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Abstract

e AIM.: To detect the expression levels of long non -
coding RNA (IncRNA) X - inactive specific transcript
(XIST) and silencing information regulatory factor 2
associated enzyme 1 (SIRT1) in serum of patients with
type 2 diabetes mellitus (T2DM), and to explore their
correlation with diabetic retinopathy ( DR) and their
diagnostic value.

e METHODS . Prospective study. A total of 214 patients
with T2DM admitted to our hospital from January 2022 to
February 2023 were selected as the research subjects.
Based on whether retinopathy occurred, they were
divided into 126 cases (126 eyes) in the non- DR group
and 88 cases (88 eyes) in the DR group. An additional 130
healthy individuals who underwent a physical examination
during the same period were selected as the control
group. The serum levels of IncRNA XIST and SIRT1 in the
three groups were measured and compared. The
relationship between IncRNA XIST and SIRT1 expression
with DR was analyzed using Pearson’ s method. The
receiver operating characteristic (ROC) curve was used to
evaluate the predictive value of serum IncRNA XIST,
SIRT1, and their combination for DR. Multivariate Logistic
regression analysis was performed to investigate the
factors affecting the occurrence of DR in T2DM patients.

¢ RESULTS: Compared with the control group, the levels
of serum IncRNA XIST and SIRT1 in the non-DR group
and DR group were successively decreased (all P<0.05).
The levels of serum IncRNA XIST and SIRT1 were
positively correlated in DR patients (r=0.639, P<0.05).
ROC analysis showed that the area under the curve
(AUC) for predicting DR by combining serum IncRNA
XIST and SIRT1 was 0.940, which was higher than the
AUC by serum IncRNA XIST and SIRT1 alone (0.855,
0.875). Logistic regression analysis showed that IncRNA
XIST (OR=0.752) and SIRT1 ( OR=0.694) were influencing
factors for the occurrence of DR (both P<0.01).

¢ CONCLUSION: The serum levels of IncRNA XIST and
SIRT1 are both lower in DR patients, and the combination
of IncRNA XIST and SIRT1 has a better assessment
capacity for the occurrence of DR.

* KEYWORDS: : long non-coding RNA (IncRNA) X-inactive
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(X inactive specific transcript, XIST) TEN Xql3.2 k& EP=2
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information regulatory factor 2 associated enzyme 1,SIRT1) AJ
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01/2023-02 A Bt (A5 fe B 130 {51 0 X R4, 49 A br
M (1) F54 T2DM 2R ifE™ DR F78 454 T2DM [ #
DR Wik 5 (2) =18 % (3) A4LEIJE DR RY7 4L
(4) BEFNIH BB FE L (5) WEZIRIRR A, HEFR
PRl (1) F RSO 55 | A MBS A | 4 20 MBS A AL i 28 00 5
(2) JERVESSHL 5 (3) Mg S8 3 5 (4) H A 52 me AR £ i
PRI 5 (5) e PR ; (6) BRAEIR OGRS 5 (7) &I
DM =15 Bk . DM e iR h g . ASHIESE O i B2 B 48 2R

BUos At

1.2 Fik
121 GRFRE AR OIRS, T3 A
W B T 35 0 (body mass index, BMI) i 45 H | &F 5K
JE EEAEEESE T2DM e, X REZH A2 1AK% dF DR 41
5 DRAHEAH G RESEHIK M (CRHZ) , X208
BSR4 A s AR T ( AUS800 Y ) K H it £ 357 46

