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AR 2 BB S LS USP14 Fil GRB2 K5
I B M4 9 A ORRH DG PEIE9E

Fma, XAH", Ko, REW (LB TLER a. WWES b REFH, dbat 102413)

1 E: B RTEF2ABEAR (T2DM) BXhF2 24 FHE98 14 (USPI4) RAKATSHRESEY 2
(GRB2) K-F5 FrdEmE (LEAD) #94aXH, ik AFAL T T BT 2020 4 7 A ~ 2023 4 8 A kg o4
T2DM %% 153 4, AR#BH L LEAD > AR T2 (n=64) FiERm A (n=89) ; 5B LIRFIH5ZF T2DM &4 840
IE AR w153 44 Bepkae & JB #AF A sh B2, RN BEBE J 95 R W i% (ELISA ) #:m) % % &% USP14 #= GRB2 K+, % K
#% Logistic )2 447 % A T2DM %% LEAD X £ 69 W & ; kA TAEHEw & (ROC) 4947 % % T2DM # % USP14,
GRB2 K F - % % LEAD 894 Wi i, &R 5t Bagrt, s & a4 4k 9% % 40+ fo 3% USP14 (8.56+ 1.57ng/ml,
6.34+ 1.27ng/ml vs 423+ 1.02ng/ml ) , GRB2 7K-F (7.45+ 1.56ng/ml, 5.23+ 1.12ng/ml vs 3.19 +0.78ng/ml ) B 2.3& hu,
EFAA G FE L (¢=33.555, 18.259; 37.326,19.960, 3 P < 0.05) . A% . B &Afe C ik USP14 (7.14+ 1.31ng/
ml, 8.67+1.52ng/ml, 9.98 +2.0lng/ml) , GRB2 (6.31+125ng/ml, 7.47 +1.58ng/ml, 8.69+ 1.74ng/ml) K-F4& K34,
2 FBEA %I FEL (F=14.754, 11404, ¥ P < 0.05) . % W% Logistic ® 24474 % 2=, USP14, GRB2, TC,
TG, LDL-C #= HbAlc 32 %4 4 T2DM % % LEAD X A # % s B % (Wald y’=11.618 ~ 41.458, 35 P < 0.05) ;
ROC W& 4 £ B 7, fi& USP14 #= GRB2 B:4-# W7 LEAD %9 w1 &8 F @42 ( AUC ) %5 T USP14 A= GRB2 - 37 ( Z=2.706,
3.124, 3 P <0.05) , % USP14 #= GRB2 /224 T2DM % LEAD %% ik ¥3) 2 KA AKF, M LEAD 2438
Imda St &, TR AL BT T2DM 5+ 4 LEAD 9 F A &4, 3B sk # 45
KA 2 BIBERE ; RSERMEAR 14; ARETF2ZAGEEA 2; FREMERZ
FESES: R587.1; R392.11 XEFRERG: A XEHS: 1671-7414 (2025) 02-140-05
do0i:10.3969/j.issn.1671-7414.2025.02.026

Study on the Correlation between Serum USP14 and GRB2 Levels and
Vascular Lesions of the Lower Limbs in Elderly Patients with T2DM

LI Lihua®, SHI Chunyan®, ZHANG Huan®, CHAI Xueyan® ( a. Department of Endocrinology; b. Department of
Clinical Laboratory, Beijing Nuclear Industry Hospital, Beijing 102413, China )

Abstract: Objective To investigate the correlation between serum ubiquitin-specific protease 14 (USP14) and growth factor
receptor binding protein 2 (GRB2) levels and vascular lesions of the lower limbs (LEAD) in elderly patients with type 2
diabetes (T2DM). Methods 153 elderly T2DM patients admitted to Beijing Nuclear Industrial Hospital from July 2020 to
August 2023 were selected and divided into lesion group (n=64) and non-lesion group (n=89) according to the presence or
absence of LEAD, in addition and 153 healthy volunteers who matched the age of elderly T2DM patients in the same period
were selected as the control group. Enzyme-linked immunosorbent assay (ELISA) was used to detect serum USP14 and GRB2
levels in patients. Multifactorial Logistic regression was used to analyze the factors affecting the occurrence of LEAD in
patients with elderly T2DM. Receiver operating curve (ROC) analysis of USP14 and GRB2 levels in elderly T2DM patients
for the diagnostic value of LEAD occurrence. Results Compared with the control group, serum USP14 ( 8.56 + 1.57ng/ml,

