effects into in vivo mice studies. ASC-J9® was
injected i.p every other day (75 mg/kg/day) into the 16 weeks old WT-LDLR™~ mice, 8 wks
after starting HFD feeding and continued for 8 wks. In parallel, control littermates received
vehicle only. After a total of 16 weeks HFD feeding, mice were sacrificed and
atherosclerosis parameters were analyzed. Interestingly, the results showed that the WT-
LDLR™~ mice treated with ASC-J9® have significantly decreased plague area (25.1 + 4.9%,
n=11) compared to the vehicle control mice (19.2 £ 5.7%, n=5) (Fig. 6a). We then examined
whether the treatment with ASC-J9® leads to decreased AR expression in macrophage. The
IHC staining revealed that the expression of monocyte/macrophage AR (Fig. 6b) and
macrophage infiltration (Fig. 6¢) were significantly decreased in these ASC-J9® treated
mice. Importantly, we found that mice treated with ASC-J9® still had normal body weight
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with near normal serum testosterone and normal fertility, which is consistent with the
previous results showing few side effects 11 19,
Together, the results from in vitro cell lines (Fig. 5) and in vivo mice studies (Fig. 6)
suggests that ASC-J9® may have a therapeutic potential to battle the atherosclerosis in the
future.
DISCUSSION

In these studies we found that general AR knockout in LDLR-/- (GARKO-LDLR-/-) mice
significantly increased atherosclerotic plaques, whereas AR knockout in monocytes/
macrophages significantly reduced plaque area as shown in MARKO-LDLR™~ mice.
However, the mice lacking AR in ECs and SMCs failed to show such effect, suggesting that
the AR in monocytes/macrophages may play critical roles in promoting atherosclerosis.
Interestingly, MARKO-LDLR-/- mice showed completely opposite results to the GARKO-
LDLR-/- mice. Actually, there may be multiple factors contributing to these contrasting
effects observed in GARKO-LDLR ™~ vs MARKO-LDLR ™~ mice on atherosclerosis. First,
this may be explained by the serum testosterone level difference since the serum testosterone
levels in the GARKO-LDLR ™~ mice dropped dramatically, while the serum testosterone
levels in the MARKO-LDLR ™~ mice remained almost unchanged as compared to the WT-
LDLR™/~ littermate control mice. Early studies documented that testosterone therapy could
lead to reduced cholesterol and LDL levels 2923, and higher frequency of atherosclerosis
was also observed in prostate cancer patients after receiving androgen deprivation

therapy 24, suggesting androgens may play protective roles in atherosclerosis development.
Our results showing GARKO-LDLR ™~ mice with low level of serum testosterone
developed atherosclerosis, yet MARKO-LDLR™~ mice with normal serum testosterone
level developed little atherosclerosis are in agreement with these clinical data.

Second, we may explain the opposite atherosclerosis phenotypes of the GARKO-LDLR ™~
and MARKO-LDLR ™~ mice by lipid profile differences. When we investigated lipid levels
in these two types of ARKO mice, it was shown that total cholesterol and triglyceride (TG)
contents were significantly higher in GARKO-LDLR™~ mice than in the WT-LDLR™/~
littermate control mice, while MARKO-LDLR™~ mice showed little change (Supplemental
Fig. S3a and b). These results suggest that the higher levels of cholesterol and TG in
GARKO-LDLR™~ mice might contribute to the higher rate of plaque formation.

