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Fig. S1. RFC4 gene expression in TCGA PanCancer database. 
A) Analysis of RFC4 mRNA expression across multiple glioblastoma cohorts in the BEST database (https://rookieutopia.hiplot.com.cn/app_direct/BEST/) revealed consistent upregulation in GBM specimens compared to non-tumor controls. B) BEST database analysis revealed higher RFC4 expression in recurrent tumors. C) Kaplan–Meier survival analysis on cases with RFC4High vs. RFC4Low from TCGA-GBMLGG (left) and CGGA (right) database. D) High RFC4 expression promotes tumor recurrence and shortens time to recurrence. E) Patients undergoing chemotherapy exhibited elevated RFC4 expression compared to untreated controls in TCGA-GBMLGG database. F) Kaplan–Meier survival analysis and recurrence curve on cases receiving chemotherapy without radiation therapy under specific gene expression patterns according to TCGA_GBMLGG database. Elevated RFC4 expression is associated with reduced overall survival (OS) in glioblastoma patients receiving chemoradiotherapy, particularly demonstrating pronounced prognostic impact in chemotherapy-only treated cohorts. G, H) Stable isogenic U251 and Ln18 cell lines with RFC4 overexpression (G) and shRNA-mediated knockdown (H) were established, with RFC4 expression levels validated by western blot (β-actin loading control).
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Fig. S2. Gene Set Enrichment Analysis (GSEA) reveals enrichment of autophagy pathway in recurrent glioblastoma and RFC4-high tumors.​​
A, B)​​ Significant enrichment of the REACTOME_AUTOPHAGY gene set in recurrent versus primary glioblastoma (rGBM vs. pGBM) was demonstrated by GSEA analysis of the CGGA database.​ C, D)​​ GSEA (CGGA): REACTOME_AUTOPHAGY enriched in RFC4-high vs. RFC4-low GBM tumors.
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Fig. S3. The clinical and therapeutic significance of STK38 in GBM. 
A-C) STK38 mRNA expression is significantly elevated in GBM compared to non-tumor tissues (A) and progressively increases with higher WHO tumor grades (​B), particularly in IDH-wildtype subtypes(C). D) Therapeutic exposures modulate STK38 levels, showing marked upregulation in chemotherapy-treated patients (​P=0.0108) and dose-dependent induction by TMZ across six GBM cell lines (E, 100-800μM, ​**​P<0.001). F) Survival analyses of three independent CGGA cohorts (301/325/693, total n=1,263) reveal STK38-high patients exhibit substantially reduced median overall survival. 
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Fig. S4. Integrated analysis demonstrates the functional dependence of RFC4 on STK38 in glioma progression. 
A) Scatter plots reveal a significant positive correlation between STK38 and RFC4 mRNA co-expression across CGGA693 and TCGA-GBMLGG cohorts. B) Protein-protein interaction network identifies STK38 as a key node functionally linked to RFC4, suggesting direct regulatory interplay. C, D) Survival analyses delineate markedly reduced overall survival (OS, C) and recurrence-free survival (RFS, D) in patients with dual high STK38/RFC4 expression compared to low-expression subgroups, underscoring the clinical relevance of their synergistic activity. 
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Fig. S5. The T444 mutation in STK38 inhibits autophagy. 
A) ATAC-seq was used to detect the chromatin accessibility of STK38 (36,459,669-36,517,256) and BECN1 (40,960,152-40,978,300) in LN229 TMZ-resistant cells. 
B) Different STK38 mutation plasmid was transfected in U251 and Ln18 GBM cells when STK38 was knocked out and RFC4 was overexpressed. LC3B was detected by Western Blot. T444A mutation of STK38 hindered the autophagic process induced by RFC4. 
C) Western blot validates RFC4 overexpression and STK38 manipulation in U251/LN18 cells. RFC4 levels increase in overexpression groups (RFC4) compared to control (CTRL). STK38 knockdown (RFC4 shSTK38) abolishes endogenous STK38 while maintaining elevated RFC4. Rescue experiments were conducted using STK38-WT or T444A mutant plasmids engineered to resist shSTK38-mediated knockdown.

