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[ Abstract] Objective To explore the dose-effect relationship between the expression of cyclic GMP-AMP syn-
thase (cGAS) and stimulator of interferon genes (STING) in the blood of patients with urothelial carcinoma of the bladder
(UCB) and the positivity of CD44 in cancer tissues. Methods Sixty patients with UCB in our hospital from October 2022 to
May 2024 were selected as the study group, 60 patients with inverted papilloma of bladder during the same period were se-
lected as control group I , and 60 healthy patients were selected as control group Il . The expression of cGAS and STING in
blood of the 3 groups and the expression of CD44, a tumor stem cell marker, in the study group and control group I were
compared. Spearman rank correlation coefficient was used to analyze the correlation between blood cGAS and STING ex-
pression and tissue CD44 expression in study group and control group I . The study group divided CD44 expression into
positive patients and negative patients and analyzed the independent risk factors of CD44 positive tissues by multiple Lo-
gistic regression. The dose-effect relationship between expression of cGAS and STING in blood and positive CD44 in tissue
was analyzed by restricted cubic spline diagram.Results The expression of cGAS and STING in the study group was high-
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er than that in control group I and control group I, and that in control group I was higher than that in control group Il
(F/P=194.740/ <0.001, 142.937/ <0.001). The score and positive expression rate of CD44 of tumor stem cells in the study
group were higher than those in the control group I (#/x’/P = 18.463/ <0.001, 67.222/ <0.001). The expressions of cGAS
(r=—-0638, P<0.001) and STING (= -0.717, P<0.001) in the study group were moderately negatively correlated with the
scores of CD44 i tissues. The expressions of cGAS (r= -0.299, P=0.020) and STING (r= - 0291, P =0.024) expression
had low correlation with tissue CD44 score. Lymph node metastasis and depth of tumor invasion were independent risk fac-
tor for CD44 positive tissue, and cGAS mRNA and STING mRNA were independent protective factors for CD44 positive tis-
sue [ OR(95% CI) =2.558 (1289 —5.076),2.870 (1313 —6275), 0673 (0518 —0.874), 0696 (0.529 —0915)]. There was a nonlin-
ear dose-effect relationship between expression of cGAS and STING in blood and CD44 positive in tissue. When cGAS mR-
NA > 2.15 and STING mRNA > 1.75, the risk of CD44 positive in tissue significantly reduced.Conclusion In UCB pa-

tients, the expression of cGAS and STING in the blood increases, and when both of them increase significantly, they have
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an inhibitory effect on the expression of CD44 in UCB tissues.
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7, AN R v cGAS/STING {7553 -t 7T fE & 4541
e e RS AR T, NS M O A b 8 SO 45 vh A2 A AR
G B S . AR B R UCB %
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ROV KRR, WG R IE— 20 58 1697 7 AL LR TR
WA HREINT
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1.1 fmpR% R REL 2022 4F 10 H—2024 45 A ¥
B 0 BE B/ T R A A = N R B W IR SRR
G UCB (35 60 B 4/E A58 20, W] 30 1% It o v L.
SRR R 60 IR %k BT 20, IR f e 60 il 4F:
X IR AL, WFFEA . 55 46 i, 2 14 5], 4E 1% 48 ~ 73
(61.68 +5.33) % i 4580 18 ~29(23.68 + 1.38)
kg/m’ s 5 0f w ML 15 ], & AR HLAE 13 49, % s 4

Transitional cell carcinoma of bladder; Cyclic guanylate adenylate synthetase; Interferon gene stimula-

