. 936 - A S IR R Z4 AR 2026 4F 10 45 44 455 109 Chin J Exp Ophthalmol, October 2026, Vol. 44,No. 10

- s PR B

IL-6 . TGF-B . 1L-17 5 f JEF # HE % [ b 19
AH O K T A4 e

oAtk MW EAZ MRS B4 F2°

'EE AL T S AR ERBEA, KL 678000;° & A5 EAK ERRA, A 657900;° L E
HRFHEBHEERRA LRATHE-ARER, LN 650224

RABAALATE —ARERFARLAE, HIRALATE -—ARERESEIF

BIENSE . F 2 ,Email :641106144@qq.com

(HZE] BH W EMEMAE AR (PKP) B3 ARG S0 i FE w8 e 28 i R 6(1L-6) LA K
B F B(TGE-B) (IL-17 23K K V- 5 Fy WAL A HE R B I (9 A G B (6 . A ik R BEWTmIF 5% | o 4
20234F 11 A £ 20244 11 H TR AT — AR EEBEAT PKPIAYT 108 78 1] 78 HY 3 % 58 & IR 15 ol e 2 %
— PR AR AR R R SN S (R K B8 35 43y A 2 T 32 20 42 181 (R1<S 43 ) Rl 9 5 HE e 4736 91l (RI=5 43 ) o
SR BE BB H AN R IR RE A, 3 43 2R VH CR SR S RR B T 2 o 0 R O 4 DA B A R IR
23k 30 () H 2 TH WREAS A A BT ST, Hr A Tt 52 4 R0 G S HE T 245 16 191 . SR FH I S 9% 14 FHI 36 (ELISA)
K0 5 25 A0 JE i B JH W 1L-6 TGF-B  IL-17 ¥, F 5 2 /4> 21 4% 40 Il R 7 2% 5% 5 5% JH] Spearman #kAH 56 20 BT 3E 4
IL-6 \TGF-B IL-17 5 ff1 IR Fif HE 7 B0 4 AH S 5 2R F Logistic [1IH 4347 £ 5 RS A8 HE R 19 52 i B R 5 R 21t
HTAEREAE (ROC) TR Ak &1 J] 1t A0 H W 48 i R 75 A SRS A E e s b v g LI (. R e 2 4l
FBE A1 A I AN VH R TL-6 Y BE TL-17 ¥R B2 1L-6/TGF-B i Al IL-17/TGF-B EH BN F e HE w41, 22 R geit 2
7S (AP L - 1=—2.688 ,~2.945, Z=—6.084 ,~6.124, 4] P<0.05; H# : 1=-3.511,-3.555, Z=-3.618 ,~3.580, ¥ P<
0.05) 5 e % it 52 28 A0 J& 1 FIH W TGF-B ok BE 405 T o e HE 5 40, 22 5 94 Ge it % B L (1=7.620.3.032, 1 P<
0.05) . Spearman F&AH SV 3 Hr 45 A 7, PKP &8 55 A0 JA] 1l FTH W TL-6 ¥ BE TL-17 Wk B2 5 # RS RS AT HE J%: S i 34
SELIEASE (AP M . r=0.334,0.343, 34 P<0.05; {H# : r=0.518 ,0.538, 3 P<0.05) , 4} J& if. Fl{H I TCF-B ¥ £ 5 11
JEE A HE R 2 1% 24 52 474 06 (r,=—0.662 . -0.502, 4 P<0.05) , AP % . JC Logistic [0 43 B 7 , &0 i F9H W
IL-6 \TGF-B IL-17 34 J& ff B B Al HE % B 1 09 52 0 IR 2R (2 P<0.05) 5 2 [ 2 G Logistic [0 434 87K , 40 & 1.
FH WL TGF-B 47 /2 A BEAS Af HE e R 7 1) 4 7 AR 47 BB R (3 P<0.05) . ROC TR 25 5 ., 41 il Il TGF-B 5 I £
JIE R AR HE R B2 W B i 28 F AR (AUC) 4 0.883(P<0.001) , S 5 A 72.2% , 45 5 1% 19 92.9% . TH i TGF- T il
FAISERS A HE R OB AUC R 0.789(P=0.005) , UK B O 81.3% , 45 55 1 ]y 68.7% . £5iE AR Hl HE e )2 1
55 G A R AN TH I TL-6 TL-17 W IR M 56, 5 TCF-B e B 2 A G o A1 R I K TH I TG F-B = A1 BE A% i
JR R & A ST AR AP B3R 6F R IR i HE R RN I R A LA AR 1 T A, FLARJE I TGE-B A T A (i
AT, 2 TR0 A B AS A HE T 52 1o B A 1 s e 2R b i )

