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1. INTRODUCTION:

Aldo-keto reductase family 1 member C3 (AKRIC3), also named 17BHSDS5, is one of the most
important genes involved in androgen synthesis and metabolism. AKR1C3 facilitates the conversion of
weak androgens androstenedione (A’ dione) and 5 o- androstanedione (5a-dione) to the more
active androgens, testosterone and DHT respectively, which cannot be inhibited by abiraterone. It
catalyzes steroids conversion and modulates steroid receptors trans-activation. AKR1C3 is the major
AKRI1C isozyme expressed in the human prostate; and elevated expression of this enzyme has been
associated with PCa progression and aggressiveness. We have demonstrated that AKR1C3 was up-
regulation in anti-androgen resistant prostate cancer cells. This overexpression conferred resistance to
enzalutamide and was reversible by either AKR1C3 inhibitor or RNA interference. Our hypothesis is
that targeting AKR1C3 decreases intracrine androgens and AR variants and improves enzalutamide
therapy against metastatic CRPC.

2. KEYWORDS:

Androgen synthesis pathways; tet-inducible AKR1C3 expression; steroid measurement by LC-MS
analysis, Abiraterone resistance, orthotopic animal model

3. ACCOMPLISHMENTS:

What were the major goals of the project?

Specific Aim 1 To determine the mechanisms of | Timeline | Site 1 Site 2
AKR1C3-mediated resistance to enzalutamide

Major Task 3: AKR1C3 increases ARV7 expression
through upregulation of hnRNPA

Subtask 1: Test overexpression of AKR1C3 increases
ARV7 and hnRNPA expression in LNCaP and C4-2B | 25-27 Drs. Gao, Evans
cells

Subtask 2: Test if downregulation of hnRNPA in
AKR1C3 overexpressing LNCaP or C4-2B cells | 27-30 Drs. Gao, Evans
decreases ARvV7 expression

Subtask 3: Test if knocking down ARv7 expression
in AKR1C3 overexpressing LNCaP or C4-2B cells | 30-36 Drs. Gao, Evans
alters the sensitivity to enzalutamide treatment

Milestone(s) Achieved: AKR1C3 increases ARv7

expression by enhancing hnRNPA expression 36
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Figure 1 Comparisons between C4-2B parental vs.
MDVR cells or tumors (A) steroid hormone
biosynthetic pathway (B) steroidogenesis in LNCaP vs.
LREX’ xenograft tumors (C) Testosterone levels (D)
AR IHC staining (E) WB of DHT stimulation after CS
medium (F) androgen receptor signaling genes.

Androgen receplor signaling
Relstve mRNA expresson

We examined C4-2B MDVR (enzalutamide resistant)
cells closer and found that in addition to AKR1C3, a
whole array of steroid biosynthetic genes were also
upregulated. C4-2B MDVR xenograft tumors expressed
significantly higher testosterone levels compared to C4-
2B parental xenograft tumors (Figure 1C). IHC staining
of AR in C4-2B MDVR xenografts was predominately in
the nucleus compared to C4-2B parental tumors (Figure
1D). Addition of DHT into C4-2B cells maintained in
androgen-deprived medium stimulated AR/AR-V7
protein levels and its signaling pathways with
upregulation of co-activators (Figures 1E-G)

AKR1C3 binds with AR-V7 and induces AR/AR-V7
protein overexpression (led by Dr. Gao and assisted by
Dr. Evans’ labs)

Overexpression of AKR1C3 in LNCaP and C4-2B cells
enhanced AR-V7 protein expression; full length AR
(AR-FL) was also significantly in C4-2B-ARK1C3 cells
(Figures 2A, 2B). However, no significant difference in
the mRNA levels of AR-FL and AR-V7 in these cells.
This induction might be due to the binding of AKR1C3
to AR-V7 demonstrated by both co-immunoprecipitation

and dual immunofluorescence staining (Figures 2C, 2D). AKR1C3 overexpression also enabled LNCaP
cells to grow in CS-FBS condition (Figure 3A). These cells once grown in to tumors, responded to
castration with slight regression and delay in tumor volume increase for two weeks. Once relapse,
tumor progression was not affected by daily treatment of enzalutamide (20 mg/kg), almost identical to
that in the control group. Western blot analysis showed an induction of AR-V7 post castration,

suggesting  enzalutamide  resistance in
castrated LNCaP-AKR1C3 tumors (Figures
3B-D). In parallel, knocking down AR-V7 in
LNCaP-AKR1C3 and C4-2B-AKR1C3 cells
slightly decreased cell proliferation and
combination with enzalutamide significantly
suppressed cell growth (Figure 3E, 3F).

