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It % Mk A IR B LTS STAT3 fil SMAD4 /K V-3 ik 4E
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W OE. B RKARFREFTH T4 F8FEH T 3 (signal transducer and activator of transcription 3 , STAT3) ,
SMAD4 K -F £ ik f£ R & M4 RIE (primary glaucoma ) # &4 W &l R o2 69 2 AL, F7ik  LBUE M IR
FETL 2021 5 8 A ~ 2023 5 5 A ME 09 R AN F IR B L 86 BIVE AP, IRIEHT AL R KA A o F 2 R o
HBREFGHGI (n=30) . PEBGH (n=34) FmEEBRGH (n=22) ; 7 ERIRE M EZRIAT R MR EF & 86 4]
AR A TR, KRR BT S % R M & (ELISA ) 44 foi% STAT3 A= SMAD4 % 5K F; % B4 Logistic )3 547 % v R
FFRRIE RS Ie AR B &, %R H TR IE (ROC) W& 5 #7 % STAT3 F= SMAD4 3 R A M F R / &H
MGBEFOL WML, BR AR &RE STAT3 (13.96 +3.45 ng/ml) F= SMAD4 (11.23 +2.85 ng/ml) & iAKF 3
2EHTHEA (9.83+1.72 ng/ml, 7.78+1.95 ng/ml) , ZFAH L FEL (=9.935, 9.265, ¥ P <0.05) . BEH
G, P ARG A B A B 4R A R B d i STAT3 (11.88+2.52 ng/ml, 13.85+3.51 ng/ml, 16.96+4.63
ng/ml) F= SMAD4 (9.15+1.95 ng/ml, 11.23+2.83 ng/ml, 14.08 +4.12 ng/ml) & ik KP4z &, £5F LA %t
FESL (F=13.085, 17.513, 3 P <0.05) . BERGH. TEMRYG P EEHGHEHRIE (2421 £5.03 mmHg,
28.16+6.31 mmHg, 32.26+7.57 mmHg) b4k, £FA %5 EL (F=10.577, P <0.05) . fei& STAT3[OR(95%CI)=
2.728(1.409 ~ 5.281)], SMAD4[OR(95%CI)=2.849(1.507 ~ 5.387)], B&/E [OR(95%CI)=2.435(1.094 ~ 5.417)] 4 % "1 J&
FMEERIRE RS M ERBE (3 P <0.05) . ik STAT3, SMAD4 = 44 Wi R AP RIF / & 254 3 &
Fehw & T @A (AUC) # 0.963 (95%CI: 0.899 ~ 0.992) , #F& & f kb wy (Z=2.558, 1.961, P=0.010, 0.049) ,
R BE A F A A 96.43%, 83.33%., LEiE  fiF STAT3 fr SMAD4 &k K- Z & F 16 Fm KM= E, —F8
e RS s )RR B R S R LR

KR (5S4 PR SRE T 3; SMAD4; Ji &PER LR
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Application Value of Serum STAT3 and SMAD4 Expression Levels in
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Abstract: Objective To explore the application of serum signal transducers and activators of transduction 3 (STAT3) and
SMAD4 expression levels in the early diagnosis and clinical staging of primary glaucoma patients. Methods 86 patients with
primary glaucoma admitted to Cangzhou Eye Hospital from August 2021 to May 2023 were selected as the study group,
according to the clinical symptoms and visual examination results of the research group, they were divided into mild injury stage
(n=30), moderate injury stage (n=34) and severe injury stage (n=22). Another 86 healthy individuals who underwent physical
examinations in Cangzhou Eye Hospital during the same period were collected as the control group. Enzyme linked
immunosorbent assay (ELISA) was applied to detect the expression levels of serum STAT3 and SMAD4. Multivariate Logistic
regression was applied to analyze the relevant factors affecting clinical staging of primary glaucoma, receiver operating
characteristic (ROC) curve was applied to analyze the diagnostic value of serum STAT3 and SMAD4 in patients with moderate/