W5 [ 1L B¥ ( fasting blood glucose, FBG) | & JHZT 2 ( total
bilirubin, TBIL) , = Bt H ¥ ( triacylglycerol , TG ) , PN % & %
FLHE FL B (alanine aminotransferase, ALT) | Ifil. JR 2 ( blood
uric acid, SUA) | Ik % B B8 25 M — 1B [& B% (low density
lipoprotein — cholesterol , LDL—C) it LI ( serum creatinine ,
Ser) . KA AR A 3Ll ( aspartate aminotransferase,
AST) JRZ % (urea nitrogen, BUN) | /= % & i 25 (1 — A0 [&]
% (high—density lipoprotein — cholesterol , HDL-C) . & JIH [
I ( total cholesterol, TC) #E % C Jz i 2 I ( hypersensitive
C-reactive protein, hs—CRP) ;K F Bk I 41 25 FH X ( HLC -
723G8 AU ) K I #% Ak 1M £1 5 1 ( glycosylated hemoglobin,
HbAlc) ,
1.2.2 7 INcRNA XIST # SIRT1 KR iXKFERW K
A IEAMR M, = WSO (AR 8 em) 10 min J5, 3875 1L
i WAFAE =80 CHEE T HFI, R Trizol 357 & (575
CWO0582) 2 HUIML T/ 1.5 RNA B RNA F o Hsi 4% S 4 1l
cDNA (1375 :CW2020) , K 3K1F % cDNA $% 8 TB Green ®
Fast qPCR Mix( %5 : RR430) Ui B , 778t %E # PCR 1Y
(%15 ; QuantStudio 3) #FT qRT-PCR Fik /¥, P 1
J¥:95 °C 30 5595 °C 55,60 C 10 5,40 MG, 5415751
L3 1,IncRNA XIST DA GAPDH 1E AN Z, R 272
IIHT IncRNA XIST AR ek B, SR 1B 4 0 I R
R MR SIRT1 7K 3K & 5854 Z2Y3785EH-96T
1.2.3 538 ARKHE IR S AG A (IR 20 A 1 s A A ) &5
HEOARE DR & BB 88 ] DR AR 43 R AR A 1
DR(NPDR) #H 52 4] 52 HR  #4 4 : DR ( PDR) 41 36 4l
36 HR

it o Bt R Ge i 2 8 F SPSS 25.0 #4743 4T
THEFRILA n (%) R, R XK S TH i BERER I x5
PR L 8] PR M ST REAS ¢ K g, = A) B
one—way ANOVA #;5; | FF— 5P L B8R FH SNK—q #6555
KA % i # T AE B {iF (receiver operating characteristic,
ROC) HZE3F- M7 1L 7 IncRNA XIST  SIRT1 B gt K BE 4 %f
DR A TN A1, Z 4650 oA s R 3563 T80 =2 [ ) 22 ¢ 5
Z[H#E Logistic [MH- 520 T2DM H#4 & 4= DR AY1G K
A% ; Pearson 1543477 IncRNA XIST Al SIRT1 Eik LR ;
P<0.05 A G FE L,
2HR
21 ZAIGKRFRIELE XS RAH JE DR 44 DR 24 =4 [H]
PRSI A BMI IR S ARG s i Hs s i W
JE £FiKH SUA  TC . BUN  hs—CRP  AST ,ALT [L4%, 22 5%
TGeiH2# R (¥ P>0.05) . A DR 41 DR 41 TBIL  Scr,
FBG .HbAlc TG LDL-C HDL-C 55 T X} B4H, DR 4
HbAlc LDL-C T2DM #i 5 T-4F DR 41, % 547 55 1 2%
B (3 P<0.05) s X REZ 4FE DR 411 DR 41175 IncRNA
XIST SIRT1 7K-F-Z K AL (34 P<0.01) , W3k 2,

x1 sl¥9F5
512 B P 3]
IncRNA XIST 1E M :5-CTCTCCATTGGGTTCAC-3
JZ 1] :5°~GCGGCAGGTCTTAAGAGATGAG-3
1E 1] :5°~GCACCGTCAAGGCTGAGAAC-3’
21 : 5" ~TGGTGAAGACGCCAGTGGA -3

GAPDH
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Il R BEAL X RE AL 4k DR 41 DR 41 t/ F/X* P

