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The GADD45G/p38 MAPK/CDC25B signaling
pathway enhances neurite outgrowth

by promoting microtubule polymerization
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~
[®]
g
s
< boo
lo &
7
]
o
-
5
£
l< 5
< =4
b
° ° ° °
S R < S
sJouid pasenbs jo wng
~
i
2
s
C,
~
3 -
ERE:
® g =
' °
g £
g £
1 g
< C,
® g tm
]
1
g
®
~
o I
s |
] e
£
i
@
=
5
3
= -
= ®
2 2
5 ~ ]
a ] =
m = I~ @
w (2 << —
ISEES [s} =
(=]
w|S S ©
glg g °
o | =
ElF P
R ) [
c
o -
“ <
¢ 5, 7
5
< ~
o 3 g
g, b
L
\ &
- S g
E g
g ]
® g
L)
" S h S h
- - =3 o n_v
(%89°8) ZDd
n o
© 1 9 1n 9 S
N - - o o | |
vED OV
T'vED OVIv
vED OPIY

<
Q
o

NEUROD1
TBR1
TUBB3

[4e) 2074

HES1

HES3

HES5

ZLdva eoviy
T.Ldva 2ov1v
1dva 2ovty
2'1013U0d” ZDP 1Y
T°103U0d" ZDP 1Y

|043U0d"ZDY T

| Bmm PC1 (414C2)
NS NS
14
0TS
[N ]
0‘?’

PIAdVIN

H49N

rNED

0.0 7

GADDA45G

GADD45G

—0.14

10329AUB6I9 S,TDd Ul Sjuauodwod Jo [eA

.0

CDC25B

© ~ ©

CDC25B

—0.24

0.5

NCAM1

NCAM1

~0.34
—0.4 4

0.0
-0.5

GRM4

—0.54
—0.6 4

-1.0
-15

414C2
NCAM1 (R? = 0.84)
o 4142
2 -
44 46 48 50 52 54
MAPK14 (R2= 0.01)
° ° e 4142
°
° o ®

NGFR
MAPK14

Lo Mo~

GRM4

NGFR |
MAPK14

TWVON r T
2 0
((L+dL) zBor)
— vIMdVYN JO Co_wwm‘_axm BAlle|ay
r 9syaavo
: ] -
i <
* + O\V\O

T T
- 5. - [to) [=]
TYED TOVIY - o

TvedeorTy ((L+Wd1) zbol) osraavs
10 uoIssaldxe aAneay

YED 2OVTY
T1dva vy

T1dvVa 2ovTy

1dva 2ovTy

T'103U03 2OV Ty

T'103U03"Z0Y T

1013U0d"ZDpTY °

m N A e o ~ A ° -
I

[(T+ Wd1)?6ol] TWYON [(T + Wd1)?601] ¥ THIYIN

)] ~
s 5
= =
° °
8
s °
° R
3 & (i @
<) o o
I a°
- ~ a °
ZTYED VY < o
n x
) ~ L
" g
TYED ZOVTY a g g
Cle 2
- 2
V€I ZOVTY ° § o
~ - ° - ~ - ° T &
- [(T + wd1)?60o|] 852daD 26
21dva ZOrTE [(T + wd.1)2bol] Y4ON
~ b N
- ®] 9
T1dva YTy 3 ) 3
P =
L4 ®
1dva zorTy
PN
- >
Z101U0 2OV Ty a =
3 @
© ©
I S
T'1013U03 ZDPTY 3 o
Q <
¢ ~ <
1013U03 ZY TH 8 H
< 5]
I}
©
G R LT s
[(T + wd1)?60]] 95yaavo (T + Wd1)?60l] tIWHD

15

1.0

0.5

0.0

PC1 (92.97%)

PC1 (92.97%)

PC1 (92.97%)