The high lipid levels in GARKO-LDLR™~ mice may be due to the low testosterone levels.
However, our earlier studies in GARKO mice of metabolism and the current findings in
SARKO-LDLR-/- mice indicate that the higher lipid levels may not be independently
affected by testosterone levels®. When we investigated whole lipid/glucose metabolism
difference in GARKO mice, we observed that GARKO mice had high lipid levels, and these
high lipid levels were not reversed when we treated the GARKO mice with androgen 25.
Next, we investigated in which tissues the AR knockout is critical in elevating lipid levels.
We found that AR knockout in SMCs results in significant increases in triglyceride and
cholesterol without altering androgen levels (Supplemental Fig. S3c). We also found that the
AR knockout in neurons in the neuronal ARKO (NARKO) mice resulted in high lipid levels
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and further revealed that the NARKO mice had induced hypothalamic insulin resistance,
which, in turn, led to hepatic insulin resistance, lipid accumulation, and visceral obesity 25.
Therefore, it can be speculated that the higher lipid levels observed in the GARO-LDLR™~
mice may be related to the smooth muscle cellular and neuronal AR knockout in those mice.
Although SARKO-LDLR~-/- mice exhibit similar atherosclerotic plaques as the littermate
controls, whether the atherosclerosis mouse model using the neuronal ARKO mice will lead
to higher atherosclerosis similar to the GARKO-LDLR™~ mice needs to be investigated in
the future to draw a solid conclusion.

No matter what the major factor is, it is obvious that targeting androgen/AR signaling in the
whole body (as current androgen deprivation therapy does in prostate cancer patients using
various anti-androgens to suppress androgen binding to AR in the whole body) may not be
an effective way to suppress atherosclerosis and therefore, we need to develop a way to
suppress monocytes/macrophages without affecting testosterone and lipid levels.

We, therefore, suggest the use of the AR degradation enhancer ASC-J9® as a new potential
therapeutic approach to battle atherosclerosis with rationales as follows. (a) The ASC-J9®
treated WT-LDLR ™~ mice mimicked the MARKO-LDLR™~ mice effect, similar to the
early study demonstrating ASC-J9® could degrade AR in macrophages to reach the
therapeutic effect in macrophage-mediated wound healing 1. (b) The ASC-J9® treated WT-
LDLR™~ mice showed reduced plaque formation to a similar extent as observed in
MARKO-LDLR™~ mice. (c) Mice treated with ASC-J9® show little change in serum
testosterone 11 and AR could be degraded in selective cell types including macrophages,
SMCs, prostate, and heart (Supplemental Fig. S4a). (d) In vivo data demonstrated that ASC-
J9® treated mice have normal libido and sexual activity with normal fertility 11, 19, 27-29,

In summary, we conclude that targeting AR in monocyte/macrophages may be a new
effective therapy to battle atherosclerosis that can be achieved by exploiting ASC-J9® in the
therapeutic approach. Supplemental Fig. S5 cartoon explains our entire approach 11,

Perspectives

Atherosclerosis is an inflammatory and metabolic disease. AR plays important roles in
metabolism and inflammation. AR promotes inflammatory responses as demonstrated by
using castrated male mice and GARKO mice to show reduced inflammatory responses.
However, androgen and AR signaling are very complicated in lipid and glucose metabolism
and abnormal metabolism would increase lipid accumulation in the blood stream to cause
atherosclerosis. In our previous studies, we have shown that neuron and hepatocyte specific
ARKO mice have elevated lipid profiles, whereas adipocyte specific ARKO mice have
decreased lipid profiles30. In the current study, we showed that MARKO mice have slightly
lower lipid profiles, EARKO mice have no change regarding lipid profiles, but SARKO
mice have surprisingly elevated lipid profiles, even higher than GARKO mice. From these
results of many cell specific ARKO mice, it could be speculated that the changed lipid
profiles of GARKO mice is a summation of AR effects on different kinds of cells that are
involved in metabolism. It might not be easy to simply target AR in the whole body, since
this would worsen the atherosclerosis progression. Luckily, we investigated an AR
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degradation enhancer, ASC-J9®, and found that it has the potential to target AR in
monocyte/macrophage to suppress atherosclerosis. Although ASC-J9® could suppress
atherosclerosis progression, we actually do not know whether treatment with ASC-J9®
could result in insulin resistance which has been shown by using GARKO and several cell
specific ARKO mice. Future studies are needed in order to evaluate the safety of ASC-J9®
before initiating in clinical studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Plaque formation was accelerated in GARKO-LDLR-/- mice compared to the WT-
LDLR-/- littermate control mice

