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Abstract

e AIM: To investigate the expression and clinical
diagnostic value of toll-like receptor 4 (TLR4) and nuclear
factor- kB (NF-«kB) in conjunctival epithelial cells and
tears of patients with dry eye.

e METHODS: From January 2023 to June 2024, 104 dry
eye patients (104 eyes, disease group) who visited our
hospital and 100 healthy individuals (100 eyes, control
group ) who underwent physical examination were
selected. The changes of TLR4 and NF-«B in conjunctival
epithelial cells and tears were analyzed. Pearson analysis
was applied to analyze the correlation between TLR4 and
NF-kB expression in conjunctival epithelial cells and tears.
Logistic analysis was applied to analyze the factors that
affected dry eye. ROC was applied to analyze the
diagnostic value of TLR4 and NF - kB expression in
conjunctival epithelial cells and tears for dry eye.

¢ RESULTS: The differences in the use of eye drops, tear
film break-up time (BUT), Schirmer’s test (S | t), tear
film thickness ( TFT), and corneal fluorescein staining
(CFS) scores between the disease group and the control
group were statistically significant (all P< 0.01). The
expression levels of TLR4 and NF - kB in conjunctival
epithelial cells and tears in the disease group were
significantly higher than those in the control group (all P<
0.01). There was a positive correlation between TLR4 and
NF-kB in conjunctival epithelial cells and tears ( r=0.392,
0.348, all P<0.05). Frequent use of eye drops, CFS score,
TLR4, and NF - kB were risk factors for dry eye ( OR =
2.153, 3.183, 1.578, 2.452, all P<0.05), while BUT, S| t,
and TFT were protective factors for dry eye ( OR=0.654,
0.755, 0.276, all P<0.05). The sensitivity, specificity, and
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AUC of TLR4 combined with NF - kB in conjunctival
epithelial cells in the diagnosis of dry eye were 86.54%,
81.00%, and 0.889, respectively. The combination of TLR4
and NF-«kB had higher diagnostic value for dry eye than
uncombined diagnosis ( Z,,,pination-Tirs = 3- 206, P=0.001;
2. ombination-Nexg = 3. 165, P = 0. 002 ). The sensitivity,
specificity, and AUC of TLR4 combined with NF-«B in
tears for diagnosing dry eye were 82.69%, 70.00%, and
0.818, respectively. The combination of TLR4 and NF-«B
in tears had higher diagnostic value for dry eye than
uncombined diagnosis ( Z_, pination-tire = 9- 117, P=0.002;
Z ombination-NF-xs = 2:363, P=0.018).

e CONCLUSION: The expression levels of TLR4 and
NF-kB in conjunctival epithelial cells and tears of patients
with dry eye are elevated. TLR4 and NF-«kB are related to
the development of dry eye, and that elevated levels of
both are associated with an increased risk of dry eye
disease. The combination of TLR4 and NF - kB has a
certain diagnostic significance for dry eye.

e KEYWORDS:.: dry eye; toll - like receptor 4 ( TLR4);
nuclear factor-xB (NF-kB) ; diagnosis
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1 FTRASXBAMEXIGREST
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RIS (B, %) 0.291 0.589
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BUT {H (X %S ,s) 3.43+0.84 9.71+2.03 29.069 <0.01
STt {fH(X£S,mm/5 min) 3.47+1.01 9.94+1.37 38.498 <0.01
TFT(X£S, wm) 19.51+1.84 26.76+2.84 21.722 <0.01
CFS P4> (X8 4%) 2.13+0.47 0.62+0.29 27.487 <0.01

X FR 2 S R ) f e
*x2 FTHRASXBALE FRMMEKRERS TLRS F1 NF-«xB HIREDHT xxs
a1 . S5 1 Fz An i THE
TLR4(ng/mlL) NF-kB( pg/ml) TLR4( ng/ml.) NF-«kB( pg/mL)
TFHRA 104 5.27+1.26 34.76+7.84 4.03+0.96 27.32+5.76
X IR 2 100 3.98+0.81 26.17+6.15 3.13+0.72 21.18+5.63
t 8.661 8.684 7.552 7.696
P <0.01 <0.01 <0.01 <0.01
6 R R R
*3 ERTREFHEZHH