Figure S1



Relative expression of p38

Relative expression of phospho-p38

Relative expression of p38

2.5 1

1.5 1

1.2 -

0.8
0.6 A
0.4 A
0.2 -

Control DAPT Compound 34 RK-682

Control DAPT Compound 34 RK-682

Control DAPT Compound 34 RK-682

||| BN

O

*k *k *

Phospho-p38

0‘6

Q

O

Figure S2



A ctl RK-682 B ctl RK-682
1 > 3 1 2 3 1 2 3

1 2 3
Phospho-p38 :“-- . total p38 M‘

2 - *

e 0]
% < 1.5 -
g S
1.5 - )
=5 2oL
S e c
te
5 @ 8
s 2 05 g 05
o) o . -1 >
= [0)
© 2
o 0 § 0
) IR 9, R
&8 &Y &S ‘23},59
N fa»bb N ,bbb

Figure S3



m

|0JUOD 30 9GvAddvo

x ovO

8V} — o
(nel)
YIMO.BINO )liNau dAle|oY

-
®©
T
) o
2 ™
[ O
> LLI
[0JJUOD 30 9S+Advo
(]
3 ovoe
,ovO
o) (¢
I T T T T T 1 ou\\oo V\O
Mm v N 0 ~ 1 O ©
Al — o
(nel)
(&) yimouB1no allinau aAne|ay

Figure S4



>

B-1ll tubulin

C

B- Il tubulin

DAPT

DAPT+siRNA (control)

DAPT+SB203580

e

S 1.5 1

€

c

Q

s 11

2=

o S

S5 O

° 2 *

S= 05

Ex

()

=

© 0

E < < o

x K &
Q>
%@

DAPT+siRNA (CDC25B)

DAPT

DAPT+SB203580

= 15 1

2

o

)

3 11

L=

t®©

8|\_/ *%

c 05 -

o

=

©

[0}

o 0 -
A
QA
¥ K0

Q 0‘?;19‘5
Xro@
DAPT+siRNA (control) DAPT+siRNA (CDC25B)

c
> 15 § 15 -
£ 5
2 2
‘:“ E 1 4 8 1 A
>535 9 —_
2 =
°* alc
§ E 0 5 J c 05 T *kk
Eq * 2
2 @
s : oL
© - o) %)
o D 5\ Q« & < 3
& o“\é N (,"1?)QJ Ov?§,° ??ooo
R ReP & X
SRS S
£ & S
X & X
2
© i ©
E DAPT DAPT C.34 C.34 o) 1.2 3
+siRNA (control) +siRNA (CDC25B)  +siRNA (control)  +siRNA (CDC25B) § 1 4 _I_ i)
c C
75kDa___ .gﬁ 08 1 . S
CDC25B @o 0.6 @
50kDa — 28 o4 | s
B-actin g : g
37kDa —— > 0.2 >
© ©
& A\ N &)
Q
Q&o<$ N qu&
O RO
QA QN
£ ¥
Y— X &
o 2
* X
5] 2
F siRNA (control)  siRNA (CDC25B) i.)
i s o 15 -
P-CRMP2 [ o 2=
% S
50
3 05 |
B-actin 0
g o -
g SO
> G_,\OO
SERE

Figure S5



Figure S6

RK-682

NS
Q
@“%@
%

o uv&wo\o%
1 QO
B,
P08,
= - 8 ° %
ulingn-o pajejkleoe
1O |8Aa1 uoissaldxs aAle|ey ulingn}-o Ugm_\ﬁ@o(\ ulingny [ -@ / ¥SYO30H

RK-682

B
~

(30)

ctl
2
Control

a e W, O

1
-

Acetylated
a-Tubulin
B-actin

<« o ulingni-o pajejA}edy / uiingny ||-¢g / 1SYoeoH



Supplemental legends.

Figure S1. The potential of GSls, which induce neuronal gene expression patterns,
was confirmed even in neurospheres derived from the 414C2 cell line., Related to
Figure 1.

(A) Heat map of neuronal lineage-related genes showing that DAPT and Compound 34
induced neuronal gene expression in neurospheres (derived from the 414C2 line).

