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Abstract

e Meibomian gland dysfunction is a chronic and diffuse
disease of the meibomian glands, characterized by
obstruction and ( or) abnormal secretion of the terminal
ducts. Clinically, it can lead to tear film abnormalities and
inflammation of the ocular surface, resulting in symptoms
of ocular irritation and potential corneal damage that may
impact visual function. Meibomian gland dysfunction can
be classified into two types based on meibomian gland
secretion: low secretion type and high secretion type. The
low secretion type further includes acinar atrophy type
and obstruction type. In recent years, research has
revealed that patients with diabetes experience chronic
damage to their meibomian gland tissue in the early
stages of the disease, leading to structural and functional
changes. The incidence and severity of meibomian gland
dysfunction are higher in diabetic patients. However,
there are numerous complex factors contributing to this
condition in diabetes patients, and mechanisms remain
unclear at present. This article reviews both domestic and
international research progress on the pathological
mechanism underlying meibomian gland dysfunction in
diabetes.

e KEYWORDS: meibomian gland dysfunction; diabetes;
pathological mechanism

Citation:Han YZ, Li KJ, Ma QM, et al. Research progress on the
pathological mechanism of meibomian gland dysfunction in diabetic
patients. Guoji Yanke Zazhi ( Int Eye Sci), 2024, 24 (7).
1098-1101.

05lF

W BRI & — R TE S AL PRBE A5 R L [RVE T LB
RN RIS BR A FE 0 P A WA . B DR TT LA
51— FR AN IR R I A AE , QA DR o3 A0 0 5 72 | B 3R 7K
Jipr AR PR AR 1A T DGR A O T IR v R
W RS A AT e A X R 22t R R 5 A a0 e A DR
R MR R I A Qo R M £ B 722 | G A R D) e B At
( meibomian gland dysfunction, MGD) TR | &% 545 47 45
BRI ER A 5T AU s 7R R R
Hrh MGD R HR 75% " WFSE & IR DRI 85 1
i ( meibomian gland,MG)%%E‘JEE*H@@EQEE&@,%
A B B MGD B RER I I 5 T IE H ACHE, MGD J2
TR e D, B PR R LA K RS HLER 4
FE e I R i s R ™ T R B A R G AR T
BRI REB W R A MU W AR BB A 1ok B AR Ak G TR AR
S N B TR R i RE B, DT LR S Al M O B 2E 2
MGD 1 = ZE &AL o A PR s R 2 0 1 af A 7K S



Int Eye Sci, Vol.24, No.7 Jul. 2024 http .//ies.ijo.cn
Tel.029-82245172 85205906 Email.1J0.2000@ 163.com

W JE MGD 18 % s = Alt, F 1 Al i 2 21 il B i, 3
AN B AS A RE ek N 51 MGD, i
AF Ok [ P A2 KR R & MGD A 55 AS TR A, BUKE
W BRI A5 I A R ) R e 1 s BRLATL ) Y AT 5 9 e 4T
TR, AImIRIGST R TR S
1 ERAUERFRIE

M AR 28 A5 A8 ST 11 ) ok o 2 B Al e BEL 2 )
IR RIS FURG AR R BE R
RGN BT B B AR B AEAS [ A 35 5 25 4 T iEA T
HNEEFR 1) /0N BB AR ZH 2 P it fin 472 2 400 B A 1 A A R
(interleukin, TL)—18 AXLEE/IN BRI A iR i o6 P4 1 i o AR
FMFENNALNE ., F2RER, IL-18 THRIMNE R
FO S A AR T A R 1T (Keratin, Kat) —1 JEPIRISSE N, 7] fiE
FEEE XS B AR T AR GE b AN Ok £ A o Ak AR
JEM S Ket=1 2 R AR RbR R 5 I MR 54 5
Fafk, PR R I NF-«B 3 ™ A K o 9 A 40 it PR
T R PR TL- 18 MR TR FE X 4 40 A D G
KPR EAE . Guo %51 58 2o 44 K BT S B IR 1A T 2%
(streptozocin , STZ ) #E N7 Mi R 9 sl WA 7Y | 3 3o 4 938 2 ' e
S K10( LR Mk bR bRic ) 4 2 il i 2R 5 il
5N ( polymerase chain reaction, PCR) A6 I 21 6 A% Hif
SEMBE P E S IHERRA/NEH 1b(Sprrlb) FasHN,
Sprrlb MY FRIA R BIBERR bR A A S AR 20 A e B £
PR RATRE P MGD ) 380 5 38 A | 5245 40 i 1) £ 16 R IG:
i R R 20 B ) S 3 A S BRI A B 2 IR A TP R ARk
FZEs , FETTZ e AR A HE S 2008 B & AU i o A
ZEAL , AT 5 304k R it 25 4 R AR L TE 1 i — 2
SECMCD B, SRR S MGD 12 A DY f i B2
RIA —E R AL, —E R BT DI — P Y
R BATIAA BB B | iR T A AT A AT I
RIS UE
2 B MR AR AS B1 57 H R A

