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Table S1. List of PACAP analogs and cAMP release in MN-1 cells treated with either PACAP
or the indicated PACAP analogs.

Peptide 1: Stearyl-Lys-Lys-Tyr-Leu-NH;

Peptide 2: HSDGIFTDSYSRYRKQ-NIe-AVKKYLAAVL-NH;

Peptide 3: HSDAVFTDNYTRLRKQ-Nle-AVKKYLNSILN-NH,

Peptide 4: HSDGIFTDSYSRYRKQ-NIe-AVKKYLAAVLGKRYKQRVKNK-NH;

Peptide 5: ACETYL- HSDGIFTDSYSRYRKQ-NIe-AVKKYLAAVLGKRYKQRVKNK-NH;

Peptide 6: ACETYL-HSDGIFTDSYSRYRAQMAVAKYLAAVLGKRYKQRVKNK-PROPYLAMID

Peptide 7: ACETYL-HSDGIFTDSYSRYRAQMAVAKYLAAVLGKRYKQRVKNK-OH

CAMP release in MN-1 cells treated with either PACAP or the indicated PACAP analogs.

EC50 (nM) of PACAP and the PACAP analogs described in Table 1 measured by BRET assay in
MN-1 cells expressing AR24Q and AR65Q and treated with either vehicle or DHT (10 nM) for 24
h.

AR24Q  AR24Q  AR65Q  ARG65Q

Vehicle DHT Vehicle DHT
PACAP 0.24 0.23 0.18 0.27
PEPTIDE 1 630 470 250 387
PEPTIDE 2 0.38 0.59 0.17 0.26
PEPTIDE 3 250 290 110 220
PEPTIDE 4 0.49 0.48 0.32 0.32
PEPTIDE 5 0.76 0.60 0.71 0.57
PEPTIDE 6 24 24 4 3.2

PEPTIDE 7 0.22 0.34 0.38 0.31
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Fig. S1. Overexpression of PKA reduces the accumulation of the upper isoform of polyQ-AR.
Western blotting analysis of AR55Q in HEK293T cells transfected with empty vector (Mock) and
vector expressing WtPKA. Cell extracts were incubated with A phosphatase (A phosph). AR was
detected with a specific antibody, and beta-tubulin (B-Tub) was used as loading control. Graph,
mean + SEM, N = 3 independent experiments. One-way ANOVA. NS, non-significant.



Fig. S2

A 1.5 AR24Q
O Vehicle 1.44
O viP2?® M -8
© 1.3% 5
AVIP27 M = xgéﬁ am 288
- = jod Y¥ ¥y §§§E§
WPACAP2° M w1 Yvy
g vV
1.14 VVVVV'
1-0 L) T 1
0 500 1000 1500
Time (secs)
1.5- AR24Q + DHT 1.5 AR65Q + DHT
1.4+ 1.4
) 89
= a0©8 o Ba mﬂlﬂnn 8,
o 1-3'0B§§AE ?gnuﬂgﬂ°°o°o © 1.37 AR, EBD oooﬁ
- Vovy AAAAAEHEEE |: Yovy ARR AEA
12 VT Ny L 121 “Vyy,
) vvvv % "vv' -
1.1 YVVyy 1.1 YVvv,
1.0 T T 1 1.0 T T 1
0 500 1000 1500 0 500 1000 1500
Time (secs) Time (secs)
B 15 AR65Q + DHT
oVehicle o 14 BWW §Ro,
OPACAP 2" M - o, "vy8%0agag
. 4&; 1 0.3 0 'VQ?QﬁAAEEQ
APACAP2"' M = ®ego, Vv,
VPACAP 2™ M = ogte, WY
W 12 i
OPACAP2® M x ..223°°8°
OPACAP2® M 14 elet
1.GI 1 1 1
0 500 1000 1500
Time (secs)
3 AR24Q + DHT
i AR24Q 15 Q
0 1.4 Mﬁgﬁﬂ ad
o 687,
'E; a.QQaEQSSQgE a, 8 ) vy 6538%8@3 8
= 13{vv,yy Hegigg 51370 vvy
E 1o vy, = B " iy
v \4
< 12 **8g00, Ty, D120, %+, Y¥yyvy
@ Wilee, TN & o 1. YO
o
1.14 °0888358, Q441 00%,0098
1.0 T T 1 1.0 T T 1
0 500 1000 1500 0 500 1000 1500

Time (secs)

Time (secs)

Fig. S2. PACAP stimulates the release of cCAMP in MN-1 cells expressing AR24Q and AR65Q.
A-B) BRET analysis of CAMP release in the MN-1 cells treated as indicated. PACAP induced

CAMP release and its effect was dose-dependent. N = 3 independent experiments.



