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WA AT AR 24E A DR 40 (NPDR £H) Fi4 /4= 59 DR 41
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T3 H8 A5 19 AH S 1 5 Logistic 010943 HT 50 DR & 4= 1Y H
Z 458 ROC M2k P45 GDF11 ., TSP1 %I DR %1 412 thr
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2R 5% 4L b, DR 4 EPCs, GDF11 /K ¥ F& 1K,
VEGF \ECs \TSP1 /KF-F+ i (¥ P<0.05) . PDR 41 GDF11
KK F NPDR 44, TSP1 /K F /& F NPDR 4 (¥ P<
0.05)., DR I7 GDF11 5 VEGF .ECs £ A& (r=
-0.486.-0.511, %] P<0.001), 5 EPCs 2 FH % (r=
0.475,P<0.001) ; TSP1 5 VEGF .ECs EI1FA 3 (r=0.579,
0.594,%1P<0.001), 5 EPCs 2 i #H€ (r=-0.505, P<
0.001) ; GDF11 5 TSP1 /K F 2 M A (r=-0.443, P<
0.001), T2DM J% 2 . VEGF . TSP1 & DR % 4 ) f& [ K
£, GDF11 M4 [ £ (¥ P<0.05) , GDF11 TSP1 #.7h
JHRA2 M PDR &A1 AUC 43 %)k 0.819.,0.822.0.915,
BAMT LW (Zys_ o, =2-070,P=0.039; Zy 11y =
2.274,P=0.023) .
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Abstract

e AIM:. To investigate the expression of serum growth
differentiation factor 11 ( GDF11) and thrombospondin 1
(TSP1) in patients with diabetic retinopathy (DR), and
discuss their relationship with microvascular injury.

e METHODS.: Totally 102 DR patients were served as DR
group and assigned into non proliferative DR group
(NPDR group) and proliferative DR group (PDR group)
based on the severity of DR lesions. Meantime, 100
patients with simple diabetes were served as control
group. Serum indicators of microvascular injury including
vascular endothelial growth factor ( VEGF), endothelial
cells (ECs), endothelial progenitor cells (EPCs), and
levels of GDF11 and TSP1 were measured in each group.
Pearson method was used to discuss the correlation
between GDF11, TSP1 and microvascular injury indicators.
Logistic regression was used to discuss the factors that
affected the occurrence of DR. Receiver operating
characteristic (ROC) curve was applied to analyze the
evaluation value of serum GDF11 and TSP1 for the DR
conditions.

¢ RESULTS: For the control group, DR group had lower
EPCs and GDF11, and higher VEGF, ECs, and TSP1 levels
(all P<0.05). The PDR group had lower GDF11 and higher
TSP1 than the NPDR group (all P<0.05). Serum GDF11
was negatively related to VEGF and ECs (r= - 0.486,
-0.511, all P<0.001), and positively related to EPCs (r=
0.475, P<0.001). TSP1 was positively related to VEGF and
ECs (r=0.579, 0.594, all P<0.001), and negatively related
to EPCs (r=-0.505, P<0.001). Moreover, GDF11 and TSP1
were negatively correlated (r=-0.443, P<0.001). The
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course of T2DM, VEGF, and TSP1 were risk factors for
DR, while GDF11 was a protective factor (all P<0.05). The
AUC of GDF11, TSP1, and combined diagnosis for PDR
conditions was 0.819, 0.822, and 0.915, respectively. The
combined diagnosis was better than single diagnosis
(Zombination- corrt = 2:070, P=0.039, Z, pination-1sp1 = 2.274, P=
0.023).