W RIAE S —Fh 4 B AR | 5 IR B G 2 DI AR
5, I ELBE PRI 23175 5 06 A IR b s TR AR S i i 3R
Al J 53 0 FIHETHE P9 7 A A B, N2 B I AR R A
o B A LTI il =R SR L T S T AR L IR A
PENE BTN S5 28, AR N BT AL T AR 52 A
Ul VH TR A W AR T 7 P 3 T DAl S AR Rt SR
MGD F3 IR P & A B 22 19 73 SRS 1 A BE i 1D R
T R T i 0 107 S TR 4 1 1507 2 R i L
i, S G AR R 1 L S g 400, I 5 1 MGD
FER G I MGD BYME IR I A G I MGD BB SR
AR T Sy PO T | H i = R R % R R AR A T
15, AT RESE T TR PR A 1 S i MR e ) R AR S5 A
B s S U A AR 5 )
7% 32 /K —y ( peroxisome proliferators —activated receptor—+y,
PPAR—v) 25 B %, R MM IR T~ MGD Jig Bt 73 U 5
WK . PPAR-y /& PPAR ZXHETE B i i 2 ffd 1 A Iy
AN P RIA R 2 E Y IR 5 0 D A R Sk A Y R
ik, RS S HEARSH SCHERE SER T 1 Guo %l AL
Z R BTG STZ F 57 Wl R sh IR R, 74 molfl i A B
4] qRT-PCR 1 Western blot 347 H' 7% PPAR-vy ik
F AR 2 5 N8 7 R A A AR B 4 TR0 2 5 L[] e A i 19 T

FIR I 3 AR AR S AR M B 1) LU B 2R A T
S T 5 A R R B, HE I R 30 MGD ., Zou %
308 2o A TR R /)N BRUASE Y | g I A R O 8 P v L
W BE 2 1k 4 K 7= 9 (advanced glycation end products,
AGEs) B 35 LRI A= 28 11 1 35 Xt HE B 9%, i B A AL 2 24 h
J5 R R PE D YL 4 F Western blot #6100 Ji o 983 AH 3¢ J Fk
( glioma—associated oncogene , Gli) 7% K F 1 Bk, Gli
2 2 B4 5 A A DG B R 1 38 % Shh ( Sonic Hedgehog ) 155
T % P AR DGR BT, 2645 IR B s R WAk 3L A Al R g B A
BRI 23 W08 /0 , Gl ik 3 e 263K A Gl A ] 55
GANT 61 Jii, i A ik SN A ob i 5 A 7 A2 4 525 T A
PPAR—vy 75 PEHI 7] T0070907 , J& % 41 Y 6,45 5 7 BH
Wi 1 GANT 61 (GLil il 58] ) Xt Jig o A= i ) £t o 4 T, 2
W piE e B Glil B3R5k, T I PPAR—y ik, R4
il MG (HR BT L, A 23 PG AR IR 1 4
(human meibomian gland epithelial cells, HMGECs ) #F47 3£
LRt TN I b1 A R L AU DN 8 T S w1 D
( immortalized human meibomian gland epithelial cells,
THMGEC) H g s 58 AL P PR R A R 3R A & 1
HMGECs B & R AR KI5 324K -1 (IGF-1R) .35 %
i, HMGECs SEATVEANM 25 5% | KA 5 22 1 19 3 1 B 3R
5, VTR 2R e = /R0 A R M 5 R B B A S
BRI B MGD BRI R 22—,
SHERKFERERNHIT

