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2 KU bR B S I p NETs b588 ¢fDNA, CitH3 fiI
MPO-DNA 3% 7K F-15 #  J15E 9 28 T4t B A PR 5%
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W OE. BE &2 AHEESS (type 2 diabetes mellitus, T2DM ) & o 3¢ WP PE4s 20 98 F4 B ( neutrophil extracellular
traps, NETs) #% & # & 2% i# % DNA (circulating free DNA, c¢fDNA) | 44 i & 4L 4 B ( myeloperoxidase, MPO ) -
DNA. KA ALL%E H 3 (citrullinated histone 3, CitH3 ) &k K-F 5K BoR TR K M, ik %2023 1~9
A AR KFE — B ER 80 #] T2DM &4 AR AT %, 4R35 T2DM & %40 M s 1 004 A T A fm AL A B &
(non-diabetic retinopathy, NDR) 28 (7=30) . 3F3§ £ A ¥z KR AL M % X (nonproliferative diabetic retinopathy, NPDR)
20 (n=26) Fedf & A ¥ R IHALM BES% K (proliferative diabetic retinopathy, PDR) 28 (n=24) . MIENE & FH — M THF, ¥
Al f2 . cfDNA, MPO-DNA A CitH3 7K -F; XA Spearman A48 3 £ 2 #7 ¢fDNA, CitH3, MPO-DNA 5 T2DM & % #L R
JEgm T B AR A% R ROC W& 947 ¢fDNA, CitH3, MPO-DNA & BEA-FAM T2DM & & 4 kR AL 5% % ( diabetic
retinopathy, DR ) & A 93 ft. 58 NDR 21, NPDR #L4= PDR 41 cfDNA(65.13 + 18.28, 83.34+20.10,114.52+32.36
ng/ml), CitH3(17.76 £4.24, 22.03+5.01, 26.06 +8.13 ng/ml), MPO-DNA(0.31+0.04, 0.35+0.05, 0.45+0.05) & -F 4%
K&, EFAA%ITFESL (F=28.755, 13.335, 62.470, ¥ P < 0.001) ; ¥ PDR 41, NPDR 41 cfDNA, CitH3,
MPO-DNA 7k F 3 & F NDR 8 (=7.076, 4.837, 11.436; 3.550, 3.455, 3.324) , H PDR 41 cfDNA, CitH3, MPO-
DNA K-F% T NPDR 4 (=4.127, 2.128, 7.065) , £7FBAA LT FEL (3 P <0.05) ., Spearman 48X 54 L%,
cfDNA, CitH3, MPO-DNA 5 T2DM &£ HALM iJm K = A E ¥ ZEMX (1=0.659, 0470, 0.744, ¥ P < 0.001) .
ROC w4 277, cfDNA, CitH3, MPO-DNA & B:&-#m] wh & T @42 [AUC (95%CI )] % %] % 0.846 (0.758 ~ 0.934 ), 0.776
(0.674 ~ 0.878) , 0.847 (0.764 ~ 0.930) #= 0.938 (0.889 ~ 0.987) , *FT T2DM & & % 4 DR A4 — & TR M1,
%5 DR & ¥+ NETs 47 &4 ¢fDNA, MPO-DNA % CitH3 K-F4 &, ERKF5 DREEZEME, —TREL
TN T2DM &% DR #9 Z AH L, BBESFMMER S,
FKHEIR): 2 BUMHER ; WEPRI LI BOG AR s R AR MM E B IR S DNA; JREMILA &M 3; fiid
AL DNA
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Correlation between the Expression of Neutrophil Extracellular Traps
Markers cfDNA, CitH3 and MPO-DNA in Patients with T2DM and the
Degree of Retinopathy
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University of Science and Technology, Henan Luoyang 471000, China )

Abstract: Objective To explore the correlation between the expression levels of neutrophil extracellular traps (NETs) markers
circulating free DNA (cfDNA), citrullinated histone 3 (CitH3), myeloperoxidase (MPO)-DNA in plasma and the degree of
retinopathy in patients with type 2 diabetes mellitus (T2MD). Methods A sum of 80 patients with type 2 diabetes mellitus
(T2DM) in First Affiliated Hospital of Henan University of Science and Technology from January to September 2023 were
selected as the study objects. According to the retinopathy of T2DM patients, they were divided into non-diabetic retinopathy
(NDR) group (n=30), nonproliferative diabetic retinopathy (NPDR) group (#=26) and proliferative diabetic retinopathy (PDR)
group (n=24). General data of enrolled patients were collected and plasma cfDNA, CitH3, MPO-DNA levels were detected.
Spearman correlation was used to analyze the relationship between cfDNA, CitH3, MPO-DNA and the severity of retinopathy in
T2DM patients. ROC curves were used to analyze the efficacy of cfDNA, CitH3, MPO-DNA and their combination in predicting
the occurrence of diabetic retinopathy (DR) in T2DM patients. Results The levels of ¢cfDNA (65.13 +18.28,