6.34 + 1.27ng/ml vs 4.23 + 1.02ng/ml ) , GRB2 levels ( 7.45 = 1.56ng/ml, 5.23 + 1.12ng/ml vs 3.19 + 0.78ng/ml ) were
significantly increased in the diseased and non-diseased groups, and the differences were statistically significant (¢=33.555,

18.259; 37.326, 19.960, all P <0.05). Class A, B and C serum USP14 ( 7.14 + 1.31ng/ml, 8.67 + 1.52ng/ml, 9.98 +2.01ng/
ml) , GRB2 levels (6.31 +1.25ng/ml, 7.47 +1.58ng/ml, 8.69 +1.74ng/ml) increased in that order, and the differences
were all statistically significant (F=14.754, 11.404, all P < 0.05). Multifactorial Logistic regression analysis showed that
USP14 , GRB2, TC, TG, LDL-C and HbAlc were all influencing factors affecting the occurrence of LEAD in patients with
T2DM (Wald ’=11.618 ~ 41.458, all P< 0.05). The results of the ROC curve showed that the area under the curve (AUC)
of the combined diagnosis of LEAD by serum USP14 and GRB2 was greater than that of USP14 and GRB2 diagnosed
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alone (Z=2.706, 3.124, all P<0.05). Conclusion USP14 and GRB2 were both highly expressed in the serum of patients with

elderly T2DM combined with LEAD, which increased with the increase of LEAD grade, and can be used as serum markers for

the diagnosis of elderly T2DM combined with LEAD, and the efficacy of the combined detection of the two is better.

Keywords: type 2 diabetes mellitus; ubiquitin specific protease 14; growth factor receptor binding protein 2;

lower extremity atherosclerotic disease

2 BUBER (T2DM ) Sl s M UL A 7030
FRGPIN,  F B R 3T MR IR m e 4
ARG [P e Vs IEAER, S DS
FEHERERYNNE], T2DM HYAIRAEEEAE ETHES T
BEIMAEAZE (vascular lesions of the lower limbs, LEAD )
SEVERIR BB UL H ™ R AE , AR
WG 422, e T2DM Bk 32 R B, R,
S48 5 T2DM % LEAD #C 19465, X LEAD iy
TR FNSIG BA E L R, ZRR SRR
1 i} 14 (ubiquitin-specific protease 14, USP14) £
FUBRE R B SR DIRE, S5 2R &L Y,
USP14 DjfgRafsn] SEUGAETEL, JF HARBE =45t
(IR)BH B IR AR P2 k855 811 2( growth
factor receptor binding protein 2, GRB2) J& F—Fi#fii%
HH, WETEF 2SR RIL, dERrAniEggE |
AR AHETIRE, JF HIHIKP AR SEEIR GRS AE
KA, HEATXT USP14, GRB2 5 T2DM
# LEAD Z ARG RWTFEEEAHE, FET i, AR
i G 2 AF- T2DM A LS H USP14 T GRB2 7K
V-, TS LEAD [56HR, WIARWHIRIRE X,
LU 24 T2DM 845 B if LEAD B R A= 2 fit—&

ISR
1 #MPE5FZE
1.1 ARt % BEECL 5% Tl BE BE 2020 4F 7

A~ 2023 4 8 HWliA 2 4F T2DM 35 153 4,
¥ JC LEADY 23 AR (n=64) FAERGAEL
(n=89) , HrpfgAz 4] % 36 7, Ltk 28 fi,
AE Y 54~76 (65.46+523) %, PR JE i 5 5
(BMI) 23.32 +2.25kg/m*; 395 725 2H 5 1 48 4],
k41 9], AFEIE 53~73 (65.57+5.18) %, F1
BMI 23.18 +2.31 kg/m’, 4 A4RiE: @D T2DM £54
(P 2 BOBEPRIR BTG ) ) AR I WibR i 5
@ LEAD 4 (b EWE RIS LB AT (2019 Fi) )
HAHSCIZ Wb 7 A A e il F ;. @i
KR SE . HEBRbRUE: OBEER T RFARL;
Qf H B RPEMEEIE s A HAEE MR &
DI RATHEH LT EFELRREDRARHE; ©
A EERY . B0 KN g © 1 AURE PRI
BYCRE IR 28 OB PR BB s (O ™ RS Pl A
5 e B[R ) 5 4 T2DM BB 35 4E I AH DT JiE A4 153
e ARG AR B AV R IR, Bk 86 ), Lotk
67 1], 41 52~75 (65.14+5.16) %, V1 BMI

2327 +2.18 kg/m’. —4IVES . AR . BMI Hfe 2
BTG E L (F/F=0.134, 0.219, 0.081, ¥ P
> 0.05) . LARBECIEZ: DI S AZ T (HEHESCT
20200623 ) .