[RBiR] MEBAL; REHT s BN 2 6 ALK F B A A 17

E&£TB: =04 AT R R (202401AY070001-160) 5 = 7 & FF £ 7 & K B8 %L 03 &
(202302AA310018-C-2)

DOI:10.3760/cma.j.cn115989-20260306-00095

Correlation and predictive value of IL-6, TGF-3, and IL-17 with corneal graft rejection

Zhang Yongqian', He Lifen', Wang Jiusan', Xie Yongxian®, Cao Qian’, Li Lan’

"Department of Ophthalmology, the Second People's Hospital of Baoshan, Baoshan 678000, China; *Department of
Ophthalmology, Weixin County People's Hospital, Zhaotong 657900, China; ‘Department of Ophthalmology,
Calmette Hospital Affiliated to Kunming Medical University, the First People's Hospital of Kunming, Kunming
650224, China

Zhang Yongqgian was a postgraduate student at the First People's Hospital of Kunming; Xie Yongxian was a



ARSI IR AR RE 2026 4 10 H 55 44 %55 101 Chin J Exp Ophthalmol, October 2026, Vol. 44, No. 10 . 937 -

refresher physician at the First People's Hospital of Kunming
Corresponding author: Li Lan, Email: 641106144@qq.com

[Abstract] Objective To investigate the correlation and predictive value of interleukin (IL)-6 , transforming
growth factor-B (TGF-B), and IL-17 expression levels in peripheral blood and tears with corneal graft rejection after
penetrating keratoplasty (PKP). Methods A cross-sectional study was conducted. A total of 78 patients (78 eyes)
with PKP who visited the First People’s Hospital of Kunming from November 2023 to November 2024 were enrolled.
Ocular conditions, medical history, and general data of patients were recorded. According to the corneal rejection
index (RI), patients were divided into an immune tolerance group (42 cases, RI<5 points) and an immune rejection
group (36 cases, RI=5 points). Peripheral blood and tear samples were collected. Due to insufficient tear collection in
some patients and the use of eye drops within 2 hours before collection, some patients were excluded. Finally, tear
samples from 32 patients were included, with 16 in the immune tolerance group and 16 in the immune rejection
group. Enzyme-linked immunosorbent assay (ELISA) was used to detect the concentrations of IL-6, TGF-B, and IL-17
in peripheral blood and tears, and the differences in cytokines between the two groups were compared. Spearman rank
correlation analysis was used to evaluate the correlation of 1L-6, TGF-B, and IL-17 with corneal graft rejection.
Logistic regression was used to analyze the influencing factors of corneal graft rejection. Receiver operating
characteristic (ROC) curves were used to evaluate the predictive value of peripheral blood and tear cytokines for
corneal graft rejection. This study complied with the Declaration of Helsinki. The study protocol was approved by the
Ethics Committee of the First People’s Hospital of Kunming (No. YSL2023-67). All participants were informed of the
purpose of this study and signed informed consent forms. Results The concentrations of IL-6 and IL-17, IL-6/
TGF-B ratio, and IL-17/TGF-B ratio in peripheral blood and tears in the immune tolerance group were lower than
those in the immune rejection group, and the differences were statistically significant (peripheral blood: 1=-2.688,
-2.945, Z=-6.084, —-6.124, all P<0.05; tears: (=-3.511, -3.555, Z=-3.618, -3.580, all P<0.05). The TGF-B
concentrations in peripheral blood and tears in the immune tolerance group were higher than those in the immune
rejection group, and the differences were statistically significant (¢1=7.620, 3.032, both P<0.05). Spearman correlation
analysis showed that 1L.-6 and IL-17 concentrations in peripheral blood and tears of PKP patients were positively
correlated with corneal graft rejection (peripheral blood: r=0.334, 0.343, both P<0.05; tears: r.=0.518, 0.538, both P<
0.05), while TGF-B concentrations in peripheral blood and tears were negatively correlated with corneal graft
rejection (r,=-0.662, -0.502, both P<0.05). Univariate binary logistic regression analysis showed that IL-6, TGF-f3,
and IL-17 in peripheral blood and tears were all influencing factors for corneal graft rejection (all P<0.05);
multivariate binary logistic regression analysis showed that TGF-$ in peripheral blood and tears was an independent
protective factor for corneal graft rejection (both P<0.05). ROC curve results showed that the area under the curve
(AUC) of peripheral blood TGF-B for predicting corneal graft rejection was 0.883 (P<0.001), with a sensitivity of
72.2% and specificity of 92.9%. The AUC of tear TGF-B for predicting corneal graft rejection was 0.789 (P=0.005),
with a sensitivity of 81.3% and specificity of 68.7%. Conclusions Corneal graft rejection is positively correlated
with IL-6 and IL-17 concentrations in peripheral blood and tears, and negatively correlated with TGF-
concentration. TGF-B in peripheral blood and tears is an independent protective factor for the occurrence of corneal
graft rejection and has high predictive value for the occurrence of corneal graft rejection. Moreover, peripheral blood
TGF-B has better predictive value than tear TGF-f, making it a potentially superior biomarker for predicting corneal
graft rejection.
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Interleukin-17
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1 MBEHEAFHR2NEEEELZTRIEER
Table 1 Comparison of baseline data of patients for blood
sample analysis in the two groups