PN (B2, i) 74/56 65/61 42/46 1.864 0.394
AR (X£S ) 51.35£6.72 52.76+7.04 53.19+6.85 2.258 0.106
BMI(X£S,kg/m”) 23.71+2.58 24.09+2.69 24.25+3.08 1.146 0.319
W AR 2 (5], % ) 36(27.7) 32(25.4) 21(23.9) 0.425 0.809
R S (B, %) 21(16.2) 17(13.5) 10(11.4) 1.038 0.595
T2DM R FE(a) - 6.93£2.66 9.87+2.84° 7.737 <0.001
R L (], % ) 35(26.9) 37(29.4) 16(18.2) 2.798 0.247
1 MLABAE (B, % ) 26(20.0) 20(15.9) 14(15.9) 0.950 0.622
W45 (X %S, mmHg) 110.73+11.49 112.47+10.56 113.33+12.12 1.531 0.218
FPBKIE (X £S , mmHg) 75.866.02 77.29+7.14 76.85+7.40 1.469 0.232
SUA (XS, umol/L) 270.51+31.44 273.06+43.51 280.41+37.69 1.856 0.158
TBIL(X %S , pmol/L) 10.29+2.18 12.73+2.06" 11.82+2.15° 42.803 <0.001
Ser(X %S, pmol/L) 60.94+7.64 65.18+8.52" 66.96+7.08" 17.594 <0.001
FBG(X=£S ,mmol/L) 4.36+0.55 8.29+0.72° 8.42+0.79" 1384.698 <0.001
HbAlc(X%£S,%) 4.67+0.61 10.15+1.17° 10.80+1.26"° 1285.406 <0.001
TC(X%S, mmol/1.) 4.39+0.76 4.51%0.69 4.56=0.83 1.518 0.221
TG(X%S, mmol/L) 1.32+0.30 1.79+0.20° 1.83+0.34" 122.884 <0.001
LDL-C(X=%S ,mmol/L) 1.98+0.35 2.20+0.39" 2.66+£0.52"° 71.609 <0.001
HDL-C(X%S ,mmol/L) 1.40+0.41 2.34£0.52° 2.40£0.55" 157.251 <0.001
BUN(X%£S , mmol/L) 4.96+1.02 5.20+1.29 5.31+1.18 2.652 0.072
hs—CRP (X %S, mg/L) 2.08+0.59 2.3620.67 2.09+0.66 2.094 0.125
AST(X%s,U/L) 20.83%5.12 21.61+4.92 22.03+5.24 1.600 0.203
ALT(X%S,U/L) 22.71+6.58 23.26+7.25 23.60+6.96 0.463 0.630
IncRNA XIST(X=s) 1.00£0.11 0.79+0.24" 0.50+0.13" 218.718 <0.001
SIRT1 (X %S, ng/mL) 9.12+0.87 5.64+0.72" 4.38+0.55"" 1242.006 <0.001

% IR R A AS {2 . P<0.05 vs X B4 ;°P<0.05 »s IE DR 41,

2.2 NPDR #4270 PDR £ Imi% IncRNA XIST #1 SIRT1
KELRE  AFAEE DR B4 il IncRNA XIST SIRTI
JKEH A s PDR 2H 5234 17 IncRNA XIST SIRT1 ik
KB EAGT NPDR 4, 2 9 A Fit2 5 L (35 P<0.01)
W3,
2.3 & IncRNA XIST #1 SIRT1 /K FEIME XM Pearson
AAXNE AT &R, DR B35 I3 IncRNA XIST Fil SIRT1 /K
SEELEA S (r=0.639,P<0.05,K 1)
2.4 Mm% IncRNA XIST % SIRT1 %t DR % 4 &Y il 4y (&
ROC Z5 5 7R, 113 IncRNA XIST AR F DR 9 #h &
T (area under the curve, AUC) & 0.855(95% CI.
0.804-0.905) , BUBSE 475 B2 530 R 76.10% ,84.90% , 1,
Wit & 0.58; SIRT1 ¥4 1 DR #5 AUC & 0.875(95%
CI:0.827-0.922), IR & 45 5 % 4> 5 4 81.80%,
85.70% , BRMI 4 4.97 ng/mL; -4 T DR #9 AUC
4 0.940 (95% CI:0.909-0.970) , HUR B 45 5 43 N
90.90% .83.30% , Wi & Bk A Hil 1) AUC 2% KT IncRNA
XIST BB (%) AUC( Z=3.527,P<0.001) &% SIRT1 Fj
WA AUC(Z=3.113,P=0.002) , W& 2.
2.5 T2DM &% 4% DR K% B =& Logistic BIIAH# L)
DR EZAENHAAER(E=1,%=0),% HbAlc,LDL-C,
T2DM J% #2 . IncRNA XIST . SIRT1 & H 28 & ( ¥ 52 ]
) , 28 A Logistic [ H A Y | i 3 20 ] 1if 32 0 % [ A8
455 78, LDL-C  HbAlc \T2DM i #2 . IncRNA XIST,
SIRT1 J& DR &EMs2m F 2 (¥ P<0.01) , W3 4,
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% 3 NPDR 4% PDR £H £ % IncRNA XIST #0 SIRT1

IKFE L& x+s
25 %k IncRNA XIST SIRT1( ng/mL)
NPDR 4 52 0.58+0.15 4.81+0.60
PDR 4 36 0.38+0.10 3.76+0.48
t 6.990 8.737
P <0.001 <0.001