image5.jpeg
BECN1

STK38

0-1]

0-1)

0-1)

0-1)

0-1)

0-1)

CTRL

CTRL

CTRL

T™Z

CTRL

CTRL

CTRL

™Z

™Z
™Z

40,978,300

40,960,152,

36,517,256

36,459,669

Vibhaoussbd4Y
IMcusib 4
aouseb QY
yO4y

Lo

35kd

RFC4

35kd

YoibaesebI4Y
LMt OdY
sonsusr 4y
yOdY

LD

o
&
=1

RFC4

V168
V1828
\igea®
INOEZa
V0.2l

s

vi6s
V1828

@|VbrpL
EpNogza

W0LZL
1Mm-s

|- 40kd

Myc

50kd

Myc

s == = Lo
o

B-actin

40kd

B-actin

43kd

p-actin

B-actin| e —= = == = — -43kd

Ln18

uz251




image1.jpeg
A B
E_MTAB_3892 GSE108474 GSE15824 GSE16011 CGGA_301  cacAee
Wikoxon,p - 98607 Wicoron,p =480-13 o wicoon p-0015 T estp=ssent Wicoron, p- 0.041 T Wicoron. -0 0011
e ? i ® T T
H H g, g: ge H
& a' i 1 & &
3 g g g 3 3
E £ £ E £ B,
' B i
: [
N T N T N T N T Primary Recurrent Primary Recurrent
Tissue Tissue Tissue Tissue Tissue Tissue
C TCGA_GBMLGG CGGA D TCGA_GBMLGG

Histology:All; Subtype:All
~ RFC4High(n=334,events=

; Cutoff:median
53.median=30.2)

Histology:All; Subtype:All; Cutoff:median

~ RECAHigh(n=313.even!

00,median=30.5)

Histology:All; Subtype:All: Cutoff:median
——RFC4High(n=347 median=505)
——RFC4Low(n=348, median=1242)

~ RFCALow(n=333. events=86.median=80)  ~ RFCALow(n=320, events=142,median=98)
100%] 100% 100%
HR=0.43,(0.33-0.56) HR=0.5,(0.4-0.62)
75% FrxLog-rank p valu 75 wexlog-rank pvalue=0  E7sy, p<0.0001
g Wilcoxon p valu 2 ***\ilcoxon pvalue=0 8
Ss0%) £ so% & 500,
@ a v
25% 25% 5% G uzstLnis
" o o
i
% o% o 68
[} 50 100 150 260 50 100 150 o 2000 4000 8000 adad
0S (Months) 08 (Months) RFS (Days) IC
E F
TCGA_GBMLGG TCGA_GBMLGG RFC4| —  w»6akd
O No Therapy (108) O No Therapy (94) 37k
Survival of Patients Survival of Patients
0 Ghemor+Radiotherapy(156) [1 Chemotherapy alone(96) with Chemo+Radfofherapy with Chemotherapy Alone Bactin] = ==—l|43kd
P =02079 P=00139
J 10 K J10 1 E 100- ~ RFC4 Low E 100 — RFC4 Low
e P b4 + H 55 e
L4 2 g 2 i RFC4 High g s RFC4 High H U‘i‘%%‘g
5 5 P<0.0001 & P<0.0001
5 8 58 3 50 T 50 EoED
2 2 = z cebi
2 2 QEIL
8 7 E 87 i F 3 AR
s g [
a3 a g1 % a0 aoo0  ewo 0 1000 2000 3000 4000 5000 . o
-actin 43k
TCGA_GBMLGG TCGA_GBMLGG 0S(Days) 05(Days) -octn] SRR 43




image2.jpeg
>

[¢]