¢ CONCLUSION: GDF11 and TSP1 are closely associated
with microvascular injury in DR patients and are related to
the progression of DR disease, and the combined
detection of their serum levels is of clinical value in the
assessment of DR disease.
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W PRI AL M B0 22 (diabetic retinopathy , DR ) 4 iy B
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T B, 1 105 00 I S50 A 14 e b 5 R R SR, H R
DR A LR i L o o 58 4= B T, 3 A I R A9 47 3092 I
SHRGRIT R Z PR, TS A K LR T 11 (growth
differentiation factor 11, GDFI11) S M v 1
(thrombospondin 1,TSP1) A/ AHLA ib & 2 5 240 i 5 7, 78
WA ol T A R A A A A B R R R
FESCHEVE N AR ok Bk B £ 1Y F 98 % W, GDF11
55 TSP1 FERR IR Be Ho I e 1) & A e it i v 0y i 2
FEMOT WARITMTE GDF11.TSP1 /K5 DR #
O A IR 0 N AE S I X T B R DR &R HLA L S
PRI SPRS 12 T DL B 2 T IR YT Rons B R A
B DR R I TUS BRI B AR TFRE B s 42
1 XA %
1.1 38 BEHL 2022 4F 1 A & 2024 4F 11 A R BE B
Wik 102 4] DR 235 DR 41, Hd 3 50 1, 4 52 fl,
A 45-75(68.35+5.95) %, [AlHAEHL 100 fi] Hali 2 FUHk
PRIG (T2DM) Jg X BR 40, 55 47 1], 4 53 ], 4F % 4074
(67.86+£5.22) %, 5 DR I PE 5 AFREUCEC, 90 A bR k.
(D)¥1k T2DM B & (2) &I IKR# 2, /5 & DR 2 Wits
HES S (3) IR PRI SR HEBRBRAE . (1) B IF IR &
o™ A B BN 5 (2) B E TIREA 4 (3) BRI
JEHR %8 i g8 S LA IR FR B 7 5 (4) A BIE R I P &
NG SRS ) B (5) A& B R (IR 48 TR
=160 mmHgm &7 7K & =100 mmHg) 5% MLAE 7% 4 ; (6) T
OV FH S BORE R B B T R A SC 295 (7) 3L 3 mo WY
AEKIMG TR G AT OB LS B 16 H
Z A UE (165 :2020026) , BT A S 5 (R H WP N)
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1.2 A%k
1.21 LI EEARAN  RAE B H R I8 # Ik i
5 mL, Z R FE 30 min, R0 A REERE S, T 4 CHMAT
L3 000 r/min B0 15 min, B2 07 , 55 2 -80 CIRAE
R, {1 ADVIA 2400 4 H 3 A4 4643 A % 25 1 i
BEFN LG DU K-
1.2.2 Mm% GDF11 #1 TSP1 /k £ M % A GDF11,
TSP1 ELISA i & ( 5% 5 : D711246 . D711220) 13 B 45 2
BEXFIME GDF11 TSP1 KA TR . Je i 2 1k ), 1
ELx808 HIHR{Y ( BioTek ) 7F 450 nm I 1 40 I 5 4% L Y
FEHBE(OD) fH, LAZS FIFLIR R . AR 4R b v ot ik B e o)
OD {H 2 il B v il 28, SR FH DU 2 50800 & il 26 2k 31 50 1L 35
GDF11.TSP1 &4,
1.2.3 MFEMMERGIEFREN SR ELISA K0 i 7
1% N A K A F (vascular endothelial growth factor,
VEGF) K B0 BB IR 1.2.1, 38 FH 3 =2 40 i A 46 0 41
AL P Bz 40 B ( endothelial cells, ECs) | PN Kz 41 40 g
(endothelial progenitor cells, EPCs) F &=, 113 /1 7] BT
SR 1] AT S P A 20 LA AR L) e St B W4 D31
CD133 FHHHME S , M ECE 8 AF 48 ECs [EPCs 5 4b
Je i BN R AR B E A e
124 fREEGERSE  WIERAE A LR, ik (R E
DR 9 AL 0 55556 A5 I R 1297 46 e (2022 4F) ) 'Y X} DR R
FR ARG S A2 W, O 43 A AE S 4E 7 DR 44 ( NPDR
ZH ,47 1)) FHg 4= 5 DR 2 (PDR 46,55 f4]) .
it 24 43 M7 R FH SPSS 25.0 G it 51 AT R0 4347
RS IESM M, LL xxs FoR, B ) A4 70 57
FEA ¢ Kz 36 ; 22 20 18] b AR FH B IR 28 7 22 93 #1, SNK —¢ 7
AT LB, TR LA (%) o, 4 18] Fe %R
X2 KGR Pearson 354341 GDF11, TSP1 S5 145 161 43
FEFRIOAETE . 22 Logistic [M1JA5041 DR % A= 1 XU
K2 7 2 MK K7 (variance inflation factor, VIF) 43 #7 i3k
T2 W (VIF<10 AR E 2 H AL L), 4
i ROC 43T 1L GDF11 ,TSP1 X} DR ¥ 17 0912 Wi
., P<0.05 WEFAHGIFEX,
2HR
2.1 XtER4A70 DR Allg K& £ & MiE GDF11 1 TSP1 7K
b PRALAEES R IR R PR R A IR R | il A
PUI A, 252 R IR TR E L (¥ P>0.05) , T2DM i 2 |
VEGF .ECs .EPCs .GDF11 Hl TSP1 b4, 2% R B A %1t
=X (1 P<0.001) , W3 1,
2.2 DR #£#& Mm% GDF11 #1 TSP1 5 &G IEH=H
HEM M GDF11 5 TSP1 VEGF ECs R iM%, 5
EPCs H IFAHE (¥ P<0.001) ; TSP1 5 VEGF ECs 5 FAH
K, 5 EPCs S HAHE (34 P<0.001) , L3 2,
2.3 Logistic B34 #7 DR XA KK EZE LI DR &/
RAERNHZR(Z=1,%5=0), R 1 TPERAGIEE
S FE BN B A8 1, 4T Logistic |l H 43 #1, 45 8 7R,
T2DM %5F# . VEGF .GDF11 F1 TSP1 J2& DR % 4= 154 K 2
(¥ P<0.05) , W3 3,
2.4 TEHLMISHT XTI BE R R & IEAT VIF 08T, 45
IR, B A i VIF ¥<10, AELESELRPE W 4,
2.5 NPDR 4A71 PDR HEE — M F#Lk% NPDR 4 H1
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F1 tHRZAF0 DR AR FE# & MiE GDF11 F1 TSP1 /K FE L