83.34+20.10,114.52 £32.36 ng/ml), CitH3 (17.76 +4.24, 22.03 +5.01, 26.06 £ 8.13 ng/ml) and MPO-DNA (0.31 £ 0.04,
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0.35%0.05, 0.45%0.05) in NDR group, NPDR group and PDR group were increased successively, and the differences were
statistically significant (F=28.755, 13.335, 62.470, all P < 0.001). The levels of cfDNA, CitH3 and MPO-DNA in PDR
group and NPDR group were higher than those in NDR group (=7.076, 4.837, 11.436; 3.550, 3.455, 3.324), and the levels
of ¢cfDNA, CitH3, and MPO-DNA in PDR group were higher than those in NPDR group (=4.127, 2.128, 7.065), and the
differences were statistically significant (all P << 0.05). Spearman correlation analysis showed that cfDNA, CitH3 and MPO-
DNA were positively correlated with the severity of retinopathy in T2DM patients ( 7=0.659, 0.470, 0.744, all P < 0.001 ) .
ROC curves showed that the AUC (95%CI) of ¢fDNA, CitH3, MPO-DNA and combined detection were 0.846 (0.758 ~ 0.934),
0.776 (0.674 ~ 0.878), 0.847 (0.764 ~ 0.930) and 0.938 (0.889 ~ 0.987), respectively, and it had certain predictive value for
DR in T2DM patients. Conclusion The levels of NETs markers cfDNA, MPO-DNA and CitH3 in the plasma of DR Patients
are increased, and their levels are positively correlated with the degree of diabetic retinopathy, which can predict the occurrence
of DR in T2DM patients to a certain extent, and the combined prediction value is the highest.
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BRI 8RR AE ( diabetic retinopathy, DR )
SRR UM SRS R IF ROREZ —, R —Fhig 1
HATYEOL B F B, W TAEANBE AR
BEAL ) Bt i 2 A U BFFT RS ) A I R
B Z BB Z — 2 = MRS B I N - A1)
BEBE R, BRI, B RSE; HidA R R
W] PIDR AR ML 5 18 AR R AE A G, P kLAl
M2 5 AR A e, &4 DR, Pk g i
ALZERL I - A0 B e, 3 175 R SRR N T S S L
PRARAE, BRIk Zs B, JinEE DR dEfE .,
VARG R B O, R AN T S TR

DNA, ZH A ey MR EE R, BRI e Pkr 4 i 1
[ B ( neutrophil extracellular traps, NETs) , 54y
BNZY), WIEFRIFES DNA ( circulating free DNA,
cfDNA ) | JREIRfLAHH 3 ( citrullinated histone 3,
CitH3 ) g E/LY i ( myeloperoxidase, MPO ) -
DNA %, BREIAIMINAE, S5m0k, &
WEAER AR . NETs AR e T BUN PR 2 R,
HRFFT R @, NETs Al 590 Wk o SR |
SRAERA . BEMAEPRA G, [H NETs #HXAREW 5
DR ¢ R MR HGE /D, AHFSE e EL 2 BB PRI

(type 2 diabetes mellitus, T2DM ) &, #Rifoh R
Ifi. fDNA, CitH3, MPO-DNA /K¥5 DR )% &,
LU T2DM 4 DR iR Sify v fe B .
1 MREFAE
11 BFiat % BEEL 2023 4F 1 ~ 9 AT RHE kK
FE— MR BBt T2DM [ 80 N BIFFE Xt 4, MK
P T R A 7™ B R 32 0 Shy O R s 400 D) 63 7%
(non-diabetic retinopathy, NDR) £ (n=30) . dE
1 M UM R 9 LI B9 A2 (nonproliferative diabetic
retinopathy, NPDR) 41 (n=26) FlH% A= A R g IR
] JELJ5% A% (proliferative diabetic retinopathy, PDR) 41

(n=24) . PIAFsE: @ T2DM F54& (P 2 AU
PRIRBTATE R (2020 4FRR ) ) A BT ;