Fig. S3

Fig. S3. VIP does not modify the accumulation of the upper isoform of polyQ-AR.

Western blotting analysis of AR55Q in HEK293T cells treated with PACAP (100 nM) and VIP
(100 nM) for 5 h. PACAP, and not VIP, reduced the accumulation of the upper isoform of polyQ-
AR. AR was detected with a specific antibody, and beta- tubulin (-Tub) was used as loading

control. N = 3 independent experiments.
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Fig. S4. Expression of polyQ-AR in MN-1 cells results in caspase 3 activation.

Western blotting analysis of caspase 3 proteolytic cleavage in MN-1 cells stably expressing either
AR24Q or AR100Q treated with DHT (10 nM) for 72 h. AR and caspase 3 were detected with
specific antibodies, and GAPDH was used as loading control. Graph, mean = SEM, N =7
independent experiments. Student’s t test.
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Fig. S5. Analysis of polyQ-AR phosphorylation upon inhibition of specific cellular

phosphatases and kinases.

A-D) Western blotting analysis of AR55Q in HEK293T cells treated with PACAP (100 nM) and
specific phosphatase inhibitors: fostriecin (PP2A inhibitor), tautomycin (PP1 inhibitor), and
cyclosporine A (CsA) and FK506 (PP2B inhibitors) for 5h. Inhibition of these phosphatases did
not alter the accumulation of the upper isoform of polyQ-AR, nor did it block the effect of
PACAP.

E-I) Western blotting analysis of AR55Q in HEK293T cells treated with PACAP (100 nM) and
specific kinase inhibitors: LY 294002 (40 uM) (P13K inhibitor), PD98059 (50 uM) (ERK1/2
inhibitor), rapamycin (100 nM) (mTOR inhibitor), inhibitor V11 (GSK3 inhibitor), and
roscovitin (20 uM) (pan-CDK inhibitor) for 5 h. Inhibition of PI3K, ERK1/2, mTOR, and
GSK3p did not modify the accumulation of the upper isoform of polyQ-AR, and it did not
block the PACAP effect on polyQ-AR phosphorylation. On the other hand, roscovitin
decreased the accumulation of the upper isoform of polyQ-AR, indicating that a CDK is
involved in the regulation of polyQ-AR phosphorylation.

AR was detected with a specific antibody, and beta-tubulin (B-Tub) was used as loading control. N

= 3 independent experiments.
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Fig. S6. Modulation of CDK1 and CDKS5 activity does not affect the accumulation of the
upper isoform of polyQ-AR.

A-B) Western blotting analysis of AR55Q in HEK293T cells treated with inhibitors targeting
CDK1 and CDKS5 for 5 h. Inhibition of either CDK1 or CDKS5 did not modify the
accumulation of the upper isoform of polyQ-AR. N = 3 independent experiments.

C) Western blotting analysis in HEK293T cells transfected with vector expressing AR55Q
together with empty vector (Mock), and vectors expressing Myc-tagged wtCDK1 and
dnCDKUL. The cells were treated with either vehicle or forskolin (Forsk, 10 uM) for 5 h.
Graph, mean £ SEM, N = 3 independent experiments. NS, non-significant.

D) Western blotting analysis in HEK293T cells transfected with vector expressing AR55Q
together with empty vector (Mock), and vectors expressing HA-tagged wtCDKS5 and dnCDK5
and treated with forskolin (Forsk, 10 uM) for 5 h. Graph, mean + SEM, N = 3 independent
experiments. NS, non-significant.

E) Western blotting analysis in HEK293T cells expressing AR55Q together with either
scrambled (sc) siRNA or two different sSiRNAs against endogenous CDK1. Graph, mean +
SD, N = 2 independent experiments.

AR, Myc-tagged CDK1, and HA-tagged CDK5 were detected with specific antibodies, and beta-

tubulin (B-Tub) was used as loading control. One-way ANOVA.



Fig. S7
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Fig. S7. Nonexpanded AR and polyQ-AR colocalize with endogenous CDK2 in the absence
and presence of androgens in MN-1 and PC12 cells.

