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[ Abstract] Objective To explore the changes in morphology and function of meibomian gland and the
expressions of inflammatory factors and lipid metabolic factors in meibomian gland of diabetic mice. =~ Methods
Fifty 8-week-old male C57BL/6 mice of clean degree were divided into normal control group (n=20) and diabetes
model group (n=30) according to a random table. Diabetes model was established by the intraperitoneal injection of

streptozotocin (60 mg/kg, 10 mg/ml). Mouse tail vein blood glucose = 16.7 mmol/L was considered as successful
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modeling. Blood glucose was measured weekly,and body weight was compared between the two groups. Ten mice were
randomly selected for fluorescein sodium staining of the cornea to evaluate the integrity of the corneal epithelium from
both groups at an interval of 4 weeks. Five mice were randomly selected from the two groups and were sacrificed via
anesthesia to collect meibomian gland tissue for hematoxylin and eosin staining in order to observe morphological
changes at 8 and 16 weeks after modeling, respectively. At 16 weeks following modeling, mebomian gland of 5 mice
randomly selected from both groups was stained with oil red O staining to observe the distribution of lipid. Real-time
fluorescence quantitative-PCR was performed to detect the relative expressions of tumor necrosis factor ( TNF)-ar,
pigment epithelium derived factor ( PEDF ), peroxisome proliferators-activated receptor y ( PPAR«y ), and adipose
differentiation-related protein ( ADFP) mRNA in meibomian gland. The use and care of animals complied with the
ARVO statement. This study protocol was approved by the Institutional Animal Care and Use Committee of Tianjin
Medical University Eye Hospital (No. TJYY20190630009). Results The successful modeling rate of diabetes in
mice was 100% ,and the survival rate was 83.3% (25/30). The weight was significantly lower and the blood glucose
level was higher in diabetes model group at 8 and 16 weeks after modeling in comparison with normal control group
(all at P<0.05). There were significant differences in corneal fluorescein staining score among different time points in
diabetes model group ( F=27.155,P<0.05). In diabetes model group,thinner wall of meibomian gland duct,enlarged
lumen of the duct, dilated acini and oil red-stained lipid deposition in most acini were observed. At 16 weeks after
modeling, the expressions of TNF-a,and PPARy mRNA in meibomian gland of diabetes model group were 3. 33+0. 91
and 1.55+0. 25, which were significantly higher than 1.00+0. 16 and 1.00+0. 27 of normal control group ( both at
P<0.05). The expression of PEDF mRNA in diabetes model group was 0.42+0. 08, which was significantly lower
than 1.00+ 0. 34 in normal control group ( P<0.05). There was no significant difference in the ADFP mRNA
expression between the two groups (¢=0.943 ,P=0.38). Conclusions Inflammatory factors and lipid metabolic
factors such as TNF-a, PEDF, and PPARy may be involved in the pathogenesis of meibomian gland dysfunction
induced by diabetes.

[Key words] Meibomian gland dysfunction; Diabetes complications; Tumor necrosis factor-alpha; Pigment
epithelium-derived factor; Peroxisome proliferators-activated receptor y; Adipose differentiation-related protein
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(tumor necrosis factor-a, TNF-at ) 42 % 4iE J2 W 13 £ 57
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B PRAG 15 5 MGD AH 5% (HJ2 H & T8 IR W i &
MGD 1 % i HL i 6 W i 8. 0 R b R AT AR N T
( pigment epithelium derived factor, PEDF) E. 75 it & )
fg ', i 41k Wy T 1A 6 B TS B2 4Ry (peroxisome
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L1.1 S2msh¥ S50 2 U9 8 Jul i fd B A 1k
C57BL/6 /IR, W [ b 5t 458 R 48 52 50 3l ) 5 R A R
A [VFATHIES : SCXK ( 51) 2016-0006 ] , {4 J5i £ 18 ~
20 g, HRBRIR AR5 A8 o R F B AL B0 R 206 Ho o o IE
WO HEAL 20 FUMVBE PR R 2 30 B IR TR HE R
PR MR B 5 Fir 8l 9y 92 56 v o0, 1) % 30 B8 4 4 B2 o
B B W BB B K . BE T R R HEE R R IR
FHEE B¢ 52 56 3h ) 4 H1 5 0 22 51 2 b ok (At 305
TJYY20190630009)

11,2 F850 MU BER A I R (streptozotocin,,
STZ) 2L O ekl (L H Sigma 24w ) 5 9055 515 &
(£ Thermo A W) . KZ 1 5 o 4 ZL0F 85 A (I 9§
IR AW FE B R A ) 5 SR SO0 E B PCR Y
(ABI7900, 2 [ Applied Biosystems 2\ ) ) ; 9¢ Y65 B T
45 ( H A Nikon 24 H]) .