(@ DR, NDR, NPDR iZWifF& ( F EHE R 5 LM
PR AR IR RIZYr e (2022 48 ) ) ™ ki Sehni;
@i — 1 H W AR HR Pl /MR / Lt . Seremdl
FIEE2); @AER > 18 %, TN K 6 18 B fis
HEBRbRAE : DFETE 2 SR A B e e &
@I & HAb™ 5 T2DM & 0E ; OREAA sl B
NG . PURRLE A IR BRI AR ;. DREAA SAT
kAR 3 OFFLE L L ™ SR AR s ©JF
JRGHERIE# . NDR B M 17 191, Lotk 13 4], 4%
% 55.63+9.31 %, K E 5% (body mass index,
BMI ) 21.12 + 1.74 kg/m’, WEAH 5 13 451, PR3P 52 14 1],
NPDR 2 B4 1451, 2k 12451, 45494 57.04 + 10.12 %,
BMI 20.75 + 1.69 kg/m’, AR 52 11 451, AR 12 491
PDR ZH5PE 14 1], 2ot 10 9], 4E#% 56.13 £9.73 %,
BMI 20.69 + 1.83kg/m’, B AR 5L 12 6], AL 14 1.
=R AERE . BMI, WA POl S bR, 22
ST FEX (B P>005) . AELBEFLHM
FEREATH, AT 2ABACHZ 2 d it it
Je S [ fEES . 2022ky (295) 1.

12 XA 5ME W DNA BRI F & ( -
TR AE R A TR AR, 1845 MF0781) , CitH3
ELISA i{7 & ( LIS AEYRHARAR], 1345
FT-P37298R ) .

13 Fik

131 —BgRhscsE . I AL ARG
BMI, W5 (W= 132/ K, BEEEE= 6 1,
RIS W sl ) L BRI s CIRIEAR = 1R/ K,
HHE S = 6 A~ ) W0k}

1.3.2 K il &b J& 1l NETs 45 i % ¢fDNA, MPO-
DNA J CitH3 7K F: SR AL 5 R 25 i 4ME
BRI 5 ml, 1900 g B.0> 15 min, Humi%, T -80
CHEAERS, R AE DNA S f A6 70 oAl
M3 cfDNA ¥R s (il A& i) MPO 58054
DNA H: SRR MPO-DNA & &AMk 5, 405
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nm RIS S GRS s A ELISA 255 A I i
W CitH3 7K, ™4 4 R G i I B3
1.3.3 0 B A2 ™ o R A 2. T AR R A
22 R B} 2 £ R RS 06 27 4 2014 4F 45 (0 A v
NPDR: HELEAN M AEIERERE ), P A0S o
Bl ARGUBEE; PDR: H BRI / A0 SR A I A
R LML, 1A ORISR H i/ B AR i 55
1.4 %354 K SPSS 20.0 4 Hrg s, it
BOREER M n (%) FoR, FKRR; TS
B, DR « brifEE (X+s) R, 24
6] FL R 7 22900, i —20 WM L3 R LSD-¢
¥ %5 R JH Spearman 43 #F ¢fDNA, CitH3, MPO-
DNA 5 T2DM F 35 10 o 55075 A8 7™ B 8 O A S 5
®1

ROC £k /017 ¢fDNA, CitH3, MPO-DNA K4
T T2DM & & 4= DR I, P < 0.05 %R
HAEGIFE L,
2 H#R
2.1 =#1%% ¢fDNA, CitH3, MPO-DNA 7K-F bk
.3 1, NDR 41, NODR 41, PDR 4 cfDNA,
CitH3, MPO-DNA /KKK I+, 257 B A %11
FE X (Y¥JP<0.001); P HE, PDR 4],
NPDR 4 ¢fDNA, CitH3, MPO-DNA /K ¥ ¥ & T
NDR 4 (+=7.076, 4.837, 11.436; 3.550, 3.455,
3.324) , H PDR 4 c¢fDNA, CitH3, MPO-DNA /K
-3 T NPDR 41 (=4.127, 2.128, 7.065) , 2%
SHASIEE L (P <005) .

=42 #E fDNA, CitH3, MPO- DNA 7K3FELEE: (x+5)

el NDR 4 (=30) NPDR 41 (n=26) PDR 41 (n=24) Fig Pl
cfDNA (ng/ml) 65.13+18.28 83.34£20.10 114.52 £32.36 28755 <0001
CitH3 (ng/ml ) 17.76 £ 4.24 2203501 26.06 +8.13 13.335 <0001
MPO-DNA (A {H) 0310.04 0.35£0.05 0.45+0.05 62470 <0001

22 T2DM % HAM IR E = T E L5 fDNA,
CitH3, MPO-DNA #4 48 % £ Spearman A 5% 43
¥r i 7%, cfDNA, CitH3, MPO-DNA 5 T2DM
AL D R AR AR B R IE ARG (7=0.659, 0.470,
0.744, ¥J P < 0.05) .