Immunofluorescence analysis of AR (green), CDK2 (red), and nuclei (blue) in motor neuron-
derived MN-1 cells stably expressing AR24Q and AR65Q, and doxycycline-inducible PC12 cells
stably expressing AR112Q. The MN-1 cells were treated with vehicle (Veh) and DHT (10 nM) for
24 h. The PC12 cells were treated with doxycycline (10 ug/ml), vehicle (Veh) and DHT (50 uM)
for 72 h. AR and CDK?2 were detected with specific antibodies, and nuclei were stained with DAPI.
N = 3 independent experiments. Scale bar, MN-1: 20 um; PC12: 10 um.
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Fig. S8
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Fig. S8. Nonexpanded AR and polyQ-AR colocalize with endogenous CDK?2 in the brainstem
motor neurons of control and knock-in SBMA mice.

Top panels: Nissl staining. Bottom panels: Immunofluorescence analysis of AR (red), CDK2
(green), and nuclei (DAPI, blue) in the brainstem of 180-day-old control (wild type) and AR113Q
mice. Immunofluorescence analysis of AR113Q is shown in the main text. N = 3 independent
experiments. Scale bar, 25 um.



Fig. S9
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Fig. S9. Nonexpanded AR and polyQ-AR colocalize with endogenous CDK2 in the motor
neurons of the lumbar spinal cord of control and knock-in SBMA mice.

Top panels: Nissl staining. Bottom panels: Immunofluorescence analysis of AR (red), CDK2
(green), and nuclei (DAPI, blue) in the lumbar spinal cord of 180-day-old control and AR113Q
mice. Immunofluorescence analysis of AR113Q is shown in the main text. N = 3 independent
experiments. Scale bar, 25 um.



Fig. S10
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Fig. S10. Nonexpanded AR colocalizes with endogenous CDK?2 in the quadriceps of control
mice.

Immunofluorescence analysis of AR (red), CDK2 (green), and nuclei (DAPI, blue) in the
quadriceps muscle of 180-day-old control (wild type) mice. N = 3 independent experiments. Scale

bar, 100 um.

Merge




Fig. S11
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Fig. S11. Endogenous nonexpanded AR and polyQ-AR colocalize with endogenous CDK2 in
control and SBMA patient-derived motor neurons and NPCs.

Immunofluorescence analysis of endogenous AR and CDK2 in SBMA patient-derived IPSCs
differentiated to motor neurons for 7 DIV (days in vitro) in the presence of DHT (10 nM), and in
control subject- and SBMA patient-derived neural progenitor cells (NPCs). AR (green), CDK2
(red), and the motor neuron marker SMI32 (cyan) were detected with specific antibodies, and nuclei
(blue) were stained with DAPI. N = 3 independent experiments. Scale bar, motor neurons: 25 um;
NPCs: 10 pm.




Fig. S12
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Fig. S12. Endogenous polyQ-AR colocalizes with endogenous CDK?2 in the spinal cord of an

SBMA patient.
Immunofluorescence analysis of endogenous polyQ-AR and CDK2 in the spinal cord of an SBMA

patient. Nuclei were stained with DAPI; CDK2 (green) and AR (red) were detected with specific
antibodies. Bar, 25 microns.
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Fig. S13. Forskolin, PACAP, and the pan-phosphatase inhibitor OA stimulate p21Cir?

expression.

A) Luciferase assay in HEK293T cells transfected with vectors expressing either non-expanded
AR (AR12Q) or polyQ-AR (AR55Q) and the luciferase reporter gene under the control of the
p21°" promoter. The cells were treated with vehicle (veh) and okadaic acid (OA, 5 nM) for 24
h. Treatment of the cells with OA resulted in activation of the p21¢""* promoter. N = 4
independent experiments.

B) Real-time PCR analysis of p21°"* transcript levels normalized to actin in HEK293T cells
transfected with either scrambled siRNA or siRNA against p21°?* and treated with vehicle
(veh) and OA (5 nM) for 24 h. N = 4-6 independent experiments.

C) Real-time PCR analysis of p21°** transcript levels normalized to actin in HEK293T cells
transfected with either scrambled siRNA or siRNA against p21¢** and treated with vehicle

(veh), forskolin (Forsk, 10 uM), and PACAP (100 nM) for 24 h. N = 4-6 independent
experiments.

D) Western blotting analysis of p21<'* expression in MN-1 cells treated with (Forsk, 10 uM) and
PACAP (100 nM) for 7 h. Because p21°"** has a very short half-life, all samples were treated
with MG132 (10 uM) to increase the basal levels of p21¢PL. N = 4 independent experiments.
E) Immunoprecipitation (IP) analysis in MN-1 cells expressing AR100Q and treated with

MG132, PACAP, and forskolin, as indicated, and immunoblotting analysis of endogenous
CDK2 and p21°"2, Input, 10% of total protein extract. N = 2 independent experiments.
Graph, mean £ SEM, Student’s t test (A), one-way ANOVA (B-D). NS, non-significant.
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Fig. S14. Ser% of AR is conserved throughout evolution.
Alignment of the AR fragment spanning residues 50 to 111 (human AR, NM_000044) shows that
serine 96 is conserved throughout evolution.
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Fig. S15. Analysis of phosphoresistant polyQ-AR variants.