AKR1C3 controls AR and AR-V7 protein
stabilization in resistant prostate cancer
cells

We reasoned that the underlying mechanism
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Figure 2 Effect of AKR1C3 overexpression (A) LNCaP (B) C4-2B
cells (C) MDVR and Rv1 cells with AKR1C3 co-IP (D) dual IF
stainingin MDVR and Rv1 cels.
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Figure 3 (A) LNCaP neo and AKR1C3 cells growth
curves in CS medium (B) LNCaP AKR1C3 tumor
growth after castration and treatment with or without
enzalutamide (C) tumor weights (D) WB analysis of
tumors. AR-V7 knockdown effect on cell growth and
protein (E) LNCaP-AKR1C3 (F) C4-2B-AKR1C3

C4-2B-AKR1C3

in neo cells.

of AKR1C3 mediated AR-V7 upregulation may be at the
protein level since there was no significant change in the
AR-FL or AR-V7 mRNA levels. AR/AR-V7 protein
stability was determined in C4-2B-neo and C4-2B-
AKR1C3 cells. In C4-2B neo cells, AR-FL protein levels
were apparently decreased when cells were maintained in
the presence of cycloheximide (CHX), the inhibitor for
protein synthesis. ~ When translation elongation was
inhibited by CHX, no new protein was synthesized while
the old one continued to be turned over. AR level dropped
to 50% within 4 hours after cycloheximide addition (Figure
4A). AR-V7 was scant in the neo cells and diminished
within 2 hours from the beginning of incubation. In
contrast, AR protein level was steadily maintained
throughout 8 hours of test period due to the high level of
AKR1C3 in C4-2B-AKR1C3 cells. Both the levels of AR-
V7 and variants were near constant as well. Knockdown of
AKRI1C3 in cells with high level of AKR1C3 such as
CWR22Rv1 (Figure 4B) and C4-2B MDVR (Figure 4C)
cells reverted AR/AR-7 protein stability to the state as that

Inhibition of AKR1C3 with the potent inhibitor indomethacin suppressed AR and AR

- 428 noo = C4-2B AKRICE

Figure 4 AR-FL/AR-V7 protein stability (A) C4-2B neo vs.
AKR1C3 cells (B) knockdown of AKR1C3 in CWR22Rv1
cells (C) in C4-2B MDVR cells (D) treatment with
indomethacin in MDVR cells (E) with MG132 inhibition on
the effect of Indocin treatment (F) ubiquitination of AR-V7 by

co-IP.

variants expression in C4-2B MDVR cells (Fig.4D).
Proteasome inhibitor MG132 maintained AR/AR-V7
protein expression in C4-2B MDVR cells treated
with indomethacin (Fig.4E). Immunoprecipitation of
AR-V7 with its antibody in C4-2B MDVR cells
showed that the variant was heavily ubiquitinated
upon indomethacin treatment, suggesting AKR1C3
protects AR-V7 from ubiquitination degradation in
the enza resistant cells (Figure 4F).

Inhibition of AKR1C3 with indomethacin
disrupts gene programs and suppresses AR/AR-
V7 signaling in resistant cells

We use RNA-seq analysis to scrutinize the effect of
indomethacin. By GSEA, the top pathways
upregulated in indomethacin treated C4-2B MDVR
cells are unfolded protein response (UPR), p53
signaling, apoptosis and hypoxia pathways; and
downregulated, E2F targets, cell cycle and Myc
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targets (Figure 5A). Heatmap plots (Figure 5B) reveal
the individual genes, especially those downregulated in
AR/AR-V7 (such as KLK2, KLK3, FKBP5, Nkx3-1
and Ube2C), cell cycle and Myc pathways. On the
other hand, indomethacin upregulated an array of genes
in UPR and ER stress pathway, as well as those
responsible for P53 and apoptosis pathway. The
inhibitory effect of indomethacin on AR/AR-V7
pathway is significant (Figure 5C). This was validated
by qRT-PCR, expression of AR/AR-V7 downstream
genes and Myc were significantly decreased by
indomethacin (Figure 5D).

Orally administered of indomethacin enhances
enzalutamide treatment through AKR1C3/AR-V7

Figure 5 RNA-seq analysis of C4-2B MDVR cells treated
with indomethacin (A) GSEA showed up and down-
regulated pathways (B) heatmap plots showed individual
genes (C) significant downregulation of AR/AR-v7
pathway by indomethacin (D) gRT-PCR validation of

inhibition (led by Dr.

Evans’ and assisted by Dr.