severe primary glaucoma injury. Results The expression levels of serum STAT3 (13.96 + 3.45 ng/ml) and SMAD4 (11.23 + 2.85
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ng/ml) in the study group were obviously higher than those in the control group (9.83 +1.72 ng/ml,7.78 + 1.95 ng/ml), the
differences were statistically significant (/=13.085, 17.513, all P<0.05).The expression levels of serum STAT3 (11.88 +2.52 ng/
ml, 13.85 +3.51 ng/ml, 16.96 + 4.63 ng/ml) and SMAD4 (9.15 + 1.95 ng/ml, 11.23 +2.83 ng/ml, 14.08 + 4.12 ng/ml) in patients
with primary glaucoma in mild, moderate and severe injury groups were gradually increased, the differences were statistically
significant (£=13.085, 17.513, all P<0.05). There was a statistically obvious difference in intraocular pressure among patients
with mild, moderate(24.21 + 5.03 mmHg, 28.16 + 6.31 mmHg, 32.26 + 7.57mmHg), and severe injuries (F=10.577. P<0.05).
serum STAT3[OR(95%CI)=2.728(1.409 ~ 5.281)], SMAD4[OR(95%CI)=2.849(1.507 ~ 5.387)], and intraocular pressure[OR
(95%C1)=2.435(1.094 ~ 5.417)] were risk factors affecting clinical staging of primary glaucoma (all P<0.05). The area under the
curve (AUC) of the combined diagnosis of serum STAT3 and SMAD4 for moderate/severe injury in patients with primary
glaucoma was 0.963(95%CI:0.899 ~ 0.992), which was superior to their respective individual diagnoses (Z =2.558, 1.961;
P=0.010, 0.049), their sensitivity and specificity were 96.43% and 83.33%, respectively. Conclusion The higher the expression
levels of STAT3 and SMAD4 in serum, the more severe the clinical symptoms in patients. The combined detection of the two has

good diagnostic value for patients with moderate/severe injury.

Keywords: signal transducers and activators of transduction 3; SMAD4; primary glaucoma

T OGHR 2 DI 2822 4 R B st g S [l AE
9P, T 5 RN AT 30 26 () A P et LA SRR 7t
S TH SRS LN 2 2 BOE IR o R R IR
( primary glaucoma ) JZIlffi R _F# k22 UL 5500
LR TR N, JH 200 PRAEAR R LB 45475
MR MR 5, X H B A I 1 B R
Wy, kg ANE B E SR R H R A
FIRE 5 7 BT i AT G IR AT RS W A 1
FEEFEEVEH], (B Y AL IR E N SR 1)
BT R MR A 25 5, & S BUE BRI 20 P
PRI, 2R S HhnEes . A RO R R
MR 9 7, 30 T A e DGR B 02
A ELEME. 1557 35 50 H 5 3 (signal
transducers and activators of transduction 3, STAT3 )
ST VR BT S SO BIAZ G, HAERE A S R S8
N SRR RE AR AR AL b Tz 5 A, TR OGS g
T AR 50 A 2 T8 R T e B 30 ] DAL 7= A= T
HEEM Y. N STAT3 MRS Hpblls . A S
e FERE S P A B G R B SMAD4 J& SMAD
BEARE D —F, SMAD4 &0/ E KT -

(TGF-B ) {55 h B AN FT, 1EF2
HAMEGE LT K E PECHEIEN, T TGF-B &
I 1 B P 00 A/ 358 o T ol ) S 1 R 17
AR Y, TGF-B 2 5K JGIR M &l
#il45 5, i TGF-B2 & TGF-B MIZEIEM G, it
AIHEN, SMAD4 5 s kM OGIRW A —E K &
H R IfL 7 STAT3 Fl SMAD4 % 1k 7K 78 J & 1k 75
JEHR B th e b, R, B AEIE i
I STAT3 I SMAD4 K 3h/KF-, H— L4 B i 1%
STAT3 1l SMAD4 7K~V IKTE i & M GHR
RIS W K 43 91 e i 1o FH AL
1 MREHE