a. Plaque area was analyzed after staining with Oil red O stain. Graph on the right is
quantitation result of plaque area over total area. b. Masson Trichrome staining was used to
analyze collagen deposition in WT-LDLR—-/- and GARKO-LDLR-/- mice. Graph on right
shows the quantitation results of collagen positive area over total area. Arrows indicate
collagen area (Blue color). Magnification, 400x. Androgens, (c) testosterone and (d)
dihydrotestosterone (DHT) were measured using ELISA kit in WT-LDLR-/- and GARKO-
LDLR-/- mice. *p<0.05, **p<0.01, and ***p<0.001.
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Fig. 2. Plaque area was reduced in the MARKO-LDLR ™~ mice compared to the WT-LDLR ™~
control mice, but not reduced in the EARKO-LDLR™~ and SARKO-LDLR ™~ mice

a. Oil-red-O staining of aortas obtained from the MARKO-LDLR™~, EARKO-LDLR ™",
and SARKO-LDLR™~ mice and their WT-LDLR™" littermate control mice. Aorta were
stained with Oil-red-O and positive red stained area indicates plaques formed. b.
Quantitation results of positive plaque area over total area from a. ¢. H & E staining of aortic
tissues of MARKO-LDLR™~, EARKO-LDLR™", and SARKO-LDLR ™~ mice and their
WT-LDLR™ littermate control mice. Magnification, 100x (inset, 400x). Two arrowheads
indicate the plaque area. d. Quantitation of plaque area over total area from c. e.
Testosterone levels were determined in MARKO-LDLR-/- mice and their WT-LDLR-/-
littermate controls. f. Testosterone levels in WT-LDLR-/-, SARKO-LDLR-/-, and
EARKO-LDLR-/- mice. **p<0.01
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Fig. 3. Macrophage infiltration and collagen deposition were reduced, but SMCs invasion was
increased in the MARKO-LDLR ™~ mice compared to the WT-LDLR ™~ mice

a. Aortic tissues of the MARKO-LDLR™~ and WT-LDLR™~ mice were stained with Mac-3
antibody. Arrows indicate stained Mac-3 positively stained cells. Magnification, 100x.
Quantitation is showed below images **p<0.01 b. Aortic tissues of the MARKO-LDLR ™/~
and WT,LDLR™~ mice were used in the Masson Trichrome staining. Arrows indicate
positively stained cells. Magnification, 100x. Quantitation is shown below images. *p<0.05
c. IHC staining of SMC invasion. Aortic tissues of the MARKO-LDLR™~ and WT-
LDLR™~ mice stained with aSMA. Arrows indicate positively stained cells. Magnification,
100x. Quantitation is shown below images. **p<0.01.
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Fig. 4.

Fi?;. 4A. AR in THP-1 cells play a stimulatory role to promote the migration and
adhesion to HUVECs and foam cell formation. a. THP-1siAR and THP-1sc, and
HUVECs conditioned media (CM) were placed in transwell plates as described in the
cartoon (lower panel). b. The migrated cells were stained and the positively stained cells
numbers were measured. **p<0.01 ¢. THP-1siAR and THP-1sc, were tagged with GFP and
then incubated with HUVECs. The adhered THP-1 cells with green fluorescence were
counted. Quantitation is shown on the right. Magnification, 100x. **p<0.01 d. The
THP-1siAR and THP-1sc cells were induced to differentiate into macrophage by M-CSF.
The cells were then incubated with oxLDL to evaluate the ability of cells to uptake oxLDL
(cartoon in left panel). At the end of reaction, cells were stained with filtered Oil-red-O
(middle panel). Magnification, 100x. Quantitation is shown on the right. **p<0.01.

Fig. 4B. The AR in THP-1 cells promotes migration to HUVECs. a. gPCR analysis
testing mRNA expression levels of candidate molecules involved in migration process.
**p<0.01 b. ELISA test showing TNF-a secretion by the THP-1siAR and THP-1sc cells.
***n<0.001 c. ChiP assay. AR antibody was used to pull down TNFa promoter region
which contains androgen response elements (AREs) (upper panel). d. TNFa promoter
transactivation was measured using luciferase constructs containing AR binding sites of the
promoter region of TNF-a molecule in the presence of pBabe vector only or pBabe-AR.
HEK-293 cells were used in this assay. e. Blocking effect of migration of THP-1 cells to
HUVECs upon incubation with the TNF-a antibody. f. IHC staining of TNF-a in aortic
tissues obtained from the MARKO-LDLR ™~ and WT-LDLR™~ mice. Arrowheads indicate

Hypertension. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Huang et al.

