OPS/images/fimmu.2025.1540998/fimmu-16-1540998-g007.jpg


OPS/images/fimmu.2025.1540998/fimmu-16-1540998-g004.jpg
A Differences in promoter methylation levels

TP [ACADM

H BEEEE | B | | B [ |COL12A1
HE HEEEE BN FARSA
H EEE | G0S2
HEEEEEE B HSPA8
HE BN B | | |KCNJ2
B KCNQ1
B B PER1
B [ ] ] PHKB
B H B PUS1
H B | | | |RYR1
B B | | |svIL
HEEH B B BEEEE EEEE) v
HEEEE BN BHEEE B B B Zu
WWOOOMOIXAXCCC IO O U OO0V AddC
CAMIQONWZognISECEZOTIMBEIdIIO
0080250825525 38222503R

B Correlation between promoter methylation level and mRNA expression

 BH HEEE B BEEE EEEE EEEEE BEEEpeny

il EEEEEEE BN EEEEEE | | B | | |ALDH4A1
H HEEEEEEEE BEE EEEEEE HE || COL12A1
HEEEE EEE EEEEEEEEEEEEEEEEEEEEE R

m n G0S2
HEEE HEN HSPA8
Al EEEEN T A I N e
[ ] ] || H B BN EEpe
HENEEEE N Al EEE BN BN PER1
AN EEEEEENEE EEEEEEN | I W |PHKB
HE HEEEEENN N DA ey
H EEEN EEN | HE EEE EEELG
| H B EEN L[] N [ [ svIL
H Bl EEEEEE § EEEEEEEE B TK2
Hll Bl HEEEEEEEEEE BEEEEEEE EEEEZC
PO WOOQUMAOIXNXAXXDCCEZ2QI VI IV AdddCcCC
O IMIQOCPWZogg@RICCmMIZOTMBEAIAdOIITONL
OQOROEBOSLIOTOOELE IFZER2E9Q3N0=





OPS/images/fimmu.2025.1540998/fimmu-16-1540998-g005.jpg
()
=
> 3 3
B e S
14 o o
[ ] —
-<
- S
0N << «
A +« o —
BEZZoarsoR2=raE
—
OrLelr st aIasS
[ | HEE B Bl
HE B BEE BN
[ | [ [ [ |
H B
HEE B B H ER
[] [ |
© |
2 m
S E
n Bl = [ | ]
T m E N
= = [ | -
o
o [ | ]
%w [ [ ] | [ |
H B BN H EEEE B
oN  HENE NN B N
c BT [ | | HE EEEER
% HE B
2 n =
(mly | ]
H B
]
[ |
L] [ |
[ ==
ME E H EE N
(]
=
> 3 3
» X S
14 o o
[ ] L 1
<
- S —
0N << «
OO +« 0 —
RN L
—
Orelr st aIasS
[ [ | HER
[
[ |
[ |
= [ | [ | [l [ |
> [ | @
S = [ | [ |
=l
o [ | [ |
& E EmE
™
o
s B
o
0
a H N
H BN [ |
H | [
[ | |
[ [ | [ | [ |
|
<m HE E =

PHKB
[l COL12A1

UvMm
ucs
UCEC
THYM
THCA
TGCT
STAD
SKCM
SARC
READ
PRAD
PCPG
B PAAD
oV
B MESO
LUSC
@ LUAD
LIHC
B LGG
B KIRP
M KIRC
I KICH
HNSC
I GBM
ESCA
DLBC
COAD
CHOL
CESC
BRCA
BLCA
ACC

p>0.05

IM$y
I Protective

HSPAS8

B KCNJ2
KCNQ1
PUS1
ACADM
TK2
ALDH4A1
FARSA

[ sviL
LAMP2

B Gos2
PER1
] MGME1
[l RYR1
[ MLIP

Progression Free Interval

p>0.05

Imxy
I Protective

B Gos2
HSPA8
KCNJ2
KCNQ1
PUS1
ACADM
TK2
PER1
MGME1

B W ALDH4A1
FARSA

[ svIL

LAMP2

Overall Survival
0

Om

B VAPA
PHKB
COL12A1

m
c
<
<

[ UCEC
THYM
THCA
TGCT
STAD
SKCM
SARC
READ
PRAD
PCPG

B PAAD
oV

[ MESO

LUSC

M LUAD
LIHC
[THN LGG
B KIRP

7@ KIRC
[ KICH
B HNSC

GBM

ESCA

DLBC

COAD

CHOL

CESC

BRCA

BLCA

ACC

PHKB
[l COL12A1

uvmMm
ucs
W UCEC
THYM
B THCA
TGCT
[ STAD
SKCM
SARC
READ
PRAD
PCPG
B PAAD
oV
M MESO
LUSC
[ LUAD
LIHC
LAML

[ BWLGG
B KIRP

[ KIRC
[ KICH

B HNSC
|

GBM
ESCA
DLBC
COAD
CHOL
CESC
B BRCA
M BLCA
I ACC





OPS/images/fimmu.2025.1540998/fimmu-16-1540998-g006.jpg
VAPA

RYR1

_—
Q
=)
©
>
o
N
S
1
o
ke)
:

PUS1

-log10(Pvalue)

PHKB

PER1

LAMP2

Correlation

KCNQ1{ @
KCNJ2

HSPAS8

G0S2

FARSA

-0.4

COL12A1

ALDH4A1

ACADM

& @ °
o @
( J o (] ® L
{ ] o @ (@] [ J [ J
o O @ o
(2] ®
O ¢ )
O e
o ® - o
e L]
@
O
© ® o { ] ©
o o @ o
o ° ®
{ ] [ J { ] ® ®
L Y O o ®
o O €] o ®
— — — m — N — AN 0] [V} — —
i S o 2oz g3
4 & = =2 T Wl = =2 &£ 8 S o 8 = F
> r o o o € g @8 u O g 73 L )
4 x ¥ = =8--I
A il

<~

snjjioequapong
el|Issewe||910naid
Jayoeqoiseueoydad
e||e1ebuny
e|jauelsp|oH
e|jai9zzA]
WINIpL}SO[O0OUYOEeT
J18)0BqIUa)EdISN 4
e||910n8.1do]| Y
elyebby
wnjnoeqolewo}g
wnjnoegolaeueouyoe]
e||e1onaidered
seuowouAing
enne|q
seuouiinied
J830eql||losQ
BIAOPJBISO||Y
Ja10eqnebaibby
e[jaisauleg
soploiajoeqeled
J810BqLIOPO
wnueequO
eIsUBWLISYYY
sadysi|y
wnuajoeqiiedae
e||alauue]

ealo(

elyjesug
SNO0000I9BUY
snjiydiuoydad
snqgojboioeuy
wn1iajoeqolos
e||asul]joo
sn|ioeqoldo)
wnraeqiboly
wnuaeqoasiiy)
eidosne’
elydooiqy
J0j08ell|i 4
g|[auo}ed
ejjalenng
Js8ysielq

ejiydojig
sN200504d0)
wnuajoeqojole|odseyd
eljebury

elyjoy
elyoljoyda]
E|[[SUO][ISA
eJidsouyoe]
e[jalaupien
oydisoway |
ewse|dooA
winLI8}0eqooAN
wnuajoeqiuoidold
wnuayeqny
wnusoegaukion
uinusioeqopiyig
saoAwounoy
snj||ioeqo}oe
wnipuso|D
wniqodoly
snoooooydang
snoo020jAydels
snodooouILINy
m:ooooouambmo&mn_
ebeydojfoouden
seuowouales
eioeydsebo|y
wna)oeqosn
elINgasoy
g||e10n8id
seuowolAydiod
OLgIALAING
saploiaoeqg
snjiydowseH
E||91Sg3[ M
eIyolIdaYdsy
Jayoeqoisjul
Jsyoeqond
B[|susyig
ellassioN
Ja)oeqolauny
wnieeqolby
seuowopnasd
snooooeied
Ja10eqodlleHy
Ja10eqojAdwen
ewauodal]