Gao’s Labs)

Previous data suggested

indomethacin enhanced

representative genes .

enzalutamide treatment when administered through
intraperitoneal (i.p.) injection. To further identify the

potential activity of indomethacin in vivo, we determined its tumor inhibition effects though oral

administration. As shown in Fig.6A-6C, CWR22Rv1
tumors were completely resistant to enzalutamide
treatment, orally  administered
significantly reduced tumor growth, and indomethacin
combined with enzalutamide treatment
suppressed tumor growth. However, all treatment did
not affect the mice body weight (Fig.6D). We also
determined the intratumoral testosterone level of each
group, as shown in Fig.6E, enzalutamide slightly
decreased the  testosterone  level,
indomethacin and indomethacin plus enzalutamide
treatment group significantly decreased the tumor
testosterone level. We also extracted tumor proteins
and found that indomethacin alone and the combination
treatment groups significantly decreased AR/AR-V7, c-
Myc and Bcl-2 expression in these tumors. These
results suggest that targeting AKR1C3 with small
molecule  indomethacin  enhances
treatment in vivo through suppressing both intratumoral
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Figure 6 CWR22Rv1 xenograft model treated with
control, enza, Indocin or combination. (A) Tumor growth
curve (B) Representative tumor pictures (C) Tumor
weights (D) Mouse body weight in each group (E)
enzalutamide Intratumoral testosterone (F) Western blots of AR-FL and
AR-V7 from all treatment groups.




testosterone and AR-V7 expression.

Correlation of hnRNPA1 with AKR1C3 in AR-V7 upregulation (led by Dr. Gao and assisted by Dr.
Evans’ labs)

One possible
A B C .
CWR22Rvi C4-2B MDVR e mechanism for the
-t -+ AKRICISRNA Qg@@ 35 e , increase  in AR
Opc! . .
e A][wm  Joorees ¢ @ 3 poovear variants  expression
*° IB: ARVT g 2 .
(o | v 825 | could be changes in
- EFLAR 2 " e expression of factors
o - AR e B:hNRNPA1  E 15 P o
-“ # | AR variants ) 2 such as RNA binding
s e |B: Tubulin 3 1 A
o ||ew |akwics S 05 " proteins that regulate
EET‘“’“”“ 0 ” pre AR slicing patterns.
. _ i Alternative  splicing
Figure 7 (A) Knockdown of AKR1C3 in CWR22Rv1 and C4-2B MDVR cells decreased hnRNPA1
expression. Overexpression of hnRNPA1 in LNCaP cells upregulated AR-V7 in (B) WB and (C) RT- leads to the
gPCR production of

multiple mMRNAs from a single gene. Our preliminary data suggest that AKR1C3 regulates ARv7
expression. Knock down of AKR1C3 expression reduced ARv7 expression in both CWR22rv1 and C4-
2BMDVR cells (Figure 7A), which correlated with down regulation of hnRNPA expression (Figure 7A).
In addition, overexpression of HnRNPAL1 in LNCaP cells increased ARv7 protein (Figure 7B) and
MRNA expression (Figure 7C). These data suggest that AKR1C3 increases ARv7 expression through
upregulation of HnRNPA.

Treatment of Qucertin decreases and AR-V7 expression through regulating hnRNP

Qucertin in one of the components of fruit and seed extracts used in food supplements. Treatment of
C4-2B MDVR cells with Qucertin over various time downregulated expression of hnRNPAL, AR-V7
and AR-FL both at the mRNA and protein levels (Figure 8).

In summary, we examined closer on the underlying mechanisms how AKR1C3 regulates the
upregulation of AR/AR-V7 expression in enzalutamide resistant prostate cancer cell models. Changes
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indomethacin inhibited tumor growth of a CRPC line, CWR22Rv1; combination use of indomethacin
and enzalutamide completed blocked tumor progression. Targeting hnRNPA1, an RNA splicing
enzyme, with food supplement Qucertin also downregulated AR/AR-V7 in enzalutamide resistant cells.
Overall, we show therapeutic potential of using AKR1C3 inhibitor to treat anti-androgen resistant
prostate cancer patients.

4. IMPACT

Our study discovered a novel mechanism by which AKR1C3 induces AR-V7 protein stabilization via
activation of the ubiquitin proteasome pathway system activation. We show that AKR1C3 reprograms
AR/AR-V7 signaling in enzalutamide resistant cells. AKR1C3 induces AR-V7 overexpression and
stabilizes AR-V7 protein in resistant cells through alteration of the ubiquitin proteasome system.
Targeting AKR1C3 by indomethacin activates UPR and p53 pathways but suppresses AR/AR-V7
signaling. Orally administrated indomethacin significantly enhances enzalutamide treatment through
AKR1C3/AR-V7 signaling suppression. Additionaly, we also found out that AKR1C3 regulated RNA
splicing factor hnRNPAL1 expression. HNRNPA1 regulated AR-V7 expression in resistant cells. Our
results highlight the role of AKR1C3/AR-V7 complex in enzalutamide and abiraterone resistance.
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