A-B) Western blotting analysis of the indicated serine-to-alanine phospho-resistant polyQ-AR
variants in HEK293T cells treated with vehicle, forskolin (10 uM), and PACAP (100 nM) for
5 h. Loss of phosphorylation at the indicated residues (NM_000044) neither mimicked S96A
nor it altered forskolin and PACAP effect on the accumulation of the upper AR isoform,
suggesting that phosphorylation at these sites is not responsible for the formation of the upper
isoform of polyQ-AR. AR was detected with a specific antibody, and beta-tubulin (B-Tub)
was used as loading control. Graph, mean £ SEM, N = 3 independent experiments, One-way
ANOVA. NS, non-significant.
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Fig. S16. Ser® phosphorylation is responsible for the formation of the upper isoform of

polyQ-AR.
A-B) Western blotting analysis in HEK293T cells transfected with vectors expressing AR55Q with

C)

D)

and without S96A and S96D substitutions together with empty vector (Mock) and vectors
expressing wtCDK2 and dnCDK2. The cells were treated with DHT (10 nM), forskolin
(Forsk, 10 uM), and PACAP (100 nM) for 5 h. AR55Q-S96A and AR55Q-S96D run as the
lower and upper AR isoforms, respectively. Forskolin, PACAP, and overexpression of
wtCDK2 and dnCDK2 did not modify the accumulation of the upper isoform of polyQ-AR
with alanine and aspartate substitutions at serine 96.

Western blotting analysis in MN-1 cells stably expressing AR24Q and AR100Q with and
without S96A and S96D substitutions.

Western blotting analysis in HEK293T cells transfected with vectors expressing AR55Q with
and without S96A, S96D, and S83A substitutions and treated with PACAP (100 nM) for 5 h.
Substitution of serine 96 with alanine and aspartate did not alter phosphorylation at serine 83.

Serine 83-phosphorylated and total AR were detected with specific antibodies, and beta-tubulin (-
Tub) and calnexin (CNX) were used as loading control. N = 3 independent experiments.
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Fig. S17. Phosphodefective and phosphomimetic substitution of Ser% does not affect polyQ-

AR subcellular localization.

A) Nuclear (N) and cytosolic (C) fractions were collected from HEK293T cells transfected with
AR55Q, AR55Q-S96A, and AR55Q-S96D phospho-mutants and treated with vehicle, DHT (10
nM), and PACAP (100 nM) for 5 h. Histone deacetylase 1 (HDAC1) and beta-tubulin (3-Tub)
were used as nuclear and cytosolic markers, respectively. Graph, mean £ SEM, N =4
independent experiments.

B) Representative images of the indicated AR55Q variants in COS7 cells treated with vehicle, DHT
(10 nM), and PACAP (100 nM) for 5 h. Treatment of the cells with DHT resulted in nuclear
translocation independently of AR phosphorylation at serine 96. AR was detected with a specific
antibody, and nuclei were stained with DAPI. N=7 Scale bar, 10 um.
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Fig. S18. Forskolin and PACAP, and not VIP, reduce polyQ-AR aggregation.

A-B) Western blotting analysis of AR55Q in HEK293T cells treated with forskolin (Forsk, 10 uM),
PACAP (100 nM), and VIP (100 nM) for 5 h. Forskolin and PACAP, but not VIP, reduced the
accumulation of polyQ-AR into high molecular weight (HMW) species. AR was detected with a
specific antibody, and beta-tubulin (B-Tub) was used as loading control. Graph, mean £ SEM, N = 3
(A), 2-6 (B) independent experiments. NS, non-significant. Student’s t test (A), one-way ANOVA

(B).
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ig. S19. Activation of the AC/PKA signaling increases the turnover of polyQ-AR.
A) Western blotting analysis of AR112Q levels in doxycycline-inducible PC12 cells treated
with DHT (10 nM), forskolin (10 uM), and peptide 7 (100 nM) upon removal of

I
%)

doxycycline (Doxy, 10 ug/ml). Forskolin and peptide 7 increased the turnover of polyQ-AR.