ST % 4 7 HE 4
M R
AR (s, %" 48.45+13.65  50.97+12.07 -0.869 0.387
P B e n)” 27/15 24/12 0.049 0.826
R 531 (A7 /72 )" 21721 14/22 0.967 0.325
S %5 [n(%) 1" 5317 0.152
A 3 16(50.00) 16(50.00)

AL 1 7(21.88) 8(25.00)

R 50455 9(28.12) 8(25.00)

26 K i1 B 11(73.33) 4(26.67)

MBEEFRAR 4(26.67) 2(13.33)

[53] E £ ot 7(46.67) 2(13.33)

TRV £ B 6(35.29) 11(64.71)

o 2 Sk 3(17.65) 6(35.29)

2 T R Y 2(11.76) 4(23.53)

LA R 1(5.88) 1(5.88)

BN B R AR A 9(64.29) 5(35.71)

1 BEAR 5 6(42.86) 3(21.43)

ICLH ARG 3(21.43) 2(14.29)

TE: Cac ML BEAR A 36 s b P K B0)  TCL: A7 Wl AR PR 15 B8 T
RIK
Note: (a: Independent samples i-test; b: x* test) ICL: implantable

collamer lenses

Fx2 HRBEREADHH2IMEEEELZTRIER
Table 2 Comparison of baseline data of patients for tear

sample analysis in the two groups

R ZH iR Al

BLLR e A (n=16) (n216) U PAE
AR (s, % )° 45.44+13.65  53.44+11.770 -1.780 0.085
P B e n)” 11/5 13/3 0.685
R 531 (7 /22, n)" 719 8/8 0.500
B &R n(%)]" 0.800
A E 3 4(40.00) 6(60.00)

£ B2 15 3(30.00) 4(40.00)

N 1(10.00) 2(20.00)

VPN eyl 6(66.67) 3(33.33)

MEEFRAR 3(33.33) 1(11.11)

[53] E £A ot 3(33.33) 2(22.22)

TR A Ay IS BR 4(44.44) 5(55.56)

i 2 SR 2(22.22) 3(33.33)

21 TR JRR e 2(22.22) 2(22.22)

IR B e AR 2(50.00) 2(50.00)

1 BEAR 1(25.00) 1(25.00)

ICLH ARG 1(25.00) 1(25.00)

W Ca ST REAR (RS 56 s b Fisher B0 K656 )  ICL . A SRR IR J5 5 2
UNENLE N 2N
Note: (a: Independent samples i-test; b: Fisher exact test) ICL:

implantable collamer lenses
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assay, ELISA ) & I i 7 & (11-6 38 7 & Al 1L-17 3857 &
WA [ V95 Bl G Sk A BR A AL TGR-B R A & [ i
VL3 A 4 B B A B2 w1 ) Al A0 & ot K YH T TL-6
IL-17 TGF-B ¥ BE o Jir A #2VE 34 i SE 50 & W] — S5 3 A
B4R 42 BE ELISA 257 & i B 5 17
1.3 HitsEnmik