ST W B PRI R I S R K 7 A, 5 IR
U S SRR DG, BIFSE ™ 2 B, W DR R IR N 7 AE
PEBER AP WL, BB F AR NS R A L MR A
A M2 B E R BESCR AN L TSR A R, A0
FE R R IR EE B M R R K TR
SECHAIL I A b PR R85 1) B 3 R ARPT A K R o
N Fr i A O P AR R RO R, DA T4 ) e A R A
VR B3 3B T LA TR, o SR AR K
g i ZR I L AR N B -1 R A MAME S R
PR |l 28 IR Y 38 A8 R 40 A R R R B O R
( gonadotropin—releasing hormone, GnRH ) B35k , 7 i A
MEBCR 1748 9 B URPIRES S 28 0E A 7 (1 1 2 254 il
TG GnRH B, MM 5 352 i KRR AR 5
5 A5 A 005 B 53 D R B o PR AR DG 1) 22 ok PR Y 3 5
HAZ IR R A IEE Y o DU SRR H AT A
SRR INMERR  E R S 45 B Bk B L TH
IR AR B b & 4 A BRI AR AR A 2L rh A AE I 3R
AR mRNA IR0 b B A0 A N SR 2 R A 1 L
2 AI5o—id J5UE mRNA | AJ LIS S2 R 5 A by 5 335 P 1 XL
FEEPE K, PIFPIE 2 R ERRE A% B0 A T 4 i BT
(M HER R S2 A 3 — 2 PR S R 3K BRIE R R,
S S5 A R 42 4B AR R DR | A2 IR S iy T
S5E A R, i AL E Sprr2a ., Sprr2b |
Sprr3 A 2K 1 17 S5 7E MEW R 4 i 2 R R R S
PR T LA VR ARG B A A0 6 £ At AR 2R AR R Y
165 300 o A8 o e /N LR S L, B TR IS R A RE K /N BR
1 2% 70 I MR , G A M 1 BELIE , IRAR 22 4, PPAR — {553
%32 B 0 5 ) BG AR AR A0 AR K e Ak, B — 20 3 B
MGD, UESE 1 HEBR B k2R 25 B MGD 1Y & 2E . HEBR

1099



EfRIRRIRE 204 F78B E£24% F£7H
815 :029- 82245172 85205906

http://ies.ijo.cn
BB {578:10.2000@ 163.com

X T W AR R S DA AT AR T B ER KT Y AR 2 T 3L
WGz Al B BT Y A W o ek D, TH R ZE R B, TH RO B
SE Y INE MGD & A o BRI R Bz T R
MGD %95 L H i — A~ SC BB 2R R E 1 5808
SR B SR VIR /N BB LA (L) IR
HRZHAR LL , 2538/ AR 5 I st /K S 25 T X IR
WLEE /I B A R R 7L B 4R B N Bel -2 2 4 R Bax S
TR, Bel =2 25 [ 2 200 0 T 400 o 35 D) A S R AR R R A
MHE T RERT, Bax S B A (LA I e, 2
B I AR AR L R 4B Bel -2 BH P 40 i 26k SR B S 1K
TXF BRZH, Bax BE: 20 i 3 1 A& WY Bk 3y T 0 FRZH, S B
BRI REAR S G AR R - R 208 600 T Jam e 5 Al e i A
45, IR B SS  HORAT TR 23 W D RE Y 3 b e A i Kk
A, A BT o WA f U /b JC T A R LR 1Y S AR R D e
UESE T ME KT B AR & MGD L Z —.
4 FAL RS K E E R A R0

HIETWE 5 B R BRI T ) 2 A AR Tl A S
R, 38— &R Y N, A R 3 AL 4 PR ) ((advanced
glycation end products, AGEs) ,iX — i B, 04 Fx oy 36 $v 1
S v ( Maillard reactions) (%] AGEs 5 AGEs 3Z{k%5 &7
L W% 20 LR /NS S5 40 b, S R A I ORI e s PR 7 A% A
¥ kappa—B(NF-«kB) H BT , 5| 2 5 Pk K 7 A= g, o
KPEAALETT AN T A 5 40 R 8] TR 1
g3 A 8 A PR - AT RS 3 S AR R ERODL AR i
Pt =R A R Y BEgT R BR AR S 5 RIEN A
SR PRI SR A PN A E DR 11 18 22 {8 I Al R AR I
WAL, SE T T3 MGD 1 &A=, (R B A PR 9 2 X 1
£ FR G ST S A BT LAZR XS e 40 B8 R 2 1Y g
W PR B IR T iR, by AR 1 AR A SR R A R S A
FUIE B AHETE 5) 10 IR 2 0 S e PE R AE . ) AR SR ik
AT LA R TER P e T 120 1 B AR, 5 | MR 8 o 2 3
B UYL B R MGD IR A