1.1 ARt % BEBGE M IR B E BE 2021 4F 8

A ~ 2023 4 5 HGE IR LM OCIREE 86 HifE
MRS, MWAbRE: OFF A (R E R EHH L
IRZWTRA YT % R IR ) P Rkt GIRI2 Wi
e QICH i S MUAFIBE IR 2 O k&
WOR B AT ICE ;. @B MRS 5 E
M. HEBRbRE: DI kA HA D E AR E R
H ORARE RAIGIR RIS, QBN
HPUH YCIRARCIRYT s B S A IR F AR L, @
IR < 18 % 5 OFRFfA v 6 52 Wi WAL Ty B f A5 114 H:
Mg o o e BRI A AE A B R4 T AR 1) i 5 1E
H 86 BlME M X R4 . WEFR A 44 1], Ltk 42
), SEHFERE 54.95 6.5 %, IRFETEE (BMI)
23.12 +2.36kg/m*, #F K JE 85.11 + 10.19mmHg, U&
4% 133.94 + 15.25mmHg, I 5.32 + 0.70mmol/L;
X AR L 5 1 45 5], Lok 41 ), SERIAERR 54.12 +
6.15 %, BMI 23.37 +2.48 kg/m*, 4T 5K J& 85.46 +
10.15mmHg, Y& 45 JE 133.14 + 15.62mmHg, Ifi ¥
5.21 + 0.63mmol/L. fF5EZH FIx FRLE AMES] | 4EH4 |
BMI, #&FokE., Wik, IS —Bekl b 25 %
TG X /t=0.023,0.856,0.677,0.226,0.340,
1.083, ¥ P>0.05) , HAA LYk, At aadE
BEfe B2 0 25 i A T HEUE

1.2 B L5RA  AIME STAT3 ( LMY
FHIRAT, 5 EH0602 ) , SMADA4 [FH 2 1 fff
WA e (b2 e RmAEYRE AR AR, ]85
ELK2676 ) , HFA ( Humphrey Visual Field Analyer )
PR E SRERT (15 Carl Zeiss A, K15 7501 )
13 Fik

1.3.1 Ifi74 STAT3, SMAD4 Fik/K-FH . i HL
WHoE Xt 4223 EF KL 5 ml, ##& 30 min, LA 3 000
r/min #5010 mim Ji5 , JWEE MG B T -80 CUKFITR-AF o
K FH ELISA #5461 1fiL i STAT3 1 SMAD4 3 ik 7K
e, A I A DGR 34 A e R S Ui I S
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1.3.2 FEFAG I ARL A 2 A AR B DA . R A MET
IR A A B G HEA T B R A, BT A A 1 ph ] —
ANEHREMSE S, %M HEA fnifE A 3981 SITA
242 BEFFHEATRI, KeAr 45 g it ah R HHA
PIEARME (MD ), 4K HPA ML 0 R ib 41
53 MD<-6 dB F/n 2 B 25 i e B i
n=30) , -6 dB < MD<-12 dB /i 1 B ¥ # 2 44
i Crh B, n=34) , MD = -12 dB /R &
FER AR (R, n=22)

14 %t a4 R SPSS 25.0 Giil2# ik ik 4T
BARAL B, TR AR + bRifE2E (xxs) &
N, AENHCECR A ¢ Ko, 241 [A] LR R R 2
220 CilE—2 P FL 3R snk-¢ K556 ) 5 11
BORBLLIGIE H 42 (n, %) o, 40 HRR
FH 7 #6536 2% Logistic [A1J53Hr 820 J5 & Ve
JEAR G R 43 WA A DG IR 225 18 H MedCale #1442
] ROC Hh £k 4> #7114 STAT3 FI SMAD4 33k 7K F-

X R MR IR b/ AR B2 W TE,
R RS . B, P<0.05 NERALIF
B,

2 H#R

2.1  # 41 oe 7F STAT3 A= SMAD4 & ik /K F 1L 3¢
WFFTLH M STAT3 (13.96 + 3.45 ng/ml ) il SMAD4
(11.23 £2.85 ng/ml ) Fik7KF-3 5 & T X B4l
(9.83+1.72 ng/ml, 7.78 +1.95 ng/ml) , 2234 4%
PeEE (29935, 9.265, P < 0.05) .