it KB (n=100) DR 4 (n=102) X/t P
RS (XES, %) 67.86+5.22 68.35+5.95 0.622 0.535
PR (1, %) 0.083 0.774

5 47(48.5) 50(51.6)

i 53(50.5) 52(49.5)
T2DM L (X£S,a) 6.24+2.25 10.41+3.64 9.771 <0.001
W4 HE (X £ , mmHg) 115.53+11.84 118.29+12.31 1.624 0.106
£F3KE (X£S , mmHg) 73.29+5.71 74.78+6.14 1.785 0.076
25 1 U (X £S , mmol/1) 7.42+2.03 7.83+2.36 1.323 0.187
S EL (X £, mmol/L) 3.811.10 3.94+1.36 0.746 0.456
H il =8 (X £, mmol/L) 0.88+0.24 0.95+0.30 1.829 0.069
B NS TR [ (X %S, mmol/L) 1.23+0.35 1.31+0.36 1.601 0.111
% NS 1 (XS, mmol/L) 2.24+0.57 2.39+0.60 1.821 0.070
VEGF (X %S ,pg/mL) 32.65+9.28 47.19+11.73 9.758 <0.001
ECs(X£S,%) 0.087+0.015 0.144+0.027 18.497 <0.001
EPCs(X%S %) 0.068+0.017 0.046+0.014 10.049 <0.001
GDF11(X%S,pg/mL) 25.49+7.64 19.63+5.53 6.254 <0.001
TSP1 (XS ,ng/mL) 10.81+2.70 14.49+4.26 7317 <0.001