1.2 J5ik

1.2.1 WEROWEIALAEE ST @M MR SR A 1R, IR
Yo LAY ZH SR ] 60 mg/kg I JFE N TE T 10 mg/ml STZ 2%
PPV I SR T A S d, TE R BRI N U A A i
0.1 mol/L pH 4.0 Fr 45 ER 84 22 vh . /N Bl A |1 koK
HER 72 b K LR K IR = 16. 7 mmol /L AR Sy 4R
PROGASERI ST ) o 4 20 /0 BB T 1) % TR, E
A6 I 2% AT 5 20 /N BRI e AR 5 i, S 20 UL 4% AR i
IO o

1.2.2 ff B9800 R % 6 0 Al /N B B | pe o8 %
P o TR AR S 4.8 .12 K& 16 Jil A 7 0 OB PR A
RUZH AR 0 BRZH 25 10 HU B, A IR AR I 3% T iR
10 g/L 9GRS pl J5 30 s, ZLBUET B ARG T W H 4k
VIR R WS I Iy o PO R MY A PF 7 R AT 12 41
%R 4 DRI BRI 0~3 77, R
N0y, 1~30 A g RE 6 157, >30 D RUiRE G H
PRGN 2 2, BB I ARG GRS 2R
Bm %N 3

1.2.3  JRARORS — O 20 % (0 WL 52 /0N BRI Al i 41 U8
A A TEBS 8 JH R 16 JE AT B 3k BOE PR v A Y
HRNIE X BRALA5 5 HUNRL, 2 B RRIEE AR AT H /1 B
MR 1 T ARG 4% 4, sk 5% [l IR Bk — IR 4 B, &1 T
TRAr B 4% FRVE W T W R 72 h, S A R T R Uk
G4 TR CREBL K, Z W AGE B, A s DL R
BL77 1) U) R AR 06 42 )2 U0 R, IR 4 o 4 A7 85 DT
BT ORI KCE TR R AR R YA
2 min AR TR B 1% ER 1R S 504 20 s AR BLI- 50 1%
FUKIRTE 20 s BHLLe (0 2 mins B QBERIE, —HUR
S SN R O E S e R TR € DR

1.2.4 Jh4r O Jeta W5/ BRI A ik 28 23 7 I 155 0 A
0L TRAE 16 8 A 55 18 OB PR 455 7Y 21 R IE
XRS5 /N, o B RR R AR ST H /s BOBUIR 1Y
R ARG 48 G, U i R R BR — JF B, OCT i J5
BRGE R, AT RARALTT 1090 7, R 2 20 ~ 30 min;
T R 4% 22 R E [ 52 10 ming 20 O AR
@, A 3 min;37 CREF A A 1 h; PBS i
LW O KRG 5 min, PBS 58 73 ol %5 Vector
H-1000 & J7 50 2 A, B2l 25 G 3R T K B 2
PRIFHEBR 5 D2 BB T WA, I B i 41 O
B B AGLL A,

1.2.5 S 9O6E & PCR ORI/ BRI B IR 2H 21
TNF-o . PEDF PPARy ,ADFP mRNA X £ ik& T
ARG 16 J AT T 308 JBOBE PR o A5 Y ZH R IE K0S R 4 4%
6 JU/IN, 1 BERRBEIL AR AT , 25 B ARG, B IR s B L1
B2, W SR VR ) DR AF T —80 °C kAT o B M IR 4
U5 1 ml Trizol ZLAR W T 1E T, JZHCAH UL RNA,
Nano Drop 73 366 B2 AR I &L RNA 2 B2 R % &8 ) 30 %
F G B cDNA. 514 (3% 1) il id PubMed NCBI J& [N J2
TEZE BT, Primer Blast £5 28 42 X A W Bl 45 57 1%,
SR MER A R BRA R 5 . L eDNA Sy KAk
AR SR G149, 96 5E & PCR P14 4 H Ay 2L ()2
PR 25 wl) o RBLZ&AF 95 CHALE 10 min;95 C
A81E 10 5,60 CHB K K IEAH 1 min, 3L 40 NFIR, 37
WS HEAT R M 2 ar o LA B-actin N2, R
2R H S AR R Feak i