*%

*kk

dk
*kk

ACADM
ALDH4A1
COL12A1

oot NTO®©

e ~
ocooo OO0 |

Kk
*k * k%

*kKk

*k

*kdkk
* kk Kk hkkk

*kk

*k

K%k
dk k| ok kkk

ekdkAkkk

dk

*kk

K ok ke Aok

Fkdkkk

* %

*k

*k kk *k *kk

*

% dedke Rk dokeok

*
* % * %
* ® % % &
*
ud *
* & * * % % *
¥ K3 x %

* % HE ¥ % *
*** **%

* * % ¥ x % *
¥ *ox * ¥

* **** * X
* o ox
* * ® % F *
* *® % * *
* x * X * X x
* * X *

* *

* * S 3

IR I
¥ * x
* 5 ¥ x *
* * *

*

* x| X

=T x % x ¥ ox *

* X% IR *
* x ok k% x o %
* ok % % * ]
H—z e Lk
*
% * %

- * * x % % *

* * PRI *
¥ B
* PIEIEIEIE Ik *
¥ *o * ¥ H *
& * % % * % % *

* T x  xwy  x

* *

o — e E
* X x| % * % *
* *  Foawa x
* * IEIEIEIE Ik ] *
* % I T I R

MEIEIE IR IE T *
¥ *Fraax %
* % % ¥ ¥ ok x
EHHEHEEE
* XK KLk *

* *

* %

* *

*

*

* u * x x *
& & B *
* * od bed
* * *

*
* *
*

* * HE
& * %
B i
x * * %
IFIEIE IR * %

* * %
E3
* x % *
* x * Ik x
* ¥ x ok
: s
*
* * X &

* % %
=15 * * x % %
*** x| ®|*® x ¥ *x *

[ e ]
* * X xx &
* *
* g e — R
* IHL * ¥ % %
* * * * x x
* * *
*
* * *
* * x %

* * %
* % % ¥ %

x * * ok KX

* *
*
* Xy ok K% *
* * % IR X
X * * ok % *
* * * X

* *

* * oy % * X %

* * LIHE] * % % *
¥ ox * * ¥ x ok ox
% * & * x

* * * * ¥ ox

ok PRI
* *
x| ¥ * *****Hm
* * o, % Fowow ¥ X
* * ¥ ox * % % ]
* * * * Kk
x| %
* * x % % *
% BCIHCIACICICIEL]
* * * F ok *
* % *
* KKKy *x
ACICIEIE * % %
¥ x f % PR
* * F *
* ¥ ¥ o« *
* & x % %
* X ¥ #*Kxx
* * * * %
5 I R
¥k IR e *
¥ Foaox % %% %
* * % S IE 1AL * *
* kR T
% ol * * *
* *
* * *
* * *
¥ * *
* x| % F * % %
* * * g
x * *
N ETERE
* X ok X
*
* *
x * ** *
T ELELE
* *x e Fox
* * ABIHELCICIE
* * X * ok ox
* * *
*
* *
* * *
E3
* *
* ¥ & *
* * ¥ ¥ * * iy
¥ * ¥ ox %
*x Fx o« x ¥
.4 B B 1*1*1@
<CANONT—NT—M = JN<L
rQEZZSUTO>7F<
<ONOG<gannx™” =
L X ]

E

Color Key
and Histogram
0

O

@ccccoc@ecscscccccccee@OOOO:++c@cc000:00:00cc0 @0

Oooo..o..o..o-.co.-o-oo:-o-on-00....0..-.-..00-.

@eco0coocc@-0o
X XX ERY KN R
00c 0 @0 o
@ccoecoocce
@cc0c@e00co0
©cc000000 ¢ o
@oec:-Q00-00Q°
©000°00°°0 ©c000°00

0°00000000°00 0 o....c.o..o...\wvoo
©c000:°-0°0000 0@c@o 000 .vmunw,\\
@ce-@-0000- - c @090 o .&\M\«
e@ccoo: 0000000000000 c-0°0-00Q0c0c--0000 . %%«
00000 o0 [ Y RRY T TRIEY XY IRY " " TERY PRy XYY ) .\v«%
.ooo.......-...o......u!...-.....o....o...-oo .00%6
00:000000°::00000000-000000c0-0 ecc@c@oc-o00 ooeve
00000 -°0:0°:0:00°- -0 @@ e - o .O.....-o. QO.OV/V%
0::20c0:0200:0020:000:000000 -0:00:000000-0000:00:00° Ovm\o‘