22 KRR R A F IR EF f i STAT3
Fo SMAD4 # ik K-Frbdk W 1, BERG .
HPE 5473 300 R S P 5405 3 2L M T DG HIR A Il T
STAT3 1 SMAD4 ik K FHB Wit i7, 25 A5
THEE S (B P <0.05) ; SEEBGHIME STAT3
FI SMAD4 238 /K V-4 B I, i 4 B 45 43 03 v
B (=2.826, 3.072; 5.051, 5.749, ¥ P < 0.05),
Hrp G IMiE STAT3 A1 SMAD4 ik /K44 11
B TR BRI (1=2.548, 3.378, ¥ P < 0.05) .

*1 REMSHREEME STAT3, SMAD4 RiZKFELLE (x+s, ng/ml)
Wi H REBBM (n=30) PR (n=34) BEBGH (n=22) Fg P
STAT3 11.88+2.52 13.85£351 16.96 £ 4.63 13.085 0.000
SMAD4 9.15+1.95 11.23+2.83 14.08 +4.12 17513 0.000

2.3 REG RS R0 BB F IR B — g okt
WA 2, BRGNP A
BB AR . APk UREE . IUBEA L,

WEHEES (P >005), FREMETCRES
HR H B #0140 - S B ke i s i (P < 0.05) &

=2 AREIERS AR A ESLREE—RERER [x+s, n (%) ]
pal BERGE (n=30) TR (n=34) FEERH (n=22) LI P{H

eI 17 (56.67) 14 (41.18) 13 (59.09)

2274 0321
I 13 (43.33) 20 (58.82) 9 (4091)

I (%) 54,68 +6.12 55.12+7.03 5506+ 6.42 0.040 0.961
i) (mmHg ) 13256 + 15.18 134411523 135.11 £ 1536 0.204 0.816
F9KIE (mmHg ) 84.35+10.13 85.16 £ 10.19 86.05 + 10.27 0.177 0.838

M (mmHg) 2421 £5.03 28.16 £ 631" 3226+757" 10577 0.001
14 (mmol/L) 5.28+0.62 532+0.73 539+0.76 0.157 0.855

TE: C HRERGIIEL, =3.563,6480, P < 0.05; ° SIHERGHILE, =3.386, P < 0.05,

2.4 % B % Logistic ¥ )3 5 #7 % w1 JR A M F bR
&Ry Beg kB E W3, UIREMEEEIRIG
RO AR & (/SR =1, R0
=0) , LAIIE STAT3, SMAD4 FIlRE K A8 (1

RS AR ), 4T Logistic [M1JH43HF, 4558 Bs,
1L STAT3, SMAD4, HRJE K55 & M G iR
IR fER R (P < 0.05) .

3 S EE Logistic BIIFSHMEMEL ESARIGR S BHEXEER
%0 B SE Wald P OR 95%CI
STAT3 1.004 0.337 8.868 0.003 2728 1.409 ~ 5.281
SMAD4 1.047 0.325 10.378 0.001 2.849 1507 ~ 5.387
R 0.890 0.408 4758 0.029 2435 1094 ~ 5417

2.5 ¥ STAT3 = SMAD4 Kk ik K-Fstv / & B4

A0 B E SR A UL 4 AR 1, 1T STAT3
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H1 SMAD4 Ul J —F A2 Wi vh / B 4105 1 A
AR T AL (area under curve, AUC ) 435124 0.857
(95%CI: 0.765 ~ 0.923 ), 0.871 (95%CI: 0.782 ~
0.934) , 0.963 (95%CI: 0.899 ~ 0.992) , —HEHE

HEF 135 STAT3, SMAD4 4% [ itz ( Z=2.558,
1.961, P=0.010, 0.049 ) , H: R 5§ FEr S5 5 43 51
H 96.43%, 83.33%.