&1 PCR3|#F3

Table 1 PCR primer sequences

519 J#31(5-37)
ADFP 1E 1] : GACAGGATGGAGGAAAGACTGC

JZ 1] : GGTAGTCGTCACCACATCCTTC
TNF-« IE 3] : CTTGTTGCCTCCTCTTTTGCTTA

JZ 1] : CTTTATTTCTCTCAATGACCCGTAG
PPARy 1E A : ATGTCTCACAATGCCATCAGGTT

S i) : GCTCGCAGATCAGCAGACTCT
PEDF 1E 7] : GCAACCCTCGAGTAGACCTTCA

JZ 1] : AAATCCTGGAGGGTCGTCTTTC
B-actin 1E 7] : CATCCGTAAAGACCTCTATGCCAAC

JZ 1] : ATGGAGCCACCGATCCACA

i : PCR: R 4% XS B ; ADFP « Jg 26 70 fL HH 5C 26 1 5 TN - Jif i IR 3
P s PPAR « o (00 i (R 889 5 1 800 52 14 PEDF - 3% AT A T

Note: PCR: polymerase chain reaction; ADFP . adipose differentiation-

related protein; TNF: tumor necrosis factor; PPAR; peroxisome proliferators-

activated receptor; PEDF : pigment epithelium derived factor

L3 ik
RS SPSS 20,0 GEFF BRI T SE AT Tt
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YR B 25 Shapiro-Wilk 6 36 3iF 52 52 1F
B LA wes RoR AR 28 Levene
K5 J7 25 55 Pk o W DR s BT 4 ] 5 G

®2 BRFEINASFENRATENESNRERE MAEKTP LR (xs)
Table 2 Comparison of the body weight and blood glucose level at different

time points between two groups (xs)

Nl BB 21 A [F) B (] 1A R B A0 I OB (A ENELREIPEREN SN ) A [5) f J) 5 16 4% 7K SF- ( mmol /L)
_ 41 51 FEA

RIYA V=aN H=N N
AR AR A 45k 99 DA R0y 2 03 S 8 MG 16 4 WIS 8 JF xS 16
PRI A 70 2 45 BF [) A JEE 9 Ol 2R M e -

. N N 1E %o B 4 20 23.60+£0.43  24.30+0.25 6.19+1.36 6.20+1.35
Py ORI R R 22

IR 9 1S R 21 20 21.70+0.30  16.90+0. 15 31.15+5.31  27.1 +4.99

Or AT AL B BCR H Tukey #2800 2 4>

LI H Y Ik AR X R G822 R AR

VE ARTR N F = 94. 45, P<0. 05, Fyppy = 45. 02, P<0. 05. LB /K F: F g = 332. 4, P<

0.05, Fyppy = 107. 1,P<0. 05 ( T 42 900 & 5 R 2 7 22 43 7))

KRS FEAR ¢ K50, P<0.05 &5

AHIEE L
2 #R

2.1 2 /N DR

W DR R Y 26 4 T8 /0N BRUAT 5 4 DR i 5 B8 12 I
e, ULy 100% , Be A S Rk A rh, IE R BRZH /)
FRTCHE T, Bl b o 455 780 20 /)N L) % i AR v B H BT 5
H T 505 BB /N B 83. 3% IF 5 X HR 41 /) LA
o it R 5 B ) A2 7T 3 K 1 4 4 AR TR OKOF B
ERRREGH &5E, B HIRE UK R E ER Bk
RERLZH /N AT S R L AR i R B K 2 R R S, B A
R TCOE B H KR ROK R B BE B B
B AF AR BRI 2R 2] 2R AR E R T
AR, IMBE>16. 7 mmol/L(F£2) .