6 R Bl 2 BB IR
%2 DR EEMiE GDF11.TSP1 KT S#MN &R G ISR X
rh GDF11 TSP1
r r P
VEGF -0.486 <0.001 0.579 <0.001
ECs -0.511 <0.001 0.594 <0.001
EPCs 0.475 <0.001 -0.505 <0.001
GDF11 -0.443 <0.001
#3 #Iu DR EZXEMSEE Logistic EIVASH#7
SR B SE Wald X* P OR 95%CI
T2DM i 0.510 0.205 6.185 0.013 1.665 1.114-2.488
VEGF 0.928 0.339 7.491 0.006 2.529 1.301-4.915
ECs 0.538 0.321 2.812 0.094 1.713 0.913-3.214
EPCs -0.587 0.343 2.929 0.087 0.556 0.284-1.089
GDF11 -0.364 0.150 5.884 0.015 0.695 0.518-0.933
TSP1 0.514 0.198 6.740 0.009 1.672 1.134-2.465
*4 TEMHLELSHRY 2.274,P=0.023) , )& 7 FE 1,

A i wE VIF 31Tt
T2DM J 0.304 3.089 DR 2 H A 0T OB AR 2S5 | & i — Fo PR 9o 9 &
VEGF 0.266 3.759 LI PR R I BRI ) T B B gt LA S 36 5 A i
GDF11 0.495 2.020 A ER A TS OO BRI B AR TN R EE T RS
TSP1 0.273 3.663 RSB R A TR S R R R B

PDR 4H B FAE W 5 T2DM FG R Il R 23 i il % K i
Jig VU IR A5 A5 HL K, 22 S ESE T4 2 (34 P>0.05) ,
HEA BRI e, WE S,

2.6 ~Ef%1E DR B& Mm% GDF11 #1 TSP1 /K F Lb &
NPDR #ZH#1 PDR 4H 5% GDF11 #1 TSP1 /K FHbi, % 5 H
FGe it (4 P<0.001) , W& 6,

2.7 M5 GDF11 0 TSP1 K Ext DR fw1&EiZ W& LU
NPDR 411 7% GDF11 F1 TSP1 7K Sy b BB, — 3% Boph Kz 1t
A2 PDR & ZEH9 AUC 435314 0.819 .0.822.0.915, B4
T AL W (Zygpgpr, = 2-070, P =0.0395 Zyy 1y =

e MUBHEAR 25 7T S SO0 190 5 1 1 457 J35 4 RO R B8 1A i 4 i 4
O, Bt 51 & — R 5 IR IR AR itk A AU
BIOIRIPLE] X T 3% DR B A& 1 F2 LA B I & 85T G
ST TR B E %2 X, GDF11 1 TSP1 J2& 3 4F 3 76 Sk it
B A2 PR T, GDF11 FIE 52 fE S fie
B A I8 T B, T BE AR AL S B 405 118 B i R vh & 4
FEVERYY , M, TSP A Ry —Ff 61 98 1 i A2 A i A
F, HEERRR VR AT A I R A, DA i B Rt 4
%7 HEIET GDFIL1 I TSP1 76 DR A L3 T 0 35
55 0 B HE SR A 5405 56 2 ) EL R 9 i R 2 0
GDF11 VENFEAL A K H F - MR, 7E LR &
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%5 NPDR £2#1 PDR £H— & #I b &
E =270 NPDR 41 (n=47) PDR 41(n=55) X/t P
AR (XS, %) 68.506.18 68.22+5.75 0.237 0.813
P () 0.171 0.680
% 25(53.2) 27(49.1)
i 22(46.8) 28(50.9)
T2DM Ji i (X £S ,a) 10.23+3.34 10.56%3.90 0.455 0.650
W45 E (X %S, mmHg) 118.36+12.45 118.23+12.19 0.053 0.958
473K (XS, mmHg) 74.53+6.04 74.99+6.23 0.377 0.707
25 I A (X %S, mmol/L) 7.76+2.07 7.89+2.61 0.275 0.784
SAJHE (X £S , mmol/L) 3.89+1.24 3.98+1.46 0.332 0.740
H il =8 (X £, mmol/L) 0.92+0.26 0.98+0.33 1.007 0.316
B NS TR [ (X %S, mmol/L) 1.28+0.35 1.3420.37 0.837 0.405
R B NS B 1 (XS, mmol/L) 2.30+0.59 2.47+0.61 1.424 0.157
% 6 NPDR 42%1 PDR 4 #E#& GDF11 #1 TSP1 /K FE L% xS
2157 %% GDF11( pg/mL) TSP1( ng/mL)
NPDR 4H 47 24.25+6.52 11.17+3.47
PDR % 55 15.68+4.68 17.32+4.94
t 7.701 7.156
P <0.001 <0.001
£ 7 15 GDF11 #1 TSP1 k £3t DR fHiEi2 ¥t E
A AUC WA 95%CI UM (%) Rt (%) Youden 541
GDF11 0.819 19.24 pe/mL 0.730-0.888 74.55 76.60 0.511
TSP1 0.822 14.35 ng/mL 0.734-0.891 72.73 80.85 0.536
& 0.915 - 0.843-0.961 87.27 80.85 0.681
100- J% 1% M NPDR [1] PDR #F R R L TREEH, X—EH Y
LIRASE GDF11 HA PR 1 I AW S AR R R, 4278 DR 1Y
80- KA R JEFEBEZE LT GDF11 F£iAR S H T, X o] gEf#
5 GDF 11 X 10 Do) R A ot 45 %) £ 37 1 FH Bk 1) 555, 328 1 o s
TER R, W ENLEI T RE VS X = B A 5 ] GDF11
S 607 FLRE 53 A& A, DA RCGSAAR N O 1 GDFLL 45
§ RS 2R A T UM GDF1L A2, BikA
& 404 R DR B ERRI
TSP1 j&—Fh 2 Dy HE 04 40 g S0 38 ol & 1, A0 1)
2o e — AR A PN TS ol A5 A R 5 38 2k 5 22 R A e
TE A2 AR A A 20 4 1 A A B R, #E DR LY
FSE T L EE 3], 400 D00 Ry 350 g0 4L v 55 A B8 A A6 1T 175
01 SRR A 2 b B AR PN B A M A R TSP 43 ik X