*x4 3% STAT3 1 SMAD4 RikkFxieh / EEIRGHREISENE
Wi H AUC i 95%C1 R (%) RRIE (%) Youden #84%
STAT3 0.857 13.69 ng/ml 0.765 ~ 0.923 75.00 86.67 0.617
SMAD4 0.871 11.64 ng/ml 0.782 ~ 0.934 87.50 80.00 0.675
STAT3+SMAD4 0.963 - 0.899 ~ 0.992 96.43 83.33 0.798

100

80
60

40

2Ll 1 —L STAT3

—4 SMAD4
F| —2 A
oH PSR ST RS R S S S A N RS |
0 20 40 60 80 100
100% - 7B

1 Ii% STAT3 #1 SMAD4 FRik7K FEiSH o /
BEERGEHEEN ROC ML
3 it

OGRSt 5 b S B0 w] 36 57 ¢ B 04 % DL
B, 23K 12% i 5 5 IR A ¢ FH IR 2 —
FRIRAT ML 2R, LARRAE S0 0 JIEE A 257 41 iy
TRV 0 JEE e 28 27 24 J2 A TR AR 1, 5 S0 7 400 B B
i U SRR IR SR OGIR— T, S R A
PEFF A BT GHR AN 50K P P T AR WA, L&
SRR B SR, i R R, Y R B AR K
PRI . LR BRI, 2ok O 3 BB W sl R
W, A T EEER TR, O H R GHR i R
MR RA AT R U R, R TR R
R AEIZIRITA], IR T IR ST R R T YGHR AY &
bl , S R S AR, S HRA AR
Wr2EAE bRl B Tl £ B I & RARL, DT R A P
TOGHR I B B %

5 L SR BTG T 3 (STAT3 ) 240
SR IN TR, B 770 AN LR R A
HAFERAATE 6 D IIREIR P45/ B, STAT3 L2
5% 2EY 8, M. e fE s L
Bl A8 Az B AE 2 R4 U AR gE R B, AE S
FE 414U Suv39H1 Fik /KW ETHE, p-JAK2 F
p-STAT3 # (A KA ¥ B I+ F (P<0.01) , BT
& Suv39H1/JAK2/STAT3 i % AT 411 il S i CNE-2
YNfaXEsE . (258, (ESEETS. AU AT, STAT3

FEJ R PR T OGHR i i A, AT A R
STAT3 F il Js & 1 5 YR B0 1) & S itE R . 53 b,
VEamRas M iFos R0, BRAE B 41N p-STAT3
IRV 5 2 i TR HR AL, ARk . I R S-40 T1 48]
BAE LT p-STAT3 /K- & m Twsrib. 13
B, RUIEEHE K ME p-STAT3 K VT, 5
G R AR LR A — e R, Hi¥ & STAT3
AR L, X SARMFIEE RIS, JEkiE, KAk
4ifih RNA GASS 5 EIRAE, GASS X A/NE K
YRR 05 R S 5 INEE AR H miR-29b-3p
A EAEH, GASS [ J#4% miR-29b-3p, STAT3
5 miR-29b-3p A7 7F # [7] 5& 2, miR-29b-3p UL 2k
I T STAT3 i, 55 42 78 GAS5/miR-29b-3p/
STAT3 76 /N A v & ¥ EAE A, XTI 6E
AT GRS s Y AR, Rk
PETFOGHR £ 5 1% STAT3 ik /K F 2 5 T I
2, HIME STAT3 Fik/KV-RaEE 10/ B T
BT (P < 0.05) , $&/R M4 STAT3 /K-F-3Z it
RAEFCIRGERE R 5ZN , #0H] STAT3 /KF, AIfg
/NI T RE, Bl R R T OGR4
. BRIESE VO BFSE A, STAT3 f5 S5 5
AR AH M B BERG AR B VAL R, IR P S 0E [
TS, HEM G AP OGHR & b STAT3 &Ik T
1, AT REI I R T RAE O g kR . A
FFE E— 25 0 A D 1 757 DY R 17 T T 3 1 52
%, 458 8R, WG STAT3 AR LTS 2 &
PEFOCIR / E RS R 2, ROC 4 s
IML7E STAT3 Rk /KX / J R A2 W)
AUC H 0.857, 4IfiLjE STAT3 /KT 13.69 ng/ml
B, EREWR TR/ R A LR AR A
SR MLTE STAT3 X3 I B2 BE A7 B4 i PEAS A (6 B
FENG R A —E N FME. AR U, 2
Ji i £8 3 I STAT3 Rk /K V- W fob v T % B4,
I3 STAT3 i 2R iA 7K VR & A FL MR 9 1) 0 ST fe s
WE, SRR L ERVIMOS, AFTH B0
e fEFUBRE B, AR5 45 L £ W STAT3 v fig
YA R E R RIS W A LT AR B, X
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SMAD4 ji TGF- B #8540 i P S I,
TGF-B &0 M B Ik 4 R 48 & & b s i {5 518
% U SMAD4 7E N B2 4 R R RS S
SO 0 15 Bl K B, L AR L AR o A If AR K
IR N AR, TR OCHIR B
SMAD4 R ik/KF-3 0 3 & TXRAL, #2278 SMAD4
A B A 5 0 R 0 B Dk K i BAR S S R R