5 WA 26 5], PRI 31 i), YRR T 41. 55 44 9, £ 16
1], AE S 49 ~75(62.12 £5.46) % (R T 35518 ~29
(24.35 £1.72) kg/m® ; FIF ML 13 4], 525 A5 LA 14
il A R 5 1915 WA 24 651, R 30 1, YRR I 4H: 5
48 {5, 4 12 5], AE s 47 ~75(61.83 £5.91) % R
SH18 ~30(24.67 £1.81) kg/m”; & IF &5 1ML E 14 ],
FRIALE 15 1], A8 R 3 i) WK 22 1], AR 31 44
3 PR RIS AT A A I AE RO KT B
A ZE R TG FE L (P >0.05) , LA ik, A&
2 R B S B ZE Tt 24k v (K20220920362) , 37214
SRR A R B E I R 1.
1.2 B bRaE (1) 98 Abp i BF 5 4L AR 5 (b
EIREIZY T LI (2018 4E ) ) 2 Wbk 12 UCB, X
R T ARG ST T PR AMBE2E (55 3 W) ) ™ 12 Wb e
TSI I P9 R 2L ORI s 1 IR i2 , A RTR ZT00fE
I7 TFARIBIT o (2) HEBRBRAE : A I Ho At ik ek e b
PRI TP ZR BRI | 0 M S04 9 | 9% I 9 5 5 R ER O
g1 <70 41
1.3 WL FR5 5k
1.3.1 Il ¢cGAS STING mRNA &350 55 41 %t
W T AL ARIRYT R/ T BRI 2 ARG 214 K 1R T B ik
FLoS 5 R AR 23 JE T ik il 4 ml |, 2900 B8 B i) B2 07 2
A% 40 M, Trizol ¥ 42 WL RNA, PCR 30 #% 5% & i
cDNA , 52 B} 7 9% 52 B PCR 343 946 ¢GAS , STING
mRNA, WK Z (20 pl) ;2 x Quantifast SYBRGreen |
RBRAP (10 wl, 20 EE 1 x ) 518 A1 pl, 2ok B
1 wmol/L) H1#) B(1 pl, Z9KFE 1 pumol/L)  XZE K
(7.5 wl) .cDNA 4 (0.5 wl) o I ZAF:95°C 5 min
(#WiAE M) ,95°C 10 s .60°C 30 s.60°C 1 min 95°C 15 s,
60°C 15 s, H:it 40 MMEH, B-actin ENN S, KA
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248 3 ¢GAS, STING mRNA ¢ #H %f 335 .
cGAS mRNA B[ 4#. I % 5'-GGTTTCCAAGAAGAAA-
CATGGC-3', F % 5'-GGGTTCTGGGTACATACGTGA-
3’; STING mRNA 5| #. I % 5'-ACCCCCTTG-
CAGACTTTGTT-3', F i 5'-ATCTGCAGGTTCCTGG-
TAGG-3";B-actin 3|4 I} 5'-AGAGCTACGAGCTGC-
CTGAC-3", T i 5'-AGCACTGTGTTGGCGTACAG-3',
R & AR Qiagen 24 w4l

1.3.2 B T4 M br i) CDA4 ek kil . A 5T |
XTHR T 2H B8 35 BT R YUY B 5 19 9 20 20 0 I 3
(10% ) [ % , R FH g2 20 4Lk 24 A6 T Fifygd T 240 e A
B CD44 Rk, 2k Ak R & th L AR
KPR A AR B S BN S Ul I 5 0 9R
HVE e CD44 5 o 32 AR v T 41 JfJSE | 4 ff o, 52
PRE AR, = A5 (< 400) BEALEC S A OLEF, AR H5
PesmBE Py 55 FHME (VE ) i 1 43, v R FRME (%
B0 2 41, s PHPE (B4 ) 12 3 405 MR 46 S 4
Vo1 oGt 0 3, Yot A g <25% 92 1 43,25% ~
50%i2 2 41, >50% 2 3 4y, YR E S Y s El
L4 ~9 Zp R PHM: AN 4 50 R

L4 ZEitsedrik SR SPSS 25. 0 AFGe it 4 gk
o IEZATABITHEGERILL & £ 5 A, Z 4 A AR
FHER R Z 7 22081, PR HL R T SNK-g K 55,2 2 (7]
HCAECR A ST FEAS ¢ K 50 5 TR U AR 503 (% )
TR, LWBCRH X KB, 55 9 0T RR FH BR R 505
Spearman FAHSC R BT AES BARbRAHCHE; Z IR
Logistic [8[JH 73 Hr 7 520 3R R 355 (rms £2) 231l
PR S T FEAR I A AT —3 W &R . P <0.05 2