5.50 N
5.00 Y T : e
. . . : Y oe® .
E‘ 4.50 t.os Jae
o oo " ” o . . . .
§ 4.00 ™ -— e . K . .
- . * .
[hq -
» 3.50 .
3.00] :
2.50
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IncRNA XIST
A 1 & IncRNA XIST #0 SIRT1 7K E R4 &

3 1tig

DR J& DM f8—7Fftj™ B AR S PR M 22 L 0 R, FUAR
AU PR PR A T ML e 28 A, e ¢ 5 B
T E R RN B DR RN, B
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F4 T2DM E#E %% DR #Z FE % Logistic )53 47

PSES B SE Wald P OR 95%Cl
LDL-C 0.512 0.173 8.766 0.003 1.669 1.189-2.343
HbAlc 0.710 0.229 9.626 0.002 2.035 1.299-3.187
T2DM J5 2 1.189 0.305 15.222 <0.001 3.287 1.807-5.976
IncRNA XIST -0.285 0.074 14.835 <0.001 0.752 0.650-0.869
SIRT1 -0.365 0.087 17.629 <0.001 0.694 0.585-0.823
1.0 ‘ — I3 IneRNA XIST %§ DR 4 — & Bl 41 B, IncRNA XIST
7 AT REA l DR ISWEAITATT IOHE A . A ik — 4R 5T IncRNA
o8 /7 N XIST 5 DR 136 R AT T 2 08 5 B 5 47, 25 5L
—SIRTI IncRNA XIST fli/K-F-72 DR &A= (@ IR 3R, 2 B Bl 4 i
£06 i i# IncRNA XIST /K P B A%, T2DM J# DR % A KUK i 22
ki ThiEs D IncRNA XIST A Al 5 iek 88 ) B O 36 DA A 2 3%
04f | SO W AT AN S R E R A 52 R DR R R
| R,
o.zlﬂ| SIRT1 AJ LAIE i) o £ ] 915 056 A (g ikt i 3%
| i5 SIRT1 Al 38 o 410 i 4% R 45 5 5 SRAL 25 A0 Sl ke 32 4 3
0.0 ( Nucleotide — bound oligomerized domain — like receptor 3,

0.0 0.2 0.4 0.6 0.8 1.0
145 53
2 % IncRNA XIST.SIRT1 Hiilll DR # ROC #i%,

J 3z IR O A S A LR Y R R
Wi EE AR S AR AT AR, A, H
T DR 25 9 45 b 9 2 55 T I PR A A (5 HH 4% Fhaz Iy 1.
By F AR A %) A= A0 R0 2 R e e 1 7 51 T 1 A5 728 1) e
NG PRARAE (4t B2 DR 2 3 8 o A1 i A A 7
TP i T L 2 OCEE 2 i b A T L mT LUK R kA=
e AR BH 52 400 P9 3 A LA 5 ) i 8 3 19 B 0 8 S A 3R
iging

Li 255 BF9E & 90 IncRNA XIST AJ L3l 3+ #5453 b miR -
130a—3p MHI ZAREEE RS 2( ALK2) (9835, FFIEBEE S B
YRR 2R A T2DM [ & A R R 1% T RE SRR IT
T2DM )7 %05 W, = B S i B I (o & b
(ARPE-19) ZH it IncRNA XIST £ T #1335, 1 IncRNA
XIST 0] LA ISt DR v i b A SC 05 i 4 9, HL
IncRNA XIST 7 DPN H SR kM | ARBF 58 B, %t A8
20 AFE DR 41 DR 41 IfiL 7 IncRNA XIST 7K 4K % F &,
Wang 25 WF 5T & I AE 4l T2DM 20 DPN 2 Fixf B4 22
], IncRNA XIST K3k /K77 78 i 35 22 5, 4 D HG 1L 3 7K
SR REA BY T DPN A1l R 12 Wi fIG 7, Zhang %517 4 57
DR /]y BB A I 46 11 IncRNA XIST #9335, 45 B & ¥
IncRNA XIST REREHH] DR 19k J& , UL 45 R 5 AR5
ZE AL, 4275 IncRNA XIST 7K A [ AT BE 55 DR 1 %
ARG AT G, TR (1) 33 351 IncRNA
XIST AT L3 2k 3900 ) o A 75 3 A 40 P B Miller 4400 AE 119 905 16
e AR AN A T = A7) (2) IneRNA - XIST A] LA Ji /b
ROS FVE AL K-, f2 500 0 IS 200 At 34 4, M TfT BHL1E DR
RS ARBFST A % B, PDR 4158 % IS IncRNA XIST
JKSEAK T NPDR 40, 275 IncRNA XIST A] ig 5 DR %1% ™
FRRBEAT G, HOKF AL, BRI E, ROC 4541 2
7R, ML IncRNA XIST Bl i DR ) AUC A 0.855 , #2/R