BB KA. B KEsEiRE *, TGF-B/

Smad4 3 4 X 8 5 25 PR £ 4k Ak AR A i A 3k
JE = A BAT AR JEAE A, TGF- B /Smad 18 85 41
Ji AP JE B SRR Ry, LA/ NI P TR,
TS EHR T o A gT W] BV, A AR P iR
HIMTE SMAD4 /K-FH 8 i, SET- e B i
SMAD4 7K-F-BH i 5 A e i (P < 0.05)
FWH SMAD4 78 ZAF T8 0 2 s 1 72 v K ) DA
HHAREREEN, DRRE PR A, S
FHALIMTE SMAD4 K-35 g 2 = T X IRZE, HAH
rh A % 6 S 2H 5 LTS SMADA 7K - Fifi 25 s 175 a2 2
FpgiThm (P < 0.05) , £ IM7E SMAD4 /K F-Af
YRR VTAR 838 UG 9 v AR, D SMADA4 7K
SEARAAR AT AL 5 R T OGIR BUS S L. AR R
B, SMAD4 Fik /KBl I kv IR B 405 70 3
T B (P < 0.05) , #/RI07E SMAD4 %
TR KV 5 I P T IR B 105 7™ B R 1 AT — e A G
£, FLIMLTE SMAD4 31Kk 7K - Ry 50 Ji & 1 75 YGHR
IR G R &, e/ S B
—ERISWIME , X S BEAEAF A — 2 B ™)
R, 76 M I R rh ik R 41 SMAD4 Z 11 FH
PER I 5 TR Al | SR dL e %Ml
IR M, VISR H b SMAD4 ik 535w TH
FEIGR T, Mk, HIMTE SMAD4 J& [k
FERE BN E KNS G N E, kK0S
SMAD4 kKA & BB AR, HIGKRS X £
Fehgedi R B ) YT 7 A SRR, X S AR R 45 SR AH
Lo ARWFFEHE—2 P Esn, I STAT3, SMAD4
A TEAS IR R T OCIR v / T E R A9 AUC
P O R I, sk 3% B MV STAT3,
SMAD4 A& n] B A5 R s DG 5 & 1 75 G IR BB 5
TR, BERE N IRk M T G IR ER A IIG RIB YT
PEALRTSEM S HMAE, "l ReME N R R EOEIRIGYTY
PP TE BT A o

g LT, R OLHR B ML STAT3 Al
SMAD4 Fik /K3 B & T m, 7Rl R s —
SE N, FANE, 38 B Rk v/ E R 0 10
HH B2 WNE, EAIGR L . H
J&, I STAT3 Fll SMAD4 £ 5 5 & M R I &

AL, T R AR
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