UTAERVE 2227 3 Tl ok Bl W) S 3 Sk W 58 AL LI S R
JEP X MGD (54, Guo %13 3 45 K B 4t STZ
HENT W R S AL AR BT 1o TL— 1B 55 S A A 1
mRNA R IATE 4 mo HH IR 2H (Y K Bl MG & 25 34
IL- 122 5 RAE BN YA 58 4 PR 5 I ELWE PR 20 K B
A8 B A S 36 PE 48 (reactive oxygen species , ROS) HH . R
£ ,ROS Byt LR R S R SORLAR (1 25 44 fiff 2H 21U A 4
AN, 212 S A I8 S 25 M B 98 S (] s £
A AR AL AL 2 R ECMGD 1Y & A s E
BRI A5 R BRI 2 R B MG Hr 4B M 5 3 1 e
1/2 Fl NF-«kB p65 B8R fb K -0 . T+, A A 5 08
7 B4 ( extracellular signal —regulated kinase , ERK) Py
JE G AL 2R 5 ( mitogen—activated protein kinase, MAPK)
G5 mF XM r— 5, ERK FZA43 WA, 502
ERKI1 (p44) Fl ERK2 (p42) , SCHR 2 1IE 5SS ERK1/2 {55 9
RSV 22 9 BEOR 0 A 45 18 M A e A 06T L — A AL
GEE AL = 1 B LB R R Sk B A0 E
P 441 e S A0 B 3 -5 B0 NF -k B 30T, DU (2 i 22
NF-«kB #EHl AR F , — 262 5 0 A 4 T R e
ML A & ¥ 8 250 9 40 B8 % B 53 7 (cell adhesion
molecules, CAMs ) 1Y 2% 35 B 8 IE W % NF - kB (38 351 |

1100

NF-«B 755 5 38 ) BE 1) 2207 T, FAE SR 5805 BN i) 56
A BTE JE IR PR FOCE EAYME . CAMs
T A 255 A0 AR 5 114 70 DR 48 55 20 T A% 10 SR TR
7E MGD P L5 CAMs e PR8I , [RRE i 4518 ik
A ET A L s RS AN U ST STZ gy s
R B/ INERL 3 Rt DR 2E RN BRZE B DR 55 417> BRAE 4 mo
FIsF PO A D0 ) S A A AR v 1) B 2 7 CD68 BH 4 44t it
Z X1 40 M ( polymorphonuclear leukocytes, PMN ) FH 1 41 iy
12, FF ELH LAY R AE T TNFo IL- 1o A1 IL-18 1Y
mRNA FIRHRAT I 2 T, B B2 1 VEAM - 1 R4 i i)
B> 7 1(ICAM-1) By Rk WA B2 T | 1292 5
iA3# 1 Real-Time PCR Fl Western Blot 3 RIESL T K=
PEPR B T 5 SO OC A INK-IKK-NF-«B {5 5 3 % ,
S AR SR PR 5 IR 1Y 22| EE S vy B I s A ) 3
A ROS ZK-F BTt 3R Ak - Bt S AL P17 2 58, AT
AN SN 1 KA R
5EBAS5RE

SCTHEIRE MGD 45 BEAL T, H BT RO 98 K 2 457
eSS b B B A HE D | Bk 82 1) Sl ) 5 R
P, N2 A Hh 55 A 1) 45 ) T i A B A A
AT PR SRS RIS B8 s AL (E ATy 23k — 40
B RIS SR B8 UE , [R]AsE MGD A HR 2 U0 AH 5%, 16 A it
7 A Y i BRSO BRSSO IR R R I
TR AR AR FIAAE | S 28 3l s A T IR e i (L il
DIWE PR A6 A BN IR T IR g 42 il I B A [l e, S L 5
TEMR RPN 1 & A & T, MGD 5 5 FE F 7 301 46 ) 0
R, Ho BRAL G A2 H A 2% AL 2 A A B0 AR A LA
BB W58, AAE RS AR SR FRATTRT LI
o FELAIL T2 TET XA PR MGD AT BELIRT 9 20 MR 8 9 6 1)
SRR B B RO BB AR A
B2k
[1] Han SB, Yang HK, Hyon JY. Influence of diabetes mellitus on
anterior segment of the eye. Clin Interv Aging, 2018,14.53-63.
[2] tpi&. 2 BB R G 2B A IR R T AR AL I RO 42, T R ERF R
2 2020.
[3] Knop E, Knop N, Millar T, et al. The international workshop on
meibomian gland dysfunction: report of the subcommittee on anatomy,
physiology, and pathophysiology of the meibomian gland. Invest
Ophthalmol Vis Sci, 2011,52(4) .1938-1978.
(4] ok, s, B, 5. BRWEAHCIR BRI R, P E
PRS2, 2020,27(2) :331-336.
[5] Zhou Q, Yang L, Wang Q, et al. Mechanistic investigations of
diabetic ocular surface diseases. Front Endocrinol ( Lausanne), 2022,
13.1079541.
[6] Yu T, Han XG, Gao Y, et al. Morphological and cytological
changes of meibomian glands in patients with type 2 diabetes mellitus. Int
J Ophthalmol, 2019,12(9) :1415-1419.
[7] Lin X, Xu B, Zheng Y, et al. Meibomian gland dysfunction in type
2 diabetic patients. J Ophthalmol, 2017,2017.3047867.
[8] X5, 2 BUBHIRAG IR R H AIG R ER . AR, 2016.
(9] XEHH#. (BZ R THRARBR I RERERE) — T AR IR IRIREBL 35
2020,28(2) :150.
[10] Xu KK, Huang YK, Liu X, et al. Organotypic culture of mouse
meibomian gland: a novel model to study meibomian gland dysfunction in
vitro. Invest Ophthalmol Vis Sci, 2020,61(4) :30.
[11] PRRERRE. BET/IN RS AR MR o B BB SR AR R S AE 15 7 I A Ak )