Sk B SE Wald X* P OR 95%CI
A P R 0.767 0.336 5.209 0.022 2.153 1.114-4.160
BUT H -0.425 0.189 5.048 0.025 0.654 0.452-0.947
STtfd -0.281 0.127 4.897 0.027 0.755 0.589-0.968
TFT -1.287 0.642 4.021 0.045 0.276 0.078-0.971
CFS 1743 1.158 0.557 4.321 0.038 3.183 1.068-9.483
TLR4 0.456 0.181 6.351 0.012 1.578 1.107-2.250
NF-«B 0.897 0.349 6.605 0.010 2.452 1.237-4.860
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HEBEE 0.818 0.761-0.876 82.69 70.00 0.527
1.0 —r TLR4/NF-«B {5 518 B0 5 T 1R A9 & A 5, i A il %
e TLR4 SERI 259 HMGB1 , TLR4 \NF-«B &k 7K VB, W42 IR
e yd s FTINE 5 A b J A0 ML 45 M D RE B AT FE AR A o
06 s'lf—“* ZH L FHR 8 25 1 R 4B S TH P TLRA 2638 K & T fi
= EE  TLR4 TR GR N, 5 FRIFIE 45 R,
# 0.4 FW] TLR4 Rk KT 5 T IR AR XU B A O¢, JE
JRH AT RESE TLR4 25 T £ 45 900E I N A 56 145 53l
0.2 B, WF5E & B TLR4 7] 2 5 TLR4/NF -«B/NLRP3 5 5l
00 %, %k T IR Sl AR 1) 98 i 5 I R 328 3 Bl A 8 9 A
00 02 04 06 08 10 ML 2R YT IS AL TLRA F3K KT FRAG, LI 28 E /)N
| GiBERAMAH TLRA & NF-«B Rixi#i FRpy Roc  AFRISHNH] TLRA/NF-<B/NLRP3 i 3 ## B 0 ), A
s 1A AR IR e 2 e
10 R TREAEAE AT e BT AR B R K Rt iA T O, 45
i TLRe B 2 A 4 DR 11 2N A 3 - 1 TR R B
S I 2 N F-a) ROV B, NF-xB RikATHEAE, H0HNF-«B
I 5% 1 FEIRREAE U T Ff1 5% ] B G 28 A V% 4, DT A ER AL A4 % i
-l SR, E B 2 AR B B, MDA RS R
# 0, TEHRARE 8 K BRL 5 ik B K LA e, BUT {8 LA % T W43 9 4
i PIRAIC, CFS 1A I 1z 41 i B 30T 1) 328 A i 45t 35 |
0.2+ Fb, RGBT & LK% NF-xB AU B &al i ehA
I Y75 BUT B LA K TH R 43 b i 24385 in, CF'S A B L A2 4
0G0 o2 0.4h Hor.ie 0.8 1.0 R AT YO0 58 40 M 85 P ARG, 98 RE PRI FT NF-kB 38
1-4¢ 5 v

B2 5B TLR4 & NF-«B FixiSH TR ROC ik,

3itit

FHR RIS PEIR s, B HBE I RE T %, PR AE
JR, BB T RE B HR 0 S E IR R K R AR
SR R RS AR, P R EUR R R TR R A
SHREEHN R A 218 R AR S HE T A
TAHW B EIRYT TR0 259, U AR T 1 ol
R AAE B T AN B S W AT LAY T R Y
BIRAAN RG24 IR, AR o835 58 1 iR f 5 4%
J5E |- Kz A i S TH W TLR4  NF —«B 3Rk 15 0L 221k, DA
K5 M) 1 HIR KB 93 )52 T PR 26, A 1 HIR B4 I DR it B 12 W 2
SR,

5T & B GSDMD 4~ T 9 4 Jii £ 7- 5 NLRP12 5
NLRC4 RIE/MEF | 774 IL-33 , X — i FE 755 TLR4 5
IS B L R N Y 2 I K A T8, IR, TLR4
TR & e 25 AR, Jiang 251 B 58 & B0
TERE PR 96 T W A% %1 /N B A& Y TLR4 . NF — kB . NLRP3
IL- 1B Z kK F-THE , TLR4/NF-«B/NLRP3 15 53l % %
TR g ik AL VR W AE . ek, A 5T & 3 HMGB1/

978

KRR, AWFIE & BLT R 20 45 15 b iz 40 I 30 0k
NF-kBF A K5 TR IR, 5 ERiFsT ol 28, 2
NF-kB 7K Fh 55 R B8 XUBS: 386 A 56, H: D PR AT g
J& NF-«kB 25 R FR 9595 A7 OC B 45 538 B, 30 i) H 3R 3k
AL R IR R O A VR T, B AR NF — kB 3R 38 7K 7 3 ]
NF -k BA 538 46, W] AR S RE S0 1 A8 £ BBt 459>

TLR4/NF-«kB RIEf5 Tl iS5 TR & £ &R
TR WS R IR iA T I AW PR T AR O BRURE BY f ff E
SRR TH IR 4505 B AR Ak ek 45 IR 229 R 203 , TLR4 \NF-«kB
FTNF—a B2 IR 7K BEAIG, 70 6) TLR4/NF —«B {5538 #%
WA SR E I P L AEARTESE A 45 B L R 0 R H
TLR4 5 NF-«kB #1IEAH5¢, H TLR4 5 NF-«B B4 X% TR
iz WM ERE T ZH B 2 Wik hae, #&/8 TLR4 5
NF-kB7E TR A AR, L[5 2 5 40 OG5 53 i R 3 1
IR & S 2

2R b ARG 1 R R 3 A5 L B A S H e v
TLR4 \NF-«kB Fih7K-F-Fh i, P T 5 5 8 T HIR JXURS: 384
Fok, HMi# S IEA G, IRl B AR 98 & B8 TLR4 B & NF-«B
X IRA — 2 W X, ARk nT a1 T TR G Rz Wi,
R FE B R AR AS B4/, HoR HEAT 22 0 B, 1T



Int Eye Sci, Vol.25, No.6 Jun. 2025 http .//ies.ijo.cn
Tel.029-82245172 85205906 Email :1JO.2000@ 163.com

RERRZE R —E R R R SR (8 ORE A o Lt
ATYGAE , LA I 39068 AR S L o) BE A7 TR A5, 38 81
ik

P SR B AR SO AR 2 58

PEE STEk A B . X [ D88 SO S B ok, IR RS =TT
V- RLISCHRAG R Bt o 4T 5 R A e LR R 18 SCIB B
W, AR B BT R B R A A,

Sk

(1] %5, W, RO, 55, A6 07 O OCHE IR BB A A B
AR S, e AL 2023 ,58(21) :2662-2669.