N = 4 independent experiments, * p = 0.001.
B) Western blotting analysis of AR55Q turnover in HEK293T cells transfected with empty

vector (mock) or vector expressing either caPKA or dnPKA, and treated with cycloheximide
(CHX, 10 pg/ml). caPKA increased the turnover of polyQ-AR, and dnPKA had the opposite

effect. N = 4 independent experiments.

C) Real-time PCR analysis of the transcript levels of human AR in HEK293T cells expressing

AR55Q together with either caPKA or dnPKA and normalized to 18S rRNA.

Overexpression of caPKA and dnPKA did not modify the transcript levels of AR55Q. N =3

independent experiments.
D) Western blotting analysis of AR55Q, AR55Q-S96A, and AR55Q-S96D in HEK293T
treated as in (B). N = 3-4 independent experiments.
AR was detected with a specific antibody, and beta-tubulin (3-Tub) was used as loading
control. Graph, mean = SEM, one-way ANOVA.
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Fig. S20. OA reduces the accumulation of phosphorylated polyQ-AR by inducing degradation

through the UPS.
Western blotting analysis of AR55Q in HEK293T cells treated with the proteasome inhibitor

MG132 (10 uM) and okadaic acid (OA, 100 nM) for 5 h. N = 3 independent experiments
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Fig. S21. PACAP induces cAMP production in vivo.

cAMP level analysis in tissues of control mice treated with PACAP27, PACAP38, peptide 2, and
peptide 7. Intranasal administration of peptide 7 increased CAMP levels in the brain and quadriceps
muscle. Graph, mean + SEM, N = 3 mice for each group.
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Fig. S22. Effect of intranasal administration of peptide 7 on body weight, food intake, and

survival of AR113Q mice.

A) Body weight analysis of control (CTR, wild type) and AR113Q mice upon intranasal
administration of vehicle (yellow), low (2 pg/day, pink), and high (10 pg/day, green)
concentrations of peptide 7. The body weight of AR113Q mice was lower compared to age-
matched control littermates and was not modified by peptide 7. Graph, mean + SEM.

B) Food intake analysis of AR113Q mice treated with vehicle and peptide 7 revealed that
treatment of AR113Q mice with peptide 7 does not alter feeding behavior. Graph, mean +
SEM, N =5 mice for each group.

C) Kaplan-Meier analysis of survival of control and AR113Q mice treated with either vehicle or
low dose of peptide 7 revealed that survival of AR113Q mice is ameliorated by treatment of the
mice with low dose of peptide 7 (y2-log rank = 3.293, P =0.069). Even if the effect of low-dose
peptide 7 was not significant, it showed a trend for significance.
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Fig. S23. Peptide 7 increases the CSA of glycolytic fibers in the skeletal muscle of AR113Q

mice and restores the expression of glycolytic ge

A) NADH representative images from 180-day-ol
indicated. Bar, 100 uM.
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oxidative and glycolytic fibers of 180-day-old

nes to normal levels.
d control (CTR, wild type) mice treated as

NADH staining and analysis of the distribution and mean myofiber CSA of quadriceps

AR113Q mice treated with either vehicle or

peptide 7 (10 pg/day). AR113Q veh N=4 mice; AR113Q peptide 7 N=3 mice; number of fibers

AR113Q veh N=237; AR113Q peptide 7 N=1
C)

95.

Real-time PCR analysis of the transcript levels of Pgkl and Gapdh in the quadriceps of 180-

day-old AR113Q mice treated with vehicle (veh) and peptide 7 and normalized to beta-actin. N

= 3-6 mice for each group.
Graph, mean £ SEM, Student’s t test.
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Fig. S24. Intranasal administration of peptide 7 decreases polyQ-AR phosphorylation and

accumulation in SBMA mice without altering CDK2, p27KiP1, and p57%iP? expression levels.

A-C) Western blotting analysis of S96-phosphorylated (A) and total (B) AR, and CDK2 (C) in 180-
day-old AR113Q mice treated with either vehicle (veh) or peptide 7 (10 ng/day). AR and
CDK?2 were detected with specific antibodies, and calnexin (CNX) was used as loading
control. Graph, mean + SEM, N = 6 vehicle- and 5 peptide 7-treated mice. Student’s t test.

D) Real-time PCR analysis of the transcript levels of the indicated genes in 180-day-old CTR and
AR113Q mice treated with vehicle and peptide 7, and normalized to beta-actin. Treatment did
not alter the expression of the CDK2 inhibitors, p27KP! and p57K*2, Graph, mean + SEM, N =
3-6 mice for each group. Two-way ANOVA.



Fig. S25. Data presented for experiments with sample sizes of less than 20.
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Figure S24C-Quadriceps
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