Note : Body weight:Fﬁgﬁ =94.45,P<0.05,F 5 =45.02,P<0.05. Blood glucose level: Fop =
332.4,P<0.05,Fy 5 =107.1,P<0.05 (Two-way repeated measures ANOVA)

2.2 2N R g (@

Hit PR 1 T 2 s S 4 Tl /0N RS RO T A M
BRI A OH O AV &8s 8 J4, /0 U A
Wb RHRE SO R A Je W s A 12 5, /N R
58 b B2 RLRE S B3 K, 9 e RN e 8 i A 16
J /N BROR R o b S R , 206 3R 40 3 e A ek 5 I
RS A2 I ) AT L Rz S8 B BT R AN
(K1),

R 71 JE 2 6 3R 40 e (0 3 73 B o, 0 i g AL L 2
/N BB A 8 DR 9 S I, A IR Ol 3R Bl e (0P oy T
o, AN TR IR TR 6 T G A L 8 22 S AT Gt e L (F =
27.155,P<0.05) (£ 3),

T 4

RS 8 Ji]

B 16 1

TR 12 4

A

TE % IR 2

PR AR

s - —

1 2AENMNRARIMERBERERMREILE  IE W X A W a8 A R 588 BRSO R A e s Wi IR S AL L 5 U5 4 5 M I
BB, RVOCR B T 8 J8, A EH A b BT WAy PO RN A e R 12 S5, R i Ko Sk B BT L IR Oy SR RN U R
16 JA] , F b B R THI AR R 4 e

Figure 1 Comparison of fluorescein sodium staining of mouse cornea at different time points between two groups The corneal epithelium was
intact,and no staining was observed at different time points in normal control group. In diabetes model group,the corneal epithelium was intact,and there was
no staining on the 4th week after modeling. Staining was observed in the peripheral epithelium of the cornea on the 8th week after modeling, in the peripheral

and central epithelium on the 12th week after modeling, almost throughout the corneal epithelium on the 16th week after modeling
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x3 HERFEEHANRFIEAHEAARELERNRE
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Table 3 Comparison of corneal fluorescein sodium staining

score in diabetes model group (xzs,score)

I ] S e 5 14y
LS 4 4 10 1.83+1.47
G 8 10 6.20+2. 86
TS 12 A 10 6.80+2.77
ARG 16 J4 10 13.50+2. 38
FAH 27.155

PE <0.05

T CF A0 B PR 35 22 40 #T)
Note : ( One-way repeated measures ANOVA)

2.3 2 A/NRIEHRUIRASUE A LA

TG 8 JA, IE NS M A RO PR g A58 28 2 /N B
Bl 8 S5 M IR A0 22 0 SRR 4 5 5 L) 16 JA]
TE B S BECZEL OB PR g 15 78 2 3 0 R, 22 Sy 3 9 440 i A
JLEAAN L, G e DR TR A B A i 2 2 3 A AR i
R, BB o3 2 M A AR R, A5 I 6 R A (5 9R , HE itR
AR WK T B A M A R HES 2L S A B AR
Y R, FE R HE A4 UL 2 (K 2) .

TF 5 % R4

B

B2 2ANHEMNRERIRARFEEENER(HE x400, 7R =20 wm)
TERLIG 8 JA, I R L5 DR A Y 2L B iR 2 U S 2 TR W
P, 53 BRI 22 S JiE UG AR B 5 SRS SE 16 JA], 43 Mk 10 22 Sy oL 2 4
0SS AL, T s 7R 2 A i A TR R, A Tk e G A R A A A B
AR A B R A R EE L A Sk PR A AR

Figure 2 Morphology of mouse meibomian glands in two groups
(HE %400, bar=20 um) Eight weeks after modeling, there was no
significant difference in the morphology of meibomian glands between
diabetes model group and normal control group, and most acinar cells were
basal cells. Sixteen weeks after modeling, most acinar cells were
transitional cells and mature cells with larger size and lightly stained
nuclei,and the duct wall was thinner with disordered epithelial cells in
diabetes model group compared with normal control group  Arrows

indicated nuclei

2.4 2 A UG Bl 2 ZRUIG: B 0 A1 15 0 LA
TG 16 J P 58 250 4 /N SRR ARl 2 4R R

P00 J U0 P 2 A 0 €0 P 2 B 5 I 0 IR AL AL /b B

JRIEHA N EAFL A GE (18 3) .