Page 18

positive stained areas. Magnification, 100x. Quantitation is shown on the right. *p<0.05,
**p<0.01, and ***p<0.001.

Fig. 4C. The AR in THP-1 cells promotes adhesion to HUVECs. a. gPCR analysis testing
MRNA expression levels of candidate molecules involved in adhesion process, **p<0.01. b.
Western blot analysis showing AR and ITGB2 in the THP-1siAR and THP-1sc cells.
GAPDH was used as control. c. ChiP assay. AR antibody was used to pull down ITGS2
promoter region which contains AREs. d. ITGB2 promoter transactivation was measured
using luciferase construct containing ITGB2 promoter region in the presence or absence of
AR with or without DHT. HEK-293 cells were used in this assay. e. Blocking effect of
adhesion of THP-1siAR and THP-1sc cells onto the HUVECSs upon incubation with the
ITGB2 antibody. f. IHC staining of ITGB2 in aortic tissues obtained from the MARKO-
LDLR™~ and WT-LDLR ™'~ mice. Magnification, 400x. Arrowheads indicate positive
stained area. Quantitation is shown on the right. *p<0.05, **p<0.01, and ***p<0.001.

Fig. 4D. The AR in macrophages promotes foam cell formation. a. gPCR analysis testing
MRNA expression levels of candidate molecules involved in foam cell formation process.
**p<0.01 b. AR and LOX-1 expression levels were determined using western blot in THP1-
sc and THP1-siAR cells. GAPDH served as loading control. c. LOX-1 promoter region
containing ARE (upper) was pulled down with AR antibody and amplified with primers
specific targeting ARE region (lower). d. LOX-1 promoter region was constructed to pGL3
luciferase vector. The LOX-1 promoter transactivation was measured in the presence or
absence of AR with or without DHT. e. Blocking effect on foam cell formation upon
incubation with the LOX-1 antibody. Quantitation is shown on the right. f. IHC staining of
LOX-1 in aortic tissues obtained from the MARKO-LDLR ™~ and WT-LDLR™~ mice.
Magnification, 100x. Quantitation is shown on the right. *p<0.05, **p<0.01, and
***p<0.001.
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Fig. 5. ASC-J9® treatment blocked THP-1 cells migration and adhesion into HUVECs, and foam
cell formation

a. Western blot analysis showing AR protein levels in THP-1 cells upon ASC-J9® treatment.
b. Invitro test of ASC-J9® effect on migration of THP-1 cells into HUVECs. THP-1 cells
were treated with ASC-J9® (10 pM) for 2 days and used for the migration experiment.
*p<0.05 c. In vitro test of ASC-J9® effect on adhesion of THP-1 cells onto HUVECs.
**n<0.01 d. In vitro test of ASC-J9® effect on foam cell formation. THP-1 cells were
treated with various concentrations of ASC-J9® for 2 days and used for the experiment.
Quantitation is shown on the right. **p<0.01
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Fig. 6. Therapeutic effect of ASC-J9%in reducing atherosclerosis by inhibiting monocyte
infiltration

a. ASC-J9® effects on plaque formation in mice. WT-LDLR™~ mice fed with HFD for 8
weeks were injected with ASC-J9® (75 mg/Kg body weight) every other day for another 8
weeks with continued HFD treatment. Quantitation is shown below images, *p<0.05 b. IHC
staining results of AR in aortic tissues of vehicle and ASC-J9® treated mice. ¢c. Mac-3 IHC
staining results in aortic tissues of vehicle and ASC-J9® treated mice. For both b and c,
magnification 100x, insets, 400x. Arrowheads indicate positive stained cells. Qnantitation is
shown below images, **p<0.01.
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