(2] 7R8, S, B, % 22Tl R O R R SGRe
O, IRFPLEE R, 2020,40(1) :70-72.

[3] BRIR, 240K, BEESMRANIE A thEGF W IRIAR Y A NEEAR G T
WRAE Y728 AR 2Rk, 2021,41(14) :3006-3009.

[4] W, 22222 BJEZR. [RECHMIG MEK/ERK {5 =il B3 2R
FEE IR T T R K SRR R e BRI A AR, op [ A Ak
2024,40(5) :1089-1095.

[5] %, skBL THREREEARE CIE T IR A A ML B 5 1 . IR
B, 2023,43(6) :496-499.

[6] Sudhakar K, Dugar N, Jupudi S, et al. Unveiling molecular
insights: in silico exploration of TLR4 antagonist for management of dry
eye syndrome. BMJ Open Ophthalmol, 2024,9(1) :e001610.

[7] Han RF, Gao J, Wang LM, et al. microRNA — 146a negatively
regulates inflammation via the IRAK1/TRAF6/NF-kB signaling pathway
in dry eye. Sci Rep, 2023,13(1) ;11192.

(8] WU TR Er2 2%, WRURP 2 R 25 T &S i b s IR B4 &
P Z2 R IR R SR, T E B2 IR E 4 2 IR R 5
IR2%2H. TR 3 A A FIS T (2020 4F) . PR B AR,
2020,56(10) . 741-747.

(9] 246, VERTRE, skin. TR A 75 sy Bh ot i Je. [ BRIR AL A4
&, 2023,23(4) :573-577.

[10] BkEAE, EBImN, M5, 55 FEEGHE RN IR B0 B TR
KRR, FEBRIRF AL, 2023,23(11) :1880-1886.

[11] Vehof J, Utheim TP, Bootsma H, et al. Advances, limitations and
future perspectives in the diagnosis and management of dry eye in
Sjogren’s syndrome. Clin Exp Rheumatol, 2020,38(4) :301-309.

[12] Kamgy B, Magno M, Ngland ST, et al. Video display terminal use
and dry eye: preventive measures and future perspectives. Acta
Ophthalmol , 2022,100(7) :723-739.

[13] Chen H, Gan XL, Li YH, et al. NLRP12—- and NLRC4-mediated
corneal epithelial pyroptosis is driven by GSDMD cleavage accompanied
by IL-33 processing in dry eye. Ocul Surf, 2020,18(4) .783-794.
[14] Jiang KW, Zhang FL, Chen Y, et al. Fosfenopril attenuates
inflammatory response in diabetic dry eye models by inhibiting the TLR4/
NF-kB/NLRP3 signaling pathway. Invest Ophthalmol Vis Sci, 2024 ,65
(6):2.

[15] Shen JC, Liang Y, Bi ZJ, et al. Cyclosporin A improves the
hyperosmotic response in an experimental dry eye model by inhibiting the
HMGB1/TLR4/NF - kB signaling pathway. Exp Eye Res, 2023,
229:109418.

[16] Yang FM, Fan D, Yang XQ, et al. The artemisinin analog SM934
alleviates dry eye disease in rodent models by regulating TLR4/NF-kB/
NLRP3 signaling. Acta Pharmacol Sin, 2021,42(4) :593-603.

[17] EMEHE, 200, B, 45 3R B B AL T HRAR AL A FLAH
bR T~ 1 TNF— oo [NF-«B 335 (#5500, oA o 5 25 4 7]
2018,36(2) :333-335.

[18] Fh0ofe, PLT-HR, XIaEE , 45, 41 l# i3 a7nAChR/NF-kB p6S
5 T OB e T R 3 P R B B RIBIE 5T, 2022, 47 (11) : 975~
982,992.

[19] Hong SC, Yu HS, Kim JW, et al. Protective effect of Tisochrysis
lutea on dry eye syndrome via NF—-«B inhibition. Sci Rep, 2022, 12
(1):19576.

[20] T, FHRUE, XU, S5 Ffl T 1R S OB A5 5 K
1L NF-«B {5 S B 520 HRBERT R , 2024,44(3) :173-177.
[21] Fu Z, Wan MM, Jin T, et al. Electroacupuncture modulates the
TLR4-NF-«B inflammatory signaling pathway to attenuate ocular surface
inflammation in dry eyes of type 2 diabetic rats. Cell Mol Biol ( Noisy—
le—grand) , 2024,70(5) :111-118.

979