ERAGIFE L
2 5 R

2.1 3 #41fiL cGAS STING mRNA Fik A Ifil cGAS .
STING mRNA ik b8, fF9T2H > XA T 2H > X RR 1T
#(P<0.01), 51,

F 1O 4 X4 AF5Ediimn ¢GAS (STING mRNA 3Rk
i (x=s)

Tab.1 Comparison of ¢cGAS and STING mRNA expression in
blood between control group 1, control group II, and
study group

4 %k cGAS mRNA STING mRNA
XHHR T 41 60 1.73£0.35 1.54 £0.26
Xt B I 4 60 1.02 £0.12 1.01 £0. 14
iEpeil 60 2.26 £0.47 1.89 £0.40
FH 194.740 142.937
P{H <0.001 <0.001

2.2 JEALUMIE T PR EY CDA4 Kk #F
ST IR LI T 40 MU A a5 ) CD44 B934y (6. 82 +
1.58) 41, = TXTIE T 4019 (2.87 £0.50) 43, W52 41
CD44 [HPERIEH R 76. 67% (46/60) , & T4 1 4H
193.33% (2/60) , 25345 G it22 2 X (/P =18. 463/ <
0.001,y°/P =67.222/ <0.001)

2.3 il <GAS STING mRNA ik 54141 CD44 £ ik
BRI SEPE BSR40 cGAS STING mRNA #ik 54041
CD44 FHAY 2 rp BE A G (r/P = - 0. 638/ < 0. 001,
-0.717/ <0.001) ; %F 8 T 2 1fii. cGAS ., STING mRNA
TR HHL CDA4 B 2ALE AN (r/P = -0.299/
0.020, -0.291/0.024) ,

2.4 WYL CD44 BHPE I BE IR R PRl Hhg A
5840 60 {5 UCB fR35 rh, CD44 [k 46 f41], CD44 [
14 {4, CDA4 FHVE Bk V5] AR W s R
S M R MR R K EAR BT N AT R IR I
fE A IFRE R IR LB, 2 R BRI EE L
(P>0.05), CD44 [HE 8 2 4 o7 & 45 % AR e T
ORI T3 ~4 R GRS R R THIMER
F il cGAS STING mRNA 253k FRHME R (P <
0.05 3% P <0.01), L3 2,

2.5 ZHEK Logistic [A[H534 UCB 22 CD44 [HPERY
MAZFNZE L UCB 4141 CD44 BHM: Ay R A8 & (T
B2 mR07) , DUATT e 80 LR B iR
TR EE Mk EL S5 7 75 S cGAS | STING mRNA Sy [ 45 &
AT Z N F Logistic [m]1H 4341, 45 3 7« 3= i TR B
T3 ~4 JWE L5565 & 41 21 CD44 BH M i) 2 57 & 16 A
2,1l ¢cGAS . STING mRNA &5 &40 41 CD44 [H P 17 i
SRR (P <0.05) W 3,

&3 UCB 4141 CD44 [HTER Z N 3R Logistic [mJ9 7047
Tab.3 Multivariate Logistic regression analysis of CD44 positivity
in UCB tissues

% B SE{f Wald{i Pf{i OR{i  95%CI
Wi 3.659 5.326 11.167 0.001 0.371 —
IEAEEGS 0.560 0.431  1.681 0.816 1.750 1.138 ~2.691
AT B 0.540 0.349 2.394 0.720 1.716 0.654 ~4.502
VRMEVREE T3 ~4  1.054 0.498  4.483 0.034 2.870 1.313 ~6.275
NRE 0.939 0.342 7.542 0.011 2.558 1.289 ~5.076

c¢GAS mRNA & -0.396 0.139 8.126 0.008 0.673 0.518 ~0.874
STING mRNA & -0.363 0.132  7.554 0.005 0.696 0.529 ~0.915

2.6 il cGAS STING mRNA ik 54141 CD44 [H %
F RN —RON R R AT PR T AR AT i
7K, Il cGAS | STING mRNA 3k 5 40 41 CD44 [ % 7]
FETEARZME R —RUN G R, I RB R L7 A, P41
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Tab.2 Clinical data comparison of CD44 positive and negative UCB patients in the study group