Ranked List Runnin

g Enrichment Score

Ranked List Running Enrichment Score

Metric

Metric

o

L
4

!
" L oooo

28288

cag

34

CGGAB93

REACTOME_AUTOPHAGY NES padjust

CGGA301
©  REACTOME_AUTOPHAGY

NES _p.adjust

1.81_365e-05 g o [1.82° 4.186e-05
EACTOME_AUTOPHAGY g 03 REACTOME_AUTOPHAGY
E 02
‘g’ 0.1
&
2 00
LLLLIALI 1 & (UL 0 1
Reccurent GBM (Up-regulated) ER ?| Recourent GBM (Up-regulated)
Reccurent GBM (Down-regulated) %E:E Reccurent GBM (Down-regulated)
500010000 5000 20000 ¢ 5000 10000 15000
Rank in Ordered Dataset Rank in Ordered Dataset
CGGAB93 CGGA301
REACTOME_AUTOPHAGY ©  REACTOME_AUTOPHAGY
= NES  p.adjust 3 NES  padjust
134 00335 B 03 1.86 4.941e-05
REACTOME_AUTOPHAGY 8o W
£
2 01
ESJ’ 00
T R £ L i
Primary GBM RFC4 high g, 3] Primary GBM RFCA high
Primary GBM RFC4 low %g :Of AT CoM RECA I

5000 10000 15000

Rank in Ordered Dataset

20000

5000 10000
Rank in Ordered Dataset

15000




image3.jpeg
Expression of STK38 in GBM >

m

Relative Value

B C
5 CGGAB93 CGGA 325 . _CGGAS325 3 No Therapy (105) 1 No Therapy(s4)
P=0.0035 O Chemo+Radiotherapy (156) [ Chemotherapy Alone (96)
g z P=24e-07 14 4iE w08
8 | P<o0.0001 (g —
R 2 : 81 2
g Lo 8 Bz £ g
2 | . £ @ 3
1 81 G 5 : 2 4
g 5 210 S10
g : H § é H @
< : 2 H H [
g7 o 2 i £s : g :
E | : 4 : 2 &
i i ol
0 - 0 o o
Non-umor GBM Grade:2 3 4 IDH: Mutant Wildtype
E
© CTRL - 100uM - 500uM - 800uM CGGA301 CGGAI2S CGGAGSS
4 o STK38 Low(n=151, M=1638) STK38 Low(n=163, M=3239)
- ~ STK38 High(n=150, M=811) ~ STK38 High(n=162, M=426)
Hre— 100 100
*x
| — T T £ 5 £ s P <0.0001 AN P <0.0001
‘ pllogll @ :
B o . N
IN229 U251 A172 091214 DBTRG G 2000 4000 6000 0 200 4000 6000 0 2000 4000 6000

05MG

os

os

os




image4.jpeg
STK38 mRNA Level

Survival Percent

CGGA 693

TCGA-GBMLGG wPp1RAD17 65,
MOB1B PCNA
12 poLD1t MAP3K2
4 3 v .
g POLE . MAP3K1
N d RFC4.
2 z Lol MOB1A ATADS
£ ¢
H « .
4 RFC2 STK38 RADOB
b e
o @ L
2 RFC1 UGt
R=0.81 R=0.2408 . e
P<0.001 P<0.001 RFCO_g
E RFCSRADOAHUST
2 0 2 4 6 8 6 7 8 9 10 11
RFC4 mRNA Level RFC4 mRNA Level
CGGA 325 CGGA 301 TCGA-GBMLGG D TCGA-GBMLGG
- R4"s38 — R4"s38"(n=91, M=480) - R4"s38(n=234, M=605) ~ Rafs38M(n=234, M=394)
RA4-S38"Y R4\838"(n=59, M=2994) RA-S38"(n=113, M=1525) Ra-538'(n=113, M=797)
Ra"s38-( Ra"S38" (n=59,M=567) R4"838"(n=113 M=1585) RaM$38" (n=113 M=1106)
= R4'538( .~ R4'$38'(n=02,M=3647) .~ R4's38Y(n=236,M=2988) - R4'538'(n=236,M=1604)
00 g 100 2 1004, 100
4 N, 4 =
75 \xpfo_‘oom 8 ™1™ p<0.0001 878 p<0.0001 g 75
50 7 50 g 3§ 50 & so
g s = w
26 g 25 2 25 € 25
ot = ® o ® o o
0 2000 4000 6000 0 2000 4000 6000 0 2000 4000 6000 8000 0 2000 4000 6000

0S(Days) 0S(Days) 0S(Days) RFS(Days)