000@ @00 0 o o o.....o......... \,M\v\m\
ce@c@cc@00 ....00-...-..-...?@0
e@coc@coo . .-...0....00..0.00%@
@ecoc0c0@ oo...o.-.ooc..ooQMVO
c@e@-Qo0 - - c0@0:-00:20000:-Q- .
00csc@c0oe 0-....0...00..0.00%0
. RS
X
s oo, %
©:00000000°:00:°:00c000 -0 :-Q-0@fo0c0co- ..QFWVVaV
©000:00000:0000°:000@c0c:00000¢:Q0c00@c0c@O0-0:00Q [ %
. .
S0LZUNOV>ZO0WUN>Z00YNCdOUWALZUUWLOOLSSONESW>ZNEEZONSONWZOWZY
BzZO02¥zp<02243020>7238°05229222%x02020520L<50020Q200%00
SIS B oUW FESomEE w0080 0556520270SFEdadE <O FEUWgFL
0ZIRPOHIZIWILOISIZLEEIE II00T2co Sl uSctort0z902
0Zz220 JZzWEpzx IR JZUww=z022000822>020xow \2%aclavgaSzugud
<055 0S00Lu00g3000000IINNA0OTI000<WEE 13229338983
LOgaE 02 b0F L 002 EE0022reen Logslhis2E, 22250 TEEae
S0 70T OB ISR E SO0/ 0w 2005585685883 955 22225
JEEEESLE0E0 90 JoeRomETakl Lo 052 OI g fogyi<
SO rzaFulEE < 85 2355, yS808F ST Jged 5 zzog
WMWWONB_EPWM, & Hm MMWMM%ANZNS_S_ oy GMRER._W 02 << mw
) EOWL GO R, a S O I 12 _IT @
@O [ R) I vE®] | ¥y _lzZ2¥Yy a Sz o g} a9
o NE zo z z655= w O =g zZ5
2 od" B % 2 2 PR T Egeq E <2
Y au 9 ¥ E Twgyg fxon u
) 8z X 2 < ww 5 < oy 2
I = a [a) L= WES
[ o O =3 [~} we X
z g o m u e w - o
= 5 = z2 =
B w
Q I
< E
4 a
o w
T = z
= oN
g 5 - ¥ 9 8 a0 & 2 &9 . = =
EEEREEEEEREEEERE
=
2 £ 2 I £ a8 2F 3o & 48 s

=
=

‘I-

Value

-0.2

-0.4

-0.6

00§

00 0

oy

4

d0glO(FDR)2 » 0 @ 1 @ 2 @ 3 @ 4

321012

NES





OPS/images/fimmu.2025.1539396/table1.jpg
Disease
Type

Disease Effects of cGAS-STING signaling pathway Reference

diABZI and promotion of DNA damage activate the cGAS-
Lung cancer STING pathway and increase the sensitivity of NSCLC cells (37)
to radiotherapy.

It enhances T cell responses and inhibits tumor growth and

Li 38,
s fver cancer metastasis by upregulating programmed death-ligand 1. 68
. It tes the rel f downstream inflammatory fact d
Gastis it promotes the release of downstream inflammatary factors an (39)
enhance anti-tumor immune response
It t ti-t i d inhibit the th
Breast cancer promotes anti-tumor immune response and inhibit the grow ()
and metastasis of breast cancer.
Kaposi sarcoma-associated herpes virus It inhibits viral replication and enhance immune response (48)
Activati f the cGAS-STING path ind 11 d
Dengue virus ctivation of the c pathway can induce cell damage 0
and apoptosis
STING knockout mouse model of respiratory infection exhibits
Brucella ; e 3)
) . higher bacterial load
infection
It enhances adaptive immune responses to clear and
Mycobacterium bovis P P (54)

fight infection

It promotes the expression of IFNs and other inflammatory
Aspergillus fumigatus cytokines, triggering host immune responses and clearing (55)
fungal pathogens.





OPS/images/fimmu.2025.1539396/table2.jpg
cell lines

References

Metformin

Anlotinib

Schisandrin
C

Lovastatin

Arsenic
trioxide

Paclitaxel

Celecoxib

8uM

30
mg/kg

10 uM

mg/kg

10nM

200
ppm

BGC823, AGS, SGC7901

AGS,HS746T

MC384T1

HCT116,HEK293T

Hepal-6,Huh7, MHCC97H,
Hep G2, Hep 3B,H22

MDA-MB-231,BT-549,
MDA-MB-468, MDA-MB-
436,MDA-MB-453,
Hs578T, HCC1806

4T1-Luc RRID, CVCL_J239,
E0771 RRID:

CVCL_GR23,CT26

none

Subcutaneous
tumor model

Subcutaneous
tumor model

Subcutaneous
tumor model

Subcutaneous

tumor model

none

Orthotopic
tumor model

Metformin exerts an anti-tumor effect in gastric cancer immunotherapy
by inhibiting SOX2/AKT activation of the cGAS/STING
signaling pathway.
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Schisandrin C reduces tumor growth by enhancing type I IFN response in
a cGAS-STING-dependent manner.

Lovastatin triggers accumulation of mitochondrial DNA in the cytoplasm
through oxidative mitochondrial DNA damage, thus activating the cGAS-
STING pathway in CRC.
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induction of mitochondrial damage and mtDNA release, exerting an
immunostimulatory effect.

Paclitaxel induces macrophage polarization to M1 phenotype in a cGAS-
dependent manner, and may help with lymphocyte recruitment in some
TNBC samples and better survival in patients receiving

combination therapy.

Combination treatment with cGAMP and celecoxib significantly inhibits
tumor growth through T cell-mediated and STING signaling responses.
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