% JH SPSS 29.0 il GraphPad Prism 10 & 1 ¥ 47 4¢
T, I E R A Shapiro-Wilk K Y0 E SE 4 A 1F
A LA xes Feon , 4 8] B AR FH 0 ST B AS 0 K 5
AFFEIER DM EUMCQ,, Q,) F£aw, 4L 1A bR H
Mann-Whitney U £ %% o 11 %5 98 6} DL ECRT & 43 L 3R
N, 2] SR 22 R 56 (24 B8 40 85 < S B R H Fisher
A5 B0 K %) o >R FH Spearman B AH 3¢ 43 A 3F 4 1L-6.

TCF-B . IL-17 5 iy B A8 1 HF Je 52 B A A OG A , OR A
Logistic [0 5 738 £ 1A% A8 HE v B 6952w PR 3%, R
Z R H TAEFRIE (receiver operating characteristic, ROC)
il 2 Ak 25 A0 i TR A AR A R e S FR G S
frif. P<0.054 &7 A GIFE L.

2 BR

2.1 AMELTL-6 . TGF-B  IL-17 55 1 I 5% 48 HE % 2 1
F14) A P B T30 4 1 23 A

211 244 F AR M IL-6, TGF-B ., 1L-17, 1L-6/
TGF-B F1IL-17/TGF-B Fb AL fu 5 i A7 41 28 & A1 J& 1
IL-6 ¥ B \1L-17 ¥ ¥ | IL-6/TGF-B {H #1 IL-17/TGF-B i
PR T e HE R 4, 22 5 394 it 3 L (1=-2.688 .
-2.945,7=-6.084 . -6.124, #}J P<0.05) ; % B i 52 41 7h
JAl i TGF-B ¥R B & T fE R 4, 22 R A Gt L
(1=7.620,P<0.001) (% 3).

2.1.2 AMEINIL-6 \ TGF-B . 1L-17 5 ffi [ FS Al HE % F2 b
A9 AH &P 20 BT Spearman Bk AH 3¢ P 4> Hr &5 IR 8w,
PKP 5 5 F1 A L TL-6 W % TL-17 ¥ 5 5 A RS A8 HE )+
F2 7 44 51 A 56 (r=0.334,0.343, 2 P<0.05) , b JE 1fi.
TGF-B ¥ J& 5 1 B AL M HE R | 2 1A G (r=-0.662,
P<0.001) .

2.1.3 A1 i AR RE AL R HE S RN S e DR ER Y B TR ER
—JG Logistic [HIH 404 B % —JC Logistic [ 3 5 #7
gk W R A0 A I T0-6 ¥k % (OR=1.987,95%CI:1.157~
3.415,P=0.013) \TGF-B ¥ & (OR=0.718,95%CI:0.621~
0.829,P<0.001) IL-17 ¥ J& (OR=1.518,95%CI:1.122~
2.053, P=0.007) ¥ J& ff1 B A% A HE e B N 14 5% e [ 2%
(%£4),

2.1.4 A0 I Af R A HE S B R e R R Y 2 R
0T Logistic M5 4347 2 A 3 5T Logistic [l 1443 #7
5 RN oR AR I TGF-B 2 f A% il HE kS i & A= 1)
M AR P IR (0OR=0.715, 95%CI: 0.613~0.835, P<
0.001) , AN Il TGF-B H5 38 hn 1A B4, FA HE S 4l HE

®3 REMITASREHARFRANNDMMAREFRELR

Table 3 Comparison of cytokine concentrations in peripheral blood between immune tolerance group and immune rejection

group
Al % (azis[ ,Ln:/l,)" (fii(,;:g/l?nl ) (a?:lsL, nlg7/L)” [m( lQL1 ,6(31 )G.bx F 03" (M (l(L)I IZ:/;Gi 1%‘@“
o BT 52 4 42 8.973+0.954 17.933+5.625 8.567+1.396 0.523(0.399,0.712) 0.491(0.352,0.680)
G g HE 5 4 36 9.529+0.856 8.794+4.846 9.643+1.825 1.319(0.775,1.854) 1.244(0.745,1.928)
/A -2.688 7.620 -2.945 -6.084 -6.124
PiH 0.004 <0.001 0.002 <0.001 <0.001

‘E:(a:ﬁ{ﬁﬁzﬁt’f/\\jgﬁ;b:Mann—Whilney UKL ) IL: A4/ 2 TCF # b4 KN+

Note: (a: Independent samples t-test; b: Mann-Whitney U test) IL: interleukin; TGF: transforming growth factor
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S A 1 JRURS: R AT 28.59% (3R 5) .