(I) 2‘0 4IO 6|0 SIO 1(I)O
10045 57 14(%)
B 1 1% GDF11 %1 TSP1 i2 & PDR %k 4/ ROC Mk,

H SRy K 2 i g s A
TR LAE DR & 4% 0 B R R vh ELAT 22 07 T A R B R
I, RSN SZEGAESE  F4H GDF11 7 1 fE b 25 K s
V5 18 A0 DO S I PR Bz A 0 T, AR R AN A 5 5 D g
SEREPE P TR, ZIMEGEAE Y, GDF 1L T R EIR T
HAM % -« B (NF-«B) {5 538 B RO R 11,
I 2 DR AR AE N A 3l 5 50K i 2% 0 AX 415 410 il
NF-«BA] {080 R U7 R A0 R 1 1 2 3k 5 B ik, A
VAR R PR A S E VR T 5 L U AR R A A R
DR H M GDF11 /K- B (LT 5.4l T2DM B34, H Rl
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BN A AL ) — P AR SN, B 0 ) 5 I 7 0 A
HYERFm RS BN, A AFFTUESE, TSP 3# id 25 &
B R FEZ T AR ST R A AR A
FNEGE 20 12, 1112 5 00 0 F Aol o 455 1A 2 400 e ) 48 405 4
S LA RGH AR LA 9 e A B i B S A Y AR IR K B
DR B H MM TSP1 /K- g 25 /5 F % B4, H Gk B Bl
1M NPDR ] PDR K JEMi R Ft &, X —45H8 5 Li
ZEIOTHF g —3, BIFE DR R BEE R R v, TSP 136354
P IRA , ST SRR B G:  FRUEHED  2F 5 TSP 4T
T 0 A A A A A S e A o i A A A B )
JELARA AL TR VAN, TR B I 36 4 R s, 25 7K S Y TSP
WL SRS SN AR IER B E S
TH , M EE A A PN B D e e, (L ELARS S5 AL
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1 5 ST IAIE