Int Eye Sci, Vol.24, No.7 Jul. 2024 http .//ies.ijo.cn
Tel.029-82245172 85205906 Email.1J0.2000@ 163.com

BERSRG IMLRITSE . ferh R K2, 2020.

[12] FHE, W5, A5, 2 BUBRMEES R 58S ZRFE
T I BT ST . I0 T A R 2 R, 2016,18(11) 1 71-73.
[13] ZRHhoe, MR, 220, AN R - 10 5 2 BB IR & 9 R
B . T A 5T, 2020,49(2) :331-335.

[14] Guo Y, Zhang H, Zhao Z, et al. Hyperglycemia induces

N

meibomian gland dysfunction. Invest Ophthalmol Vis Seci, 2022, 63
(1):.30.

[15] Du YL, Peng X, Liu Y, et al. Ductal hyperkeratinization and
acinar renewal abnormality: new concepts on pathogenesis of meibomian
gland dysfunction. Curr Issues Mol Biol, 2023,45(3) :1889-1901.

[16] Geerling G, Baudouin C, Aragona P, et al. Emerging strategies for
the diagnosis and treatment of meibomian gland dysfunction: Proceedings
of the OCEAN group meeting. Ocul Surf, 2017,15(2) :179-192.

[17] Yang Q, Li B, Sheng M. Meibum lipid composition in type 2
diabetics with dry eye. Exp Eye Res, 2021,206:108522.

[18] Wang HF, Zhou QJ, Wan LQ, et al. Lipidomic analysis of
meibomian glands from type—1 diabetes mouse model and preliminary
studies of potential mechanism. Exp Eye Res, 2021,210:108710.

(197 XU, wSnaR. 2 BOBE BRI A7 I AR i B B RS 5 1001 AR G
WS, EPRIREAE, 2022,22(7) :1210-1214.

[20] Hu W, Jiang C, Kim M, et al. Isoform - specific functions of
PPARY in gene regulation and metabolism. Genes Dev, 2022,36(5-6) .
300-312.

[21] Zou ZZ, Wang HF, Zhang B, et al. Inhibition of Glil suppressed
hyperglycemia—induced meibomian gland dysfunction by promoting ppary
expression. Biomedecine Pharmacother, 2022,151.:113109.

[22] Ding J, Liu Y, Sullivan DA. Effects of insulin and high glucose on
human meibomian gland epithelial cells. Invest Ophthalmol Vis Seci,
2015,56(13) :7814-7820.

(23] Mggeme, Rial, XUAL, 55, 54k 2 BOWE PR 8 0075 SR A
TF I BRI R K F 28 b B 3 CHRT. UIR R 2 4%k, 2022,32(4) .
62-65.

[24] BiATE, A%, BB K. 2 BIHIR S HAS 1L TT R0 83 M
R 53 5. MR B 2B 2= 4, 2009,28(3) :247-249.
[25] BTN, 7. 2 BUBHIRMG Lot B 5 PR IR 5 S PR D e e 1
MBEFE. WP B 2243k, 2022,51(9) : 1023-1025.

[26] T, HAAR. BT 2 I OC R MR SR, S B4R B
2, 2022,36(8) :850-853.