2.1.5  ARJE I TGF-B I 1 5B A HE % 0 14 %5 BE
BT ROC B4 0 25 5 W os , A1 8 1 TGF-B 1l £
R A HE % S Y () AUC 24 0.883(95%C1:0.810~0.957,
P<0.001) , iz ££ # W {5 4 10.936 ng/ml, £ J& J& K
72.2% FE 5 R 92.9% (1) .

x4 SEAMAREBEARREZMEZRNERNEZ_T
Logistic B 13 5 #
Table 4 Univariate binary logistic regression analysis of
factors influencing corneal graft rejection in peripheral blood

95%CI
24 i R T B  Wald fi Pfi OR ———————

TR R
IL-6(ng/L) 0.687  6.182  0.013 1.987 1.157 3.415

TGF-B(ng/ml) -0.332 20.238  <0.001 0.718 0.621  0.829

1L-17(ng/L) 0.417 7.307 0.007 1.518 1.122  2.053

AL A 5 TOF  F AL A K T 5 OR: FUAR FL 5 O B A5 X (1)

Note: IL: interleukin; TGF: transforming growth factor; OR: odds ratio;

CI: confidence interval

R5 NEAMAEBEHERREZMERNSER_T
Logistic B 13 % #7
Table 5 Multivariate binary logistic regression analysis of
factors influencing corneal graft rejection in peripheral blood

95%CI
AR Bfi WaldY' i PfH OR —————
R B
IL-6(ng/L) 0.673 2580  0.108 1.961 0.862  4.458
TGF-B(ng/ml) -0.335 18.103 <0.001 0.715 0.613  0.835
IL-17(ng/L) 0.182 0577 0447 1.199 0750 1917

TEIL: A 3R TOF e AL AL IR F 5 OR : U HL 5 €12 B A5 X )
Note: IL: interleukin; TGF: transforming growth factor; OR: odds ratio;

CI: confidence interval

2.2 HW IL-6 . TGF-B . IL-17 5 £ I 8% 48 HE & 520 1Y
AH 5 K T 18 53 A

221 204 HRHIHW IL-6  TGF-B . 1L-17 . IL-6/TGF-B
FIL-17/TGF-B L #8 S yieii 52 20 8 & H W 1L-6 MR FE |
IL-17 ¥ JF  1L-6/TGF-B {H A1 IL-17/TGF-B {4 ¥ ik T %t

EHE R A, 2R A G L (1=-3.511.-3.555,Z=
-3.618.-3.580, ¥J P<0.001) ; % %% Wit % 41 & & H W]
TCF-BRIE R TRZEHFA, ER A I EE X (=
3.032,P<0.05)(%6),

100
80
= 60
i
)
® 40F
208 g5 —[[IL3 TGF-B(AUC=0.883)
0 20 40 60 80 100

1475 (%)
E1 SEAMTGF-BMMNFBEBEHERRMEAROCHLZ TCF: 4
A E K F s ROC: 3R TAERE ; AUC: 128 F 1 f1

Figure 1 ROC curve of peripheral blood TGF-$ predicting

corneal graft rejection TGF: transforming growth factor; ROC:

receiver operating characteristic; AUC: area under the curve

2.2.2 HWIL-6 TGF-B . 1L-17 5 ffi RS A HE & B W 1Y
AHOCHE 73 B Spearman Bk AH 5CPE 43 B 45 2R 7%, PKP
R TH W TL-6 ¥R B TL-17 ¥R B 5 0 A% M HE I S iz 1
EIEME(r,=0.518.0.538, ) P<0.05) , {H & TGF-B ¥ &
55 ff1 B RS A HE R R 2 R 6 (r,=-0.502, P<0.05) .
2.2.3  H VR A RS R HE R SN B2 e PR R BRI R
JG Logistic [F1 T 43 H1 B H % ZJC Logistic [7 19 43 #r 45
R HW IL-6 Y E (OR=1.154,95%C1:1.039~1.281,
P=0.008) .TGF-B ¥ & (OR=0.971,95%CI:0.949~0.994,
P=0.015) \IL-17 # J& (OR=1.131,95%CI: 1.032~1.240,
P=0.009) ¥ i £ A% A HE e 520 A& AR 0 52 e &R
(£7),