NLRP3) RAE 75 5 19 00 0 JI5E €2 38 | J7 200 B 98 6E )2 o, 17
SIRT 3435 391 ik 5 306 % /=5 A1 40 % (HG ) 5 3 19 NLRP3 %
RE/IMATE L R4 AL T . ARBFSE DR 41 R I T
SIRTI X334, H. PDR 41134 SIRT1 /KX F NPDR 41,
SIS — 5, W SIRTL 5 DR M &4 R RA X,
Zeng 2" % B SIRT1 5 DR ik E# VA, 76 DR & & 1
A B A S 10 DR AR | SIRT1 E A BRIk, Wang
OV DM KRR B S o STRTT /% F 14, SIRT1 #]
D REARG DML A B4 408 PO 68 i 5 308 378 14 11 JC 200 b 6 4 o
T A0 P (1 i B el A | 5 AT o LA AR B X T fE
SIRT1 i 35 ¥8 35 & # 5% [H F - kB ( Nuclear transcription
factor—«kB, NF—«B) i 25 Z AL R A ] NF—«B , D15 417 1
5 DR MM R AE RV A 5%, H SIRT1 7] LLE P8 15 p53 .
Bax o H At A 200 1) 08 0 S 4 g R 20 IR STRT'1 I 3%
KIS DR AR 7 7 AR B T, i — 20 ROC 2k 9,
SIRT1 T DR A9 AUC 2N 0.875, 85U & 81.80% , X i}
WEI SIRT1 7K 7] F F I IR DR R 4B iz, £ A
% Logistic [ 745 5 7R SIRTI /K F & T2DM & &
4 DR G, #E78 T2DM B L7 SIRT1 7K S R A]
fR3E DR KA LR 4y Hr LR s SIRT1 Al i i 414K |
PRI B AT A0 B 5 S5 R 4R, X DR FRE Y A I I
P2 e R AR AP VE T T SIRT1 7K PR AR I n
FALRIE el DR &, BA LR TEST, IUHE A 4 i
A SIRT sk 5% v 4375 5 10 A AL IR0 JEE A 1L 5 PN B2 40 e
(hRMECs ) 1 000 I 380 A0 9 0 I N, 2% A DR K BRI i
B,

IncRNA XIST .SIRT1 7E DPN /N BRUE 78 vh 355K 52 S 411
i, IncRNA XIST i i3 miR-30d-5p/SIRT1 #1555 [ Wk
J 55 DPN #E > A3 2 UESL, IncRNA XIST 3l i [
i SIRT1 vz =4k, 3 /in SIRT1 75 [ 22 3530 R 5E 7K F | iF
MZ5 DR R AW A M4 R, DR B I
7% IncRNA XIST 5 SIRT1 /K F 2 FEA ¢, 5 R R E 4
£, UL IncRNA XIST 7] fig i i miRNA/SIRT!1 i, 5 1 3%
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A4 SIRT1 FaE k215 DR KRR, A m A —8hn
UL , AW RE— LT IncRNA XIST SIRT1 BK5
W DR & A5 B, Ho AUC 2 0.940, H U8 B fe iy 35
90.90% , #2/R IfiL 74 IncRNA XIST SIRT1 B4 7] B S A B T
I R L9 F0000 DR % A= 175 0L

25 [k DR BB LT IncRNA XIST SIRT1 7K -3
WA, /2 DR R A RS2 I PRI 3R IncRNA XIST 143 SIRT1 X
DR KA A B B PEAG ZCRE, T RE A B T il R 540
DR, ARARA T Y KAEA R B2 1 73 A7 IncRNA XIST
SIRT1 Xf T2DM % DR A& I BN (i LA S — 5 5
5 DR g BALE] A B Tl K DR S FLGH A LK S $E 1)
GHIg ST
SE 3k
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