12 MEL5XA A USPI4 (585 . EKU08025) ,
GRB2 ( #25: EKU04603 ) [iff I 6 2 W B 38055 &
( B IR AR AR AR ) 3 B s
W ( iR RS EMARA R, B5: DW-
T8) ; ZIIReBHn (FEER KRB R A A,
T35 AS1119500C ) ;5 4 H shA s #ri (%=
57 EPRBAR A FRA R, #1%5: BS-3508) .

1.3 Fik

1.3.1 Il USP14, GRB2 KA. WA A BFgE
BABERT, X RELH AR B () 25 B Bk Sml, 23
i & 30min, 5 000 r/min &0 15min 43 & L7, R
FETAE o SRS I JOT A 9 iy B M i FL Y 450 nm Ab i
FCREAE, ZehilbruEmZe, THEAEMFLAMREE(E, 52
Uves L &1 31 cam Wl em ST S BTl

1.32 Bl rsfd . TR i ree
ATl cEhesy alll e QN VAR S vt o 5
SRS, TS B S shk . TE B R R T Bk,
AR AR M NS . B R . I ZEREE . &t
BB MRS SR (B EAEE ) P
4 LEAD 434 A 9¢. B 9H1 C %%,

1.33 (G ECREE: WEEMA VIR E IR, AFRS
BMI, #ifE. R4 H ghA Ak oAk il i i S in
B (TC) . =Bt H M (TG) . mEEIREN -
JE[EEE( HDL-C ) | fIR%5 B2 RS 8 1 - IH [ EE( LDL-C )
B ML 1 (HbAle) A= IMpE (FPG) 45—
PRI R TR A AL FR b

1.4 %itsF b K SPSS 25.0 Giit i ab %
W, BB n (%) TR, 117 B%e; FAIE
BT EORHEL = bR (3+s) TR,
IR LA T ¢ A 2 2H A e B R FH R R 20 2547
M, ¢HIA] 2 @ it SNK-qg K% ; 2 & Logistic
[m] )5 4 A 52 ) T2DM f8 % LEAD ZA M E; R
HZ R TAEFRE (ROC) #h£k 23 #r T2DM %
USP14, GRB2 /K F-%F LEAD &A= (it fi, ih
LT HM (AUC) R Z K. P<0.05 Ry 22
SHA GRS,

2 &R

21 JmE 4. 4B T A A IR 4 f 5 USP14,
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GRB2 /K-Frbg UL 1. AR, B AR 4 i
75 USP14, GRB2 /K- TR, 2RHA
4iit2F L (g=33.555, 18.259; 37.326, 19.960,
¥JP < 0.05) ; JA4 i USP14, GRB2 /K-
i THERAA, 25 HASIEE X (¢=15.626,
17.668, ¥ P < 0.05) .

R fREAE, ERTHEIRAMTE USPI4, GRB2

KFLLE (X+s, ng/ml)

i Jerrdl X R

5i P
T ast) (1=90)  (n=153)

USPI4 856157 634:127 423:102 296044 <0001
GRBY 745:156 523112 3.19£078 364799 < 0.001

22 JREAAIE R E A E A — ARG R T A A4
FeArag b WK 2. BHALYEN . R, R
HDL-C, FPG, BMI W 22 5 LG 1T 24 L (3
P>005) ; SAmALMLL, w4 TC, TG,
LDL-C, HbAlc/KFHIET &, ZRHAGIEE
X (P <0.05) .

x2 RLTASEFRTHBEE —MIGEKRERFENE
PREJEEES (x£s)

A s,

%3 7A[FE LEAD 54 &% USP14 1 GRB2 7K FEb %
(x+s, ng/ml)

A R o

i F P
T G0 () (nel8)