(B and C) A scatter plot of the expression patterns of neuronal lineage-related genes that
were decomposed by PCA is shown in Figure S1B. Each point was classified by k-means
clustering, and the color of the point represents its cluster. Figure S1B suggests that the
cells with DAPT or Compound 34 have similar expression patterns of neuronal lineage-
related genes and are different from those of the control cells. In Figure S1C, the
horizontal axis shows the number of clusters, and the vertical axis shows the sum of
squared errors between the cluster centroids and each point. The “elbow” point, at which
the line chart bends and plateaus, suggests that the optimal number of clusters is 2.

(D and E) In hiPSC-NS/PCs (derived from the 414C2 line) treated with DAPT or
Compound 34 and control hiPSC-NS/PCs, MAPK-related genes were extracted from
among all fluctuating genes, and heat maps of their gene expression levels are shown.
The color of each square represents the log>(TPM+1) value in Figure S1D, while that in
Figure S1E represents the Z-score value calculated from the log>(TPM+1) value of a
single gene among all the samples.

(F) The log2(TPM+1) values of the genes listed in Figure S1D and S1E in the hiPSC-
NS/PCs (derived from the 414C2 line) were decomposed by PCA, and the feature values
were extracted as PC1. Figure S1F shows the components in the eigenvector of PC1
and suggests that GADD45G is the top representative gene for PC1, which explains

92.97% of the total information in the expression matrix.



(G) Linear regression models for each gene listed in Figure S1D and S1E. The objective
variables (shown in the vertical axis) are the log2(TPM+1) values, the explanatory
variables (shown in the horizontal axis) are PC1 calculated in Figure S1F, and the R?
values are the coefficients of determination. The fact that the linear regression model fit
PC1 well (R?>0.26) for GADD45G, CDC25B, NCAM1, GRM4, and NFGR suggests that
the expression patterns of GADD45G highly resembled PC1, which explained 92.97%
of the total information of the MAPK-related gene expression matrix.

(H) The expression of GADD45G in hiPSC-NS/PCs derived from hiPSCs (414C2 line)
treated with DAPT or Compound 34 was quantified (transcript level) (n=3; p<0.001,
p<0.001).

Statistical analyses were performed with one-way ANOVA and Tukey-Kramer post hoc
tests. The values in the bar graphs represent the means + SEs. ***p < 0.001. C.34:
Compound 34.

() Expression of MAPK14 in hiPSC-NS/PCs (414C2 line) treated with DAPT or
Compound 34 (transcript level) (n=3; p=0.937, p=0.935). The expression of MAPK14
itself was not significantly changed.

Statistical analyses were performed with one-way ANOVA and Tukey-Kramer post hoc
tests. The values in the bar graphs represent the means + SEs. NS: not significant. C.34:

Compound 34.

Figure S2. Treatment with DAPT, compound 34, or RK-682 increases only the level
of p38 phosphorylation without changing the total p38 protein amount., Related to
Figure 1 and Figure 4.

(A) Relative comparison of total p38 protein expression in hiPSC (201B7)-derived

neurospheres treated with DAPT, Compound 34, or RK-682 (n=3, p=0.900, p=0.973,
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p=0.936).

(B) Immunostaining image of total p38 when hiPSC (201B7)-derived neurospheres was
treated with DAPT, Compound 34, or RK-682.

(C) The expression level of phosphorylated p38 in hiPSC (414C2)-derived neurospheres
treated with DAPT, Compound 34, or RK-682 (n=3, p=0.00900, p=0.00500, p=0.025)

(D) Immunostaining images of phosphorylated p38 in hiPSC (414C2)-derived
neurospheres treated with DAPT, Compound 34, or RK-682.

(E) The expression level of total p38 in hiPSC (414C2)-derived neurospheres treated
with DAPT, Compound 34, or RK-682 (n=3, p=0.571, p=0.949, p=0.843).

(F) Immunostaining images of total p38 in hiPSC (414C2)-derived neurospheres treated

with DAPT, Compound 34, or RK-682.