[27] Wik, 7R, MR S50 RO AP RARTUC R BT T i Jre.
MR E ) 2016,27(18) :3029-3031.

[28] Sahin A, Liu Y, Kam WR, et al. Dihydrotestosterone suppression
of proinflammatory gene expression in human meibomian gland epithelial
cells. Ocul Surf, 2020,18(2) :199-205.

[29] Traish AM. Health risks associated with long—term finasteride and
dutasteride use: it’s time to sound the alarm. World J Mens Health,
2020,38(3) :323-337.

[30] Hat K, Planinié A, Jezek D, et al. Expression of androgen and
estrogen receptors in the human lacrimal gland. Int J Mol Sci, 2023,24
(6) :5609.

[31] Wang LX, Deng YP. Androgen and meibomian gland dysfunction:

from basic molecular biology to clinical applications. Int J Ophthalmol,
2021,14(6) :915-922.

[32] Sullivan DA, Jensen RV, Suzuki T, et al. Do sex steroids exert
sex—specific and/or opposite effects on gene expression in lacrimal and
meibomian glands? Mol Vis, 2009,15.1553-1572.

(33] ZATI. 80 3% S 5 X O A AR D 1) 52 i B AR SC AL BT R
2, 2022,

(34] Fact, skF8r, 2, 55, R 6 AR IRE S 854 1 D) hE
S AT eI TTALIR TR A B2, 2007,1:56-58.

[35] VFRUBT, 2B, CME, 45, Bel-2 I Bax 7E 2 B9 HLK BUKG AR IR
o b FERBIBRSE. BEPREESE, 2011,40(5) :420-421,412,424.
[36] Bansal S, Burman A, Tripathi AK. Advanced glycation end
products; Key mediator and therapeutic target of cardiovascular
complications in diabetes. World J Diabetes, 2023,14(8) :1146-1162.
[37] Alves M, Calegari VC, Cunha DA, et al. Increased expression of
advanced glycation end — products and their receptor, and activation of
nuclear factor kappa—B in lacrimal glands of diabetic rats. Diabetologia,
2005,48(12) :2675-2681.

[38] Massingale ML, Li XH, Vallabhajosyula M, et al. Analysis of
inflammatory cytokines in the tears of dry eye patients. Cornea, 2009,28
(9) :1023-1027.

[39] Yan JW, Horng T. Lipid metabolism in regulation of macrophage
functions. Trends Cell Biol, 2020,30(12) :979-989.

[40] Najafi L, Malek M, Valojerdi AE, et al. Dry eye and its
correlation to diabetes microvascular complications in people with type 2
diabetes mellitus. J Diabetes Complications, 2013,27(5) :459-462.
[41] RF, PPV, F#RLL, 5. 2 TOWE PRI 88 TH TR 43 6 B T
RERI BT, IRBLDEST, 2004,5:533-535.

[42] Lu N, Malemud CJ. Extracellular signal — regulated kinase: a
regulator of cell growth, inflammation, chondrocyte and bone cell
receptor—mediated gene expression. Int J Mol Sci, 2019,20(15) :3792.
[43] Bierhaus A, Chevion S, Chevion M, et al. Advanced glycation end
product—induced activation of NF—kappaB is suppressed by alpha-lipoic
acid in cultured endothelial cells. Diabetes, 1997,46(9) :1481—-1490.
[44] Vallabhapurapu S, Karin M. Regulation and function of NF —
kappaB transcription factors in the immune system. Annu Rev Immunol,
2009,27.:693-733.

[45] Barnabei L, Laplantine E, Mbongo W, et al. NF—kB: At the
borders of autoimmunity and inflammation. Front Immunol, 2021,
12.716469.

[46] Zhang T, Ma C, Zhang Z, et al. NF-kB signaling in inflammation
and cancer. MedComm (2020), 2021,2(4) :618-653.

[47] Liu S, Richards SM, Lo K, et al. Changes in gene expression in
human meibomian gland dysfunction. Invest Ophthalmol Vis Sei, 2011,
52(5) :2727-2740.

(487 SWATHF. M IRAG T 52 0 06 AR 5 5 A8 B AL AR 5. BB TT R
2, 2019.

[49] Narang P, Donthineni PR, D’Souza S, et al. Evaporative dry eye
disease due to meibomian gland dysfunction: Preferred practice pattern
guidelines for diagnosis and treatment. Indian J Ophthalmol, 2023, 71
(4) :1348-1356.

1101