USP14  7.14+131 8.67+1.52 998+2.01 14754 < 0.001

GRB2 631+1.25 747 +1.58 8.60+1.74 11404 < 0.001

24 ®w LEAD X 4% & % B % Logistic & )2 &
o WK 4, IR & E LEAD /RN R AS & (TR .
0=KK&kH, 1= k4 ), LI T2DM & % USP14,
GRB2, TC, TG, LDL-C, HbAlc /KF ( SZilifE )
e B A&, T2 INE Logistic MIHAMT. 4553
2 /8, USP14, GRB2, TC, TG, LDL-C, HbAlc
FKAJEF N LEAD A AERER N ER (¥ P < 0.05)
F* 4 M LEAD ZEKZE X Logistic BT
M BfE SEfE Wald/{§ P{E OR{H  95%CI{H
USP14 0302 0.064 22205 <0.001 1352 1.193 ~ 1.533
GRB2 0.882 0.137 41458 < 0.001 2416

1.847 ~ 3.160
TC 1168 0278 17.656 < 0.001 3216 1.865 ~ 5.546

TG 0423 0.124 11618 <0.001 1526
LDL-C 1463 0251 33975 <0.001 4319 2641 ~ 7.064

HbAlc 0551 0.145 14440 < 0.001 1735 1306 ~ 2.305

1.197 ~ 1.946

% t P
x A (1=64)  (n9) %

il H36(5625) 48(53.93)
0.081 0.776

o 28(4375) 41 (46.07)

g (%) =65 32(5000) 49 (55.06)
0382 0537

<65 32(50.00) 40 (44.94)

BMI (kg/m) 2332+225 23.18+231 0374 0.709

ik (4F) 459+084  442+067 1391 0.166
TC (mmol/L ) 585+ 112 512+1.01 4213 <0001
TG (mmol/L ) 184+056  152+034 4383 < 0.001
HDL-C( mmol/L ) 078+0.12 081013 1454 0.148
LDL-C( mmol/L ) 423+106  3.68+098 3.309 0.001
FPG (mmol/L) 781+124  769:1.12 0625 0533
HbAlc (%) 967+135 852121 5524 <0001

2.3 RF] LEAD %% %% USP14 #= GRB2 K -F#9
iR W 3, C YA B 24 USP14, GRB2 7K
FREET AR, ZREAGIHE Y (¢=7.656,
6.753; 4.505, 3.595, #J P < 0.05) ; C %% Ifil 5
USP14, GRB2 /K VW& & T BY, ERHEA%IT
Y (g=3.742, 3.668, ¥JP < 0.05) .

2.5 & USP14, GRB2 K -F xF % 4 T2DM & #
LEAD #9# i # DLIKI 1. LA USP14 il GRB2 7K
AR R A5 B, O T2DM M % & 75 & 4= LEAD
FERPRASAR 8 (0=AERAE , 1=9%7F )2l ROC HiZk .
1iLy% USP14, GRB2 2 LEAD (1) AUC ( 95%CI )

435124 0.863( 0.798 ~ 0.913 ),0.872( 0.809 ~ 0.921 ),
UK BE 43 9 R 78.12%, 76.56%, S B4y WK
86.52%, 80.90%, #MW{E 535N 7.77ng/ml, 6.16ng/
ml; T BCA KX 4 T2DM 3 LEAD 2 Wi
) AUC (95%CI) & 0.944 (0.895 ~ 0.975) , fi
T VR S 31k 75.00% 1 98.88%., —F KA
Wik AUC B3 K FI0iE USP14 F1 GRB2 Hli2
Wr (7=2.706, 3.124, ¥ P < 0.05) .
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B ROC HiZ: &
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3 itig

T2DM J&—Ff ™ 1 & UL 1R e, R 4
A AL - REBEA AR LA R XS R 2, InAeRk
A WA TG R R 1Y AT R B, LEAD
J& T2DM [ WIEEAE , AShkoiAERs bk Ao 3
SR EE HI s T, EETEE, E
R A R T [N, TR R E AL
e N, f£EA& LEAD Jakil ExErEd], LEAD £k
HHATCR SR AR AE , FBOS W O A% K e fEdR
JEREHL M, R, F4k5 T2DM & LEAD #56
TEFRIFIEATA I, X T2DM B 3% LEAD Bii 18 M 2t
WG A EERIGRE X .

USP14 Jj&—Fp iz AL, 58 ARHAM,
& TR R AR, 5% 494 MEER,
P25, N- Rz ZAEA C- Runfifbiz 24,
BN MR R EZA R T, 2R E—
ASEEA AL SR, SRR RS 5 LM
AARER Y, BFER R, PR — N ELR Y
FIERGE, 1ENEAREG K. rE Mg i,
PR T I 32 P S AR A s AR SR, I A PR T I 7 3
M4, 7 T2DM Wl