Statistical analyses were performed with one-way ANOVA. The values in the bar graphs
represent the means + SEs. Scale bars: 100 ym. NS: not significant. *p < 0.05, **p <
0.01. For each experiment, the experiment is performed three times and 10

neurosphere's are observed when taking the average of each group.

Figure S3. Treatment with RK-682 increases only the level of p38 phosphorylation
without changing the total p38 protein amount in differentiated neuron., Related
to Figure 4.

(A) Western blot analysis of phosphor-p38 between the control group and the RK-682-
added group. On day 5 after the induction of neuronal differentiation, DMSO or RK-682
was added, and neurons were cultured for 48 h (n=3; p=0.0467).

(B) Western blot analysis of total p38 between the control group and the RK-682-added

group. On day 5 after the induction of neuronal differentiation, DMSO or RK-682 was
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added, and neurons were cultured for 48 h (n=3; p=0.166).

Statistical analyses were performed with unpaired two-tailed Student’s t-tests. The
values in the bar graphs represent the means * SEs. *p < 0.05. NS: not significant. Ctl:

control.

Figure S4. Overexpression of GADD45G causes neurite outgrowth., Related to
Figure 2 and Figure 3.

(A) GADD45G was overexpressed in the hiPSC (201B7)-derived neurospheres and
neurite outgrowth was quantified; GADD45G overexpression significantly elongated
neurites (n=3; p=0.00311).

(B) Immunostaining images of tau with the addition of control vector expressing Veunus
and forced expression of GADD45G (reporter: EGFP).

(C) GADD45G was overexpressed in hiPSC (414C2)-derived neurospheres and neurite
outgrowth was quantified; GADD45G overexpression significantly elongated neurites
(n=3; p=0.00243)

(D) Immunostaining images of tau with the addition of control vector expressing Veunus

and forced expression of GADD45G (reporter: EGFP).

Statistical analyses were performed with unpaired two-tailed Student’s t-tests. The
values in the bar graphs represent the means + SEs. Scale bars: 100 um. **p < 0.01.
For each experiment, the experiment is performed three times and 5 neurosphere's are

observed when taking the average of each group.



Figure S5. GADD45G/p38 MAPK/CDC25B signaling promotes neurite elongation.,
Related to Figure 4.

(A and B) Differentiated neurons were immunostained for -1l tubulin (A) or tau (B).
Neurite lengths were compared between the SB203580-treated group and the untreated
group. The elongation of neurites was suppressed in the SB203580 group (p=0.0251,
p=0.00621).

(C and D) After siRNA-mediated knockdown of CDC25B, neurites did not extend.
Immunostaining for B-l1l tubulin (C) or tau (D) was performed to quantify neurite length.
Neurite elongation was inhibited in the CDC25B knockdown group (p=0.0126,
p=0.000633).

(E) siRNA knockdown efficiency of CDC25B as determined by western blot analysis in .
(F) Knocking out CDC25B with siRNA in the iPSC-derived neurospheres increased the

extent of phosphorylated CRMP2, which was confirmed by western blotting.

Statistical analyses were performed with unpaired two-tailed Student’s t-tests. The
values in the bar graphs represent the means + SEs. 10 neurospheres were observed
for each experiment (A-D). *p < 0.05, **p < 0.01, and ***p < 0.001. Scale bars: 100 pm.

Ctl: control.

Figure S6. p38 MAPK/CDC25B signals are not involved in microtubule stability.,
Related to Figure 4.

(A) Western blot analysis of acetylated a-tubulin between the control group and the RK-
682-added group. On day 5 after the induction of neuronal differentiation, DMSO or RK-
682 was added, and neurons were cultured for 48 h (n=3; p=0.684).

(B) Immunostaining images of B-1ll tubulin (green) and acetylated (Lys40) a-tubulin in
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neurons (red). DMSO or RK-682 was administered 5 days after the induction of neuronal

differentiation from hiPSC-NS/PCs.

Statistical analyses were performed with unpaired two-tailed Student’s t-tests. The
values in the bar graphs represent the means + SEs. Scale bars: 100 um. *p < 0.05. NS:

not significant.