FE DR &S AL i Bt 5 0 405 6 5 A AR AL
JE51 K — F G AR Ak 1 O SR 4G a5 T AR F 5 2
Pearson A2 M0 M7, &K FLIMLE GDF11 ,TSP1 /K3 5 f# 1.
BWAHR bR Z MAFAE GG, LT GDF11 /KF15 VEGF 7K
SR, X R GDF1L Af REAE Ry — Pl o U5 A 1 4%
A GRS P 30 VEGE 4355 | a1 3 42 00 0 58 £
B SE R MRV LM, VEGF /K F-REIREE] &
BRI T 8005 0 R A A, AN I I GDF1L W] il 3
VEGF 33 , S b3 A s I i, AT Bh F-40 1 Ar g
XEGARMG S FA, HED GDF11 7685 IR A [7) 3 & i
T IS REAG BT 25 5, 76 DRt T80 6 S 3 19 145 2 Bl
Fil#, GDF11 W] fg 38 i 55 4+ PE 45 & VEGF &2 1k, 11 il
VEGF it BE 3035 BT 51 & 095 B 37 A6 1 48 T8 1, B 1k 40 1
A M A 25 F KL 58 0w 2 o (RIS 17 5 L2 5T E
S, AN, GDF11 5 ECs SR A KL S EPCs & &
FLIEARSG , 7E— ™ S H A 2 R A P e R A5 v i G A
YER . WFFE R 03 ECs SRR T 32 i 4 i e 7% , oK
ST L S W I P AR AR B EPCs MR A L 1B
FIRT PR 2N, HBCR DD $ R I A B AR RE D R REY .
IAHED | X4 GDF11 7K T R, ECs 14 BF 158 15 R )4
#GE T R EPCs 1948 52 D) RE 52 461, SO i 38 9 B 58
SRR FI IR ek DR ke, 52 A, g TSP /K
V-5 VEGF \ECs & it S IEAHC, 5 EPCs &t S HAAHC, H
HE5 GDF11 /K PFAEAE B B AAH O R, X B A TSPL
7 DR AR rp 4758 2 Bl A 43403 A0 s 6, e T B S
Y5 VEGF FL[RIFEHT, 388 5 X6 P 52 40 B %) o) 35, 412 o8 ol % 38
B PERE I A0 A 3 5 3L, IR RD R EPCs (99 5 4y
b, 10 55 145 16 2 B L FE IR R, DR OB I T
TSP1 7Kk a7, AR AF: B o 8 Sk 7™ 1% 00 I AR i 7 75
T S5 A A8 1S AR, R X — A G PR BRI T A 0 1 B SR
P& Logistic [ 05 43 #r 2 /%, T2DM J% #2 . VEGF , TSP1
2 DR RERIFE I N %, GDF11 R4 N £, 278 T2DM
JEFEAEK VEGF [ TSP1 T LA & GDF11 /K[, nT RE2>
BN DR &R Y)W VEGF .GDF11 TSP1 7K3F , 4 F)
FHiBh T2DM s {5 E g & DR kA=

WA A 98 351 25 ROC 4k & 1, GDF11 . TSP1
419287 DR 6 1% 19 AUC 4351k 0.819.,0.822, ¥ HAH —
SEFIAE , BLBE S TI A AUC SN 0.915, SR i 25 42
. X HERIMYE GDF11 ., TSP1 T R & TEAL DR 5 1% TS 7E
FrRady , AT — @GR . R0, AW S AT A7 AL SR BR 1
(1)GDF11 F1 TSP1 &5 ZFh A= Py 2# it 8 CAnAR a4y i
AR, HAE DR P AR ST S RREAR IR AE ; (2) 18
H R B4 FHLEN (40 GDF1L 37 VEGF 38 %) 5t = 526
ST KT 3 R A1 AR T Bl B 4 S 08 ik — A 56 IE
(3) Hek e T e X LA B A DR R OC 3R | e 2t T R Gk 1) BA 1)
WE5E AL LK,
PR RER AR SURFAEFR 2 v 5E
{E& TR A M ILIE SCE L 5 18 0, VI R 4R S 1 A
SCHE RSO A SCHRAR F BE o BT 5 2 A S
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