‘il,OOum.l

3 2ANANRERRE 16 BRRBARKRESHER LR
0 x100, 55 R =100 pm) A 1EH X AL Gt IR 4L g4t O %
P, RFA GGG BRI IR A A NG A
Figure 3  Lipid distribution of mouse meibomian glands at 16
weeks after modeling in two groups ( Oil red O X100,bar=100 pwm)
A ;A few acinar cells showed orangered in normal control group B:Most

acinar cells appeared orangered in diabetes model group

2.5 2 YL/ B BRI 41 41 TNF-o . PEDF  PPARYy .
ADFP mRNA 335 7KF b4

WAL 16 J5, O PR e 15 A 2 /N BUKG A AR 4 4R
TNF-o Fl PPARy mRNA A X} 5% K & W] i /& F 1F & %)
HEZH , PEDF mRNA #H X 3% 35 2 W] A T 1 5 0 B4,
ZERWA G E R L (¥ P<0.05) ;2 >4 [H] ADFP
mRNA X R IXHE LK, Z R LHEITEE X (1=
0.943,P=0.38)(F 4),

x4 2ANHENRIERT 16 B IRARH LK B TNF-o PEDF
PPARy % ADFP mRNA 8% %Kik 2 L8 (x+s)
Table 4 Comparison of the relative expression levels of
TNF-o, PEDF ,PPARy and ADFP mRNA in mouse meibomian

glands between two groups at 16 weeks after modeling (xzs)

21 3] AR TNF-o PEDF PPARy ADFP
TE 0 B AL 6 1.00£0.16  1.00£0.34 1.00%0.27 1.00%0.25
FEIRGREAL 6 3.3320.91  0.42£0.08 1.55%0.25 1.26x0.49
i 5.653 3.215 3.260 0.943
Pl <0.01 0.01 0.01 0.38

VR (JUSLREAS ¢ K23S)  TNF Mo RSEH 7 s PEDF . 8 5 b 2 117 A=
T s PPAR : 2o S A0y UK 389 51 0 380 52 14 s ADFP 2 IR 28 3 AH DG ZR

Note : ( Independent samples ¢ test) TNF:tumor necrosis factor; PEDF .
pigment epithelium-derived factor; PPAR: peroxisome proliferators activated

receptor; ADFP :adipose differentiation-related protein
3 itig

A5 2 e R 7 R T A AR, B A% I AR
AEA5 M0 3753 WA T HE RS I o 16 PR 2 A B TH A o )2 1Y)
HE A AR BN AR B E MR AR RS
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Ding %" 5% FiT 182 1 28 o0k S B 5% 69 A I8 A IR
b B AN, S IR B 2R R A AOR M A A A Y
W25 IR R A M8 T, RS R =
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5K 5 e Ah , 7E R A B DA B R 6 BE A 2 AT LR B R
R R, 0 H R RE S A8V A0 A R 1 L R T
JIR I ZH 2, 3 IR U ZE 4 5 IX AR AR 7R S AE S0 5 4 DR
i AU MGD 456, Baudouin %5 4 i MGD A fig A
H T G A5 4 2 e B i R AR, 0 T A A T A K T A
NG 5 TR 5, 5 B E I Vo Sullivan 2817 1o 0
B M R O G AR P R AN i i B, R W T RE T RS
M B A B R 285 104 728 Al LA B G Al i it 76 AL 40 i 1 1
FE , M0 A - K 20 M v i) T 2 A M PR T E 5 R E S
AN, 5| 7S I AR R R AE o ASWFFE M PR A B 2 £
FR7E ' 2R A g% £ 52 BHE B A I 2 2R P IR 5K B T
IR

SR TR PR 5 16 Al R 2H 2 5 TR T 110 56 2R B LA
AT o Yildiz S50 ik 4 BT 9 3K ke 2 R P R
o /I B P B 2 2 35 R 2 3k 3% e B, O T N R A AH
RILPITE 2 BUBE PR I B I 2H 2R b 3k Bl ABESE
S5 R s, BE R A BN B Al i 2 2 TNF-a
mRNA FHXS ik 5 W TH &, 20 A T RE 2 il T e I B
S0 A O 5 AR L W R B Ak R 7 W) (advanced
glycation end products, AGEs) . & H % f# C ( protein
kinase C,PKC) i1 55, S BURAEA Buidi 1k, 5 5 A fk
o7 8 A, M g8 A A0 BT A Y IR, A
LA ST 7 G AR 2H 2 B A0 T A0 L R E S
AN, TNF-o 335 B2 T o

Yoshida 2% 3 3 #F 58 AGEs % 8 [ Hep3B 4
Ji, % B PEDF REf2 P35 FLIHe & S 4K 9T, 32t PEDF &5