W H CD44 [tk (n =14) CD44 [HE(n=46) X/ P

P H1(% ) ] ri 11(78.57) 35(76.09) 0.028 0.866
s 3(21.43) 11(23.91)

A (2 s, %) 59.57 £5.26 62.33 +5.58 1.629 0.109

KRR (x =5, kg/m?) 22.99 +1.26 23.89 +1.40 2.152 0.036

W s [ (% ) ] 3(21.43) 23(50.00) 3.568 0.059

R [ (% ) ] 6(42.86) 25(54.35) 0.568 0.451

Jilvge Hc e [ 51 (% ) ] R 6(42.86) 22(47.83) 0.744
L% 8(57.14) 24(52.17)

T B K BEAR [ (% ) ] <3 cm 5(35.71) 15(32.61) 0.012 0.914
>3 cm 9(64.29) 31(67.39)

SHALRRE (% ) ] =B 4 5(35.71) 4( 8.70) 2.115 0.035
ik 8(57.14) 30(65.22)
1k 1( 7.14) 12(26.07)

R (%) ] T1 ~2 9(64.29) 12(26.09) 5.308 0.021
T3 ~4 5(35.71) 34(73.91)

BIFE I B(% ) ] 3(21.43) 12(26.67) 0.002 0.967

At mBEME (% ) ] 3(21.43) 10(21.74) 0. 120 0.730

IR BI(% ) ] 2(14.29) 2( 4.35) 0.003 0.958

AL (% ) ] 1( 7.14) 15(32.61) 2.376 0.123

W ZEHEAS [ (% ) ] 5(35.71) 31(67.39) 4.488 0.034

¢GAS mRNA (% +5) 2.69 £0.46 2.13 £0.48 3.858 <0.001

STING mRNA (& %) 2.22 £0.40 1.79 £0.41 3.455 0.001

ST 2,15 1. 75 4k, 241 cGAS mRNA >2. 15 [fi.
STING mRNA > 1.75 f}, 2021 CD44 BHM: a9 XU 2 3%
R, LI 1.2,

1 cGAS 5 CD44 [R5 i —2500 6 &
Fig.1 Dose effect relationship between ¢GAS and CD44 positivity
33 i
UCB BB PR % b B9, Ja T — i WA JR i
EEE . HAT UCB 203677 7 i A 46 T AR ke sy
& BT AR NUZ R P UCB, & 2 L2 3= 1 P
UCB,, [} 240 i 0 B A Y 0 245 Bzt Kb 2 7% 14 2 3

B2 STING 5 CD44 B —ROW G &
Fig.2 Dose effect relationship between STING and CD44

positivity
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P 200 S B, AN Ao g 1 e 2R L e e i 2
TCAb B S e A7 M L CDAd & — b B RO
F, 2S5 4000 5 02 R, B bR 4 e 5 7 S 4
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L % A = o [R] ) B B, 2B A B4 6 A 56 CD44 (1) B
FEIFIAIAS K, HRT CD44 3 Bl 1 g B e 1 40 B f b
EW . ZTWIGTIESS, CDA4 18 1 e 4l 20 h 5 3k,
L PR 3 5 S I g g R T 8 m , 2 e 2K B S
N EEOE S N A TS S N /S BT BUR Vi R i
I UCB HF W kE LA CDA4 38 K 30, BIFSE 4 Jiehogg -+
bR CD44 U 33 TXTIE T 41, b 5 Lk
98— 30, (A SC I T UL 7T 480 o cGAS J& 431
FE R — Pl R S R — AR MR AZARAZ T R 5 1
it , S BR AR A I DNA 45507 15 MR LA 48 4544
U] dsDNA SRR AZWE 5 4L, 5 40 i Jo Py HL Al DNA A5
BN Z IR AL, cGAS HSIHRUM B, Fu 250
WFSE B, A BE 8 3 0% cGAS 238 T 41 il s bk
A, AR RS A /N RUMRE SR R CD8 * T 4 i
RO AR A ML IR TG PE o A5 K B, WF9E 4 0L cGAS
mRNA 5335, (0 598 42U T 20 i Ar 5 4 CD44
U BAHDE . A3 BT A SC AL T BE S 8 5 15 00,
96 T 240 L Ah - AEGE e L P 200 B T Y, L i Y e
Rl ki e 7, FLREE AL 1 Rz —I8] 7 Ak AN
SRR 30 R 7 i B R RS 1L T cGAS TG
dsDNA JilJ 4k F [ AR, 5 15 5 40 A 5, i
A AN LT Y dsDNA 5 35, cGAS 1E I LIRS E R
G RE B IR IR | 5 dsDNA 256 n s LA %
PE ST 3 A B iR T A0 A% R S e T it BHL 1 S v
R RPN UCB kA4 R BT RE S
cGAS TH A X,