2.3 cfDNA, CitH3, MPO-DNA 71 @ T2DM % #
DR £ A#zkat WEK 2, K1, 4 ROC HiZsr#r,
cfDNA, CitH3, MPO-DNA K Bk & ¥ il £ T2DM
# DR AP HAT—E B

x®2 ¢fDNA, CitH3, MPO-DNA Xf T2DM £E % & DR BFili&E
HiH TR FERE AUC PE 95%CI IR ISR
c¢fDNA 0.84 0.80 0.846 < 0.001 0.758 ~ 0.934 77.37 ng/ml 0.64
CitH3 0.68 0.83 0.776 < 0.001 0.674 ~ 0.878 20.92 ng/ml 0.51
MPO-DNA 0.64 0.90 0.847 < 0.001 0.764 ~ 0.930 0.37 0.54
A B 0.94 0.80 0.938 < 0.001 0.889 ~ 0.987 - 0.74
o (ol e SR R, R . R, B
e PEAE R AR U1 AT S S R B,
o o NETs J 1A B8 v g e J5 vl 4 S M M A A
- (LA S 26 I T 2 A W0 52 4 g o
. G KRR, U5 NETs ()8 BRSO 450, &
i WEFR BT AT REHLIK NETs JER. T DR 24 E
N B WO I RAE , DA R EHL ) S A
i Y. ZICRLEEEARERE | RS %
SR 25 DR AT 0, DT o A 28 B
0 . . . . LA TR, i 2 00 R s A8 R 1 U0 NETs fE
N 22 R AL LIRS, JE X DNA
N o i T TZPM® NETS 94057, ofDNA S s (A 19
3 Wi B ORI 11, T NETs JEROCH(E TR (IR

NETs HIE i B e i 4L HRNE R . 5k
B IR B A0 A AR B AR B BRI DNA
RIORLAE I E A AIIRANAE, AT A BT LA 1 AN [R]

CitH3 ) ARG & IR 9% INZ iRk, MPO-DNA J& 1 ifF
NETs B s e A R A%, ik ofDNA,
MPO-DNA, CitH3 2REMEICEE NETs fbri&dy, M
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5% NETs 5 DR WG R, ABFFERINARE I NETs
bR ¢fDNA, MPO-DNA #I CitH3 /KF, 43brH:
L5 T2DM (8 AN R0 B AR R B R R AR

AU, N A KETF (VEGF)
Ko HaZ PR i 45 76 DR A ) B8 A= 1 45 1 B % i 4
BETREEZEEM; mA Ak, @it
VEGF 97, A0 D 260 A0 e fg A e v — A2 4 i
Wik (NADPH) A LEHEE, LUT & E A
KB NETs ;=45 ik FE i B NETs Ar &9 ] fig
%5 DR ##2, it NADPH EALEHR RS, 75
PR A TS S BRI - LB SR B, NETs Frids
YA MG . ABFFERLI 25 440 I NETs A1
)% NDR 41, NPDR 41 fll PDR 411l %% cfDNA,
CitH3, MPO-DNA /K% 4 F+ &, 1587 T2DM
BET, FEERRTCRAE | ARG A B AR | AR
RUGAR = AR N, ik NETs briliyy 280
BT E kA, 5 AR gE R B, AR
WFFE dE— 215 Spearman AH ¢ 14341 & B cfDNA,
CitH3, MPO-DNA 1 5 T2DM H i % fisd g 745 =
R R IEAHSE, RO AR R A, RS AR A
DR — i H &k, WARFEERR, BEE ME T —L0%
AHE, BAEMEANE, &Kk NA R DR,
IS A PR 0 77 A2 NETs FORE 1258 Wi o, ik
FHOCHR Y FRA G, RIDIEMECR,

L7/ e I (Y =% = L b S N i e
R AR 25 S T2DM K BB ) 3iF SR 3
FEAE R PERI AN, JF & B %4 DR B, Hhdokig
JBR A ot - PR RS R, 5 A PN B B R R,
J] DR 98 5E SR o AR % BB DR g K BB B A
JiE . B AEE NETs, 8514 NETs 7E DR &4 %
Bl —E e A2EERR Y, BT NETs S5k
MELEEH (HbAle) 25 MBEFEFRAHC, 5 DR A
K, Al NETs 5 9 5E o Bk fif Be . JI8 NETs
JEERETEAG DR #ERE, HATEEA Gl . AR
ROC fifi £k i 77, c¢fDNA, CitH3, MPO-DNA 7£ i
I T2DM 34 DR &4 vh¥H — i d, HEA
T A e, R — @ R NETs A4 g vFA
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IR 5 5 DR s 400 D0 S A e i HA AR e, H—E
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