AGEs H A MMk, REASFH T INK 1B 3§ i1 IRS-1
22 R WEER AL, DT 30 ] 35 PR R C RO B R A
A BB A AE P AL BV o A S5 o R /D
BRUIG AR I L4 rp PEDF 3 3k 5 W 8 R A%, 23 47 77 A 2
DRI Sy 75 25 IR A0 38 6 A R 201 4077 A A R, 2141
P PEDF j@ & 25 430 . A 43 Wb 55 7 R HEPT &% LA
T PR TR G, 530 PEDF 8202 o [RGB X
JRIAR S MGD [, 44 FHL 416 7 8 PEDF b 383497
EEAEEEE XN

PPARy B 1IF S22 /N BB IR A AL 1 AR 5 4, &
5T AR R T AR . AE W 5 MGD T REW K
PPARy 1555 5 1y e 25 1/ 5 - 40 g 56037 0 32 2, A
T S0 96 25 4 A R P BT FE KR B = T
M rf, PPAR~y 3 3l ) ot 4% 5 B 7T 38 3 90 41 30 I o
IL-1B 5 57 25 i — %Ak & ( nitric oxide ,NO) , 5 1H
JI 4 T K5 3 00 S R R TH B AR R P, HE D PPARy 3830 7
XTI AR W R BT I AR 0% 5R B T M A T 1
FA S R4 % MRL lpr - HRAE /N BLUEAT R 1R
WEE A% 51 i 5 000 5 T PG & B, TH IR 4 41 PPARy £
W5 E SRR T AR TR U ) i WL B 3H IR e %
TR IR A, T IR Bl A R A R 3 R B A5 ) ik
%o DL EBFTE IR, PP ARy 3450 9 75 4 35 1H 158 K
JZ IR E P R TEAE o AN SE IR 45 SRt R A R A
/N GG B2 P9 PPARy mRNA [ 35 W & |3,
[ i} W0 2 ] ADFP mRNA ik A F I %, Kim
AUV R ST W, PPARy % 30 0 % 4 51 L 9 R G S
PRI 2k, S A I BB b R 2 L v S AR

5 LR R AT 0 SRR B 4 U 2
K ¥ TNF-a il PPARy ik & B i 7} & , PEDF £k i
R AT, TG MR A 4 2P0 T A B R O, HE T 38 2 2 R
bR A HES KL, AT AT BE AR S YR, B
45 G £ A LA 22 s G IR AR, R REIE W HE
L3278 B A1 TNF-o , PEDF  PPARy 7] A 2 5 4 J
75 MGD R0
ElF= AL e R (el X e E R ULES
EEREKAER A0SR .2 5L 8 T CRERR RS X
TR AR . S 5 LRI R ERE B0 S 5 R,
X SCE B AT NS AR LT R

&%k

[1] Negi A,Vernon SA. An overview of the eye in diabetes[ J].J R Soc
Med,2003,96(6) :266-272. DOT:10. 1258/jrsm. 96. 6. 266.

[2] De Freitas GR, Ferraz G, Gehlen M, et al. Dry eyes in patients with
diabetes mellitus[ J ]. Prim Care Diabetes, 2021, 15( 1) : 184 - 186.
DOI.10. 1016/j. ped. 2020.01. 011.

[3] 4, XIHLE. W T RE & T IR LR AR [J]. oA sr 50 iR Rl 2%
i, 2020, 38 (10) : 871 — 876. DOI; 10. 3760/cma. j. cn115989-



- 826 - HAESZIR IR R Ak 2022 4F 9 H %5 40 %5 9 4] Chin J Exp Ophthalmol, September 2022, Vol. 40,No. 9

20200828-00614.

Wang H, Liu ZG. Dry eye consensus by Asian Dry Eye Society:
interpretation[ J]. Chin J Exp Ophthalmol,2020,38(10) : 871-876.
DOI:10. 3760/ cma. j. cn115989-20200828-00614.

[4] Viso E, Rodriguez-Ares MT, Abelenda D, et al. Prevalence of
asymptomatic and symptomatic meibomian gland dysfunction in the
general population of Spain [ J]. Invest Ophthalmol Vis Sci, 2012,
53(6) :2601-2606. DOI:10. 1167/iovs. 11-9228.

[5] Wu H,Fang X,Luo S,et al. Meibomian glands and tear film findings in
type 2 diabetic patients; a cross-sectional study [ J/OL]. Front Med
(Lausanne) ,2022,9:762493[ 2021-08-16 ] . https://pubmed. nchi.
nlm. nih. gov/35479935/. DOI:10. 3389/fmed. 2022. 762493.