STING /2 c¢GAS 1) FiiEH 7, H 5 cGAS Z51L), i
SRS DABIEIR — AR TE Ak T [ 30 TS Ptk
Ao MO B GG H, cGAS/STING 3 % H527%
PR AT $2 w5 e AOR B E A28 A8 R 5] e E B A % A
Tk B Sl T A gk R T AT E R
FRA AR IR A AR 28 R R . AR A AR WO B
¥4I STING mRNA &3k = F X IR T 4 % I 4,
AL Mg T A An 5 CD44 R EMA K, 5
EIRBFTE LS RARIR, H S Zhuo 45 AR F Mg 1Y)
WFSE 45 S o Rl iF Chin 2520 4% 38 41F 52, cGAS/
STING i@ 2 | BV TR R 5 S i b mi iy £ 20y
i ) STING AT i HE 4T b8 e 92, 7 Wk 15 3 4 A5
RIvh 4> B 255> STING ) 7 v] 51 & 3 B (9 47 ek 98 1
o BT cGAS STING 78 [R) g Hh e ke 1 1
ATREA R AR, £ I ER Logistic [ 14 43 #7 7R, 1L
cGAS STING mRNA F} & /2141 CD44 BHM: 1) ik 37
PE 22 Hoafl cGAS . STING mRNA 2 ik 54141 CD44
FH-PH: TRD A AE R 2 A2 L7 AU (4 9F £ ) B —Rh, % &

(P<0.05), %56 3A W5 55 Hr A1 S L 7T Be &
cGAS 454 dsDNA J5 nl 7EAAb 25 Fa 3k  J% A S o4
G LIt Ak f = WA R N B R S A s
{50 cGAMP &, 5 cGAMP 454 )5, N i N T 45 &
STING 3R {A A A a1 RS e A 80 A 7R 110 S T A
GEAR  [RIERE fioh 2% 0 AP I ) ] 5 R 44 ) f3r, STING
B AE & Tank 255340 1 BEf AL, a8 Ok s 1 B4
R IR, & VEB MO T . R PR B, i
¢GAS STING mRNA k5 UCB %4 % @ A 554,
HAZ B F g (%) 53 B M, cGAS (STING & ¥ 4E W22 1)
RE ML R HP AT B A 1T i 22 3 7] BB &3 35 Bl cGAS (STING
mRNA 7 Mg % A= e Ji v B i AR FHAS IS AH A

25 bR, UCB H# 1l ¢GAS STING mRNA ik

HO, —3 WA N T UCB #4688 S Wt 47 o HAT 1)

HIVER o AWFFEAE A G R IS5 3% PR FREAS B e

Jo B S5 A BRI, A% %) ¢GAS  STING mRNA 7 UCB

AR B B A i — 2R, e WA Rk el 5,

I PR 56367 T S P A T T 4 ) 3L A 4l o

Fl 2R 2 : A VER P B JC R 25 w2

1EE AR
4 BT R, ST R iSRS s 4R

BT R, AR I R , 18 S A% 5 e me A ST BT T A R

BORMR AT 0SB #0.& 5 TSR AT

5% ik
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