224 HWE AR A HE R N 2 R E 2 W E
JG Logistic mF 8 ZHE_JC Logistic (B U 53 M 2%
SR THW TCF-B & A B RS AR HE 7 2 I & 2B 9 0k 57
4 I % (0R=0.913,95%CI: 0.839~0.994, P=0.035) ,

®6 REMTASREHRABRARREFRELR

Table 6 Comparison of cytokine concentrations in tears between immune tolerance group and immune rejection group

, 1L-6 TGF-B IL-17 IL-6/TGF-B IL-17/TGF-B

215 %% _ _ . _ . 37b -37b
(%+s,ng/L) (x+s,ng/ml) (x+s,ng/L) [M(Q,.0,),%107] [(M(Q,.0,),%107]

RET AZ 4 16 31.443+7.695 112.981+47.370 47.410+10.268 0.293(0.209,0.358) 0.407(0.333,0.550)

G e HE R 4 16 42.506+9.984 70.690+29.470 60.873=11.138 0.584(0.427,0.909) 0.857(0.623,1.403)

AL -3.511 3.032 -3.555 -3.618 -3.580

P1Y <0.001 0.002 <0.001 <0.001 <0.001

e (a7 FEAR G 5 s b: Mann-Whitney UAZSE)  TL: AN 2 TOF  F b B K H T

Note: (a: Independent samples t-test; b: Mann-Whitney U test) IL: interleukin; TGF: transforming growth factor
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THW TGF-B A 54 14> 57, JBE A% AL HE e 2 1o 2 A
R XU P3G 8.7 % (2 8) .

x7 BiRfAEREEHER RN EZE K 8 E & T Logistic
= 3 43 47
Table 7 Univariate binary logistic regression analysis of

factors influencing corneal graft rejection in tears

95%CI
H A T B  Wald fti Pffi OR ————
TR T BR
IL-6(ng/L) 0.143 7115  0.008 1.154 1.039 1.281

TGF-B(ng/ml) -0.029 5.872 0.015 0.971 0.949  0.994

IL-17(ng/L) 0.123 6.872 0.009 1.131 1.032  1.240

WL AT A 2 TOF b A K 75 OR : LU (B L s T B A5 X ]

Note: IL: interleukin; TGF: transforming growth factor; OR: odds ratio;

CI: confidence interval

#8 HkAEBEHRFRNEZMEZMNS EE T Logistic
= 3 43 47
Table 8 Multivariate binary logistic regression analysis of
factors influencing corneal graft rejection in tears

95%C1
i Bfi Wald *fi Pl OR ——————
TR LR

1L-6(ng/L) 0.356 3.649 0.056 1.428 0.991 2.058

TGF-B(ng/ml)  -0.091 4.440 0.035 0913  0.839  0.994

IL-17(ng/L) 0.229 3.528 0.060 1.257 0.990 1.595

U 1L AT 3 TOR : AR I A 7 OR: AR L 5 CL: B A5 IX )
Note: IL: interleukin; TGF: transforming growth factor; OR: odds ratio;

CI: confidence interval

2.2.5 HWK TGF-B 1M AR5 A% A8 HE F& S L 9 2% R 43
Br ROC 443ty 45 2R WoR , IH I TGF-B Tl i £ R
i HE R BB AUC K 0.789(95%CI: 0.624~0.955, P=
0.005) , fix A3 #% B {4 103.59 ng/ml, U E Ky 81.3%,
RS E R 68.7%(F 2) .

oF [ 7 — HBTCF-B(AUC=0.789)

0. 2IO 40 60 SIO l(I)O
L-HE 5 (%)

B2 ERTGF-BMNAEBEMARKEZMROCHE TCF ik
KRBT ROC: ZAdH TARFRIE ; AUC 22 TR

Figure 2 ROC curve of TGF-B in tears predicting corneal graft
rejection TGF: transforming growth factor; ROC: receiver operating

characteristic; AUC: area under the curve
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