[6] Liu R,Ma B, Gao Y, et al. Tear inflammatory cytokines analysis and
clinical correlations in diabetes and nondiabetes with dry eye[ J]. Am J
Ophthalmol ,2019,200: 10—15. DOI: 10. 1016/j. ajo. 2018. 12. 001.

[7] Zhang C,Xi L,Zhao S, et al. Interleukin-1@ and tumour necrosis factor-
a levels in conjunctiva of diabetic patients with symptomatic moderate
dry eye : case-control study[ J/OL]. BMJ Open,2016,6(8) : e010979
[2021-08-18]. http://www. nchi. nlm. nih. gov/pubmed/27489152.
DOI:10. 1136/bmjopen-2015-010979.

[8] Sagheer U, Gong J, Chung C. Pigment epithelium-derived factor
(PEDF) is a determinant of stem cell fate:lessons from an ultra-rare
disease[ J].J Dev Biol ,2015,3(4) : 112-128. DOI; 10. 3390/jdb304
0112.

[9] Corrales P, Izquierdo-Lahuerta A, Medina-Goémez G. Maintenance of
kidney metabolic homeostasis by PPAR gammal J/OL]. Int J Mol Sci,
2018,19(7) :2063[ 2021-08-18]. http://www. ncbi. nlm. nih. gov/
pubmed/30012954. DOI: 10. 3390/ijms19072063.

[10]Jester JV, Potma E, Brown DJ. PPAR+y regulates mouse meibocyte
differentiation and lipid synthesis [ J ]. Ocul Surf, 2016, 14 (4) :
484-494. DOI:10. 1016/]. jtos. 2016. 08. 001.

[11]Pauly A, Brignole-Baudouin F, Labbé A, et al. New tools for the
evaluation of toxic ocular surface changes in the rat [ J]. Invest
Ophthalmol Vis Sci,2007,48(12) : 5473 -5483. DOI.10. 1167/iovs.
06-0728.

[12]Dursch TJ, Li W, Taraz B, et al. Tear-film evaporation rate from
simultaneous ocular-surface temperature and tear-breakup area [ J].
Optom Vis Seci,2018,95(1) : 5-12. DOI.10. 1097/0PX. 0000000000
001156.

[13]Bai Y,Ngo W, Khanal S, et al. Human precorneal tear film and lipid
layer dynamics in meibomian gland dysfunction[ J]. Ocul Surf, 2021,
21:250-256. DOI.10. 1016/j. jtos. 2021. 03. 006.

[ 14]Briindl M, Garreis F, Schicht M, et al. Characterization of the
innervation of the meibomian glands in humans,rats and mice[ J/OL].
Ann Anat,2021,233:151609[ 2021-09-01]. https://pubmed. ncbi.
nlm. nih. gov/33027687/DO0I:10. 1016/j. aanat. 2020. 151609.

[ 15] Arita R, Fukuoka S, Morishige N. New insights into the lipid layer of
the tear film and meibomian glands [ J]. Eye Contact Lens, 2017,
43(6) :335-339. DOI.10. 1097/ICL. 0000000000000369.

[ 16]Sullivan DA, Sullivan BD, Ullman MD, et al. Androgen influence on the
meibomian gland [ J ]. Invest Ophthalmol Vis Sci, 2000, 41 ( 12) :
3732-3742.

[ 17]Sullivan BD,Evans JE, Dana MR, et al. Impact of androgen deficiency
on the lipid profiles in human meibomian gland secretions[ J]. Adv Exp
Med Biol,2002,506 ( Pt A) : 449 -458. DOI. 10. 1007/978-1-4615-
0717-8_63.

[ 18] Derakhshan A, Abrishami M, Khajedaluee M , et al. Comparison between
tear film osmolar cocentration and other tear film function parameters in
patients with diabetes mellitus[ J]. Korean J Ophthalmol ,2019,33(4) :
326-332. DOI: 10. 3341/kjo. 2013. 0146.

[19]Ding J,Liu Y, Sullivan DA. Effects of insulin and high glucose on
human meibomian gland epithelial cells[ J]. Invest Ophthalmol Vis Sci,
2015,56(13) :7814-7820. DOI:10. 1167/iovs. 15-18049.

[20]Yu T, Shi WY,Song AP, et al. Changes of meibomian glands in patients
with type 2 diabetes mellitus [ J]. Int J Ophthalmol, 2016,9 (12) :
1740-1744. DOI.10. 18240/1jo. 2016. 12. 06.

[21]Baudouin C, Messmer EM, Aragona P, et al. Revisiting the vicious
circle of dry eye disease:a focus on the pathophysiology of meibomian
gland dysfunction [ J]. Br J Ophthalmol, 2016, 100 (3) : 300 - 306.
DOI.10. 1136/bjophthalmol-2015-307415.

[22]1Yildiz E,Zibandeh N,Ozer B, et al. Effects of type 2 diabetes mellitus
on gene expressions of mouse meibomian glands [ J]. Curr Eye Res,
2020,45(1) : 72-80. DOI:10. 1080/02713683. 2019. 1656750.

[23]Berbudi A,Rahmadika N, Tjahjadi AI, et al. Type 2 diabetes and its
impact on the immune system [ J]. Curr Diabetes Rev,2020,16(5) :
442-449.DOI:10. 2174/1573399815666191024085838.

[24]Rendra E, Riabov V,Mossel DM, et al. Reactive oxygen species ( ROS)
in macrophage activation and function in diabetes[ J ]. Immunobiology,
2019,224(2) :242-253. DOI;10. 1016/j. imbio. 2018. 11. 010.

[25]Yoshida T, Yamagishi S, Nakamura K, et al. Pigment epithelium-
derived factor ( PEDF ) ameliorates advanced glycation end product
(AGE) -induced hepatic insulin resistance in vitro by suppressing Rac-
1 activation[ J]. Horm Metab Res,2008,40(9) : 620-625. DOI: 10.
1055/5-0028-1083785.

[26]Ogata N, Matsuoka M, Imaizumi M, et al. Decrease of pigment
epithelium-derived factor in aqueous humor with increasing age[ J]. Am
J Ophthalmol, 2004, 137 (5) : 935-936. DOI: 10. 1016/]. ajo. 2003.
08. 058.

[27]Nien CJ, Paugh JR, Massei S, et al. Age-related changes in the
meibomian gland[ J]. Exp Eye Res,2009,89(6) : 1021-1027. DOI.
10. 1016/j. exer. 2009. 08. 013.

[ 28] Beauregard C, Brandt PC. Peroxisome proliferator-activated receptor
agonists inhibit interleukin-13-mediated nitric oxide production in
cultured lacrimal gland acinar cells[ J].J Ocul Pharmacol Ther,2003,
19(6) :579-587. DOI.10. 1089/108076803322660495.

[29] X5, BE BN , bR 22 0 , 25 PPARy JiC A 35 19 it 4% 57 i XF MRL/Ipr

NBTH B 48 HE T TR BIF 5T [ 0], TR 3% R 4% 2% i s B8 2 WL, 2013,
34(1) :8-12.DOI.10.3969/j. issn1008-0392. 2013. 01. 002.
Liu Y,Sheng MJ, Lin AJ, et al. Effect of hydrochloride pioglitazone on
inflammation of lacrimal gland in MRL/Ipr mice [ J]. J Tongji Univ
(Med Sci),2013,34 (1) : 8-12. DOI; 10. 3969/j. issn1008-0392.
2013.01.002.

[30]Kim SW, Xie Y, Nguyen PQ, et al. PPARy regulates meibocyte
differentiation and lipid synthesis of cultured human meibomian gland
epithelial cells (hMGEC) [ J]. Ocul Surf, 2018, 16 (4) : 463 - 469.
DOI.10. 1016/j. jtos. 2018. 07. 004.

(Wicki B 1:2022-01-26 {65 [ H 9] :2022-08-09)
(AR SCHn 5T BKiF)

BEE - AEE - R

IAB AT 58 € H 4 SL 36 AR 7 2 750

A SR IR B 2% 350 D [ B I8 SCEE IR RN b [l o SOA% 0 3 ) R 2 5 | SCROHE 2 (CSCD) %0 1 I, A 1)L 96 T,
A 10 H R, fHE AN 26 J6, MR AT :36-13, 6 W AR TF 4 AT, Wl 3 45 M M6 5 07 B8] 58 B4 5 A FI i BRI R 0TI, BRARH

15 :0371-87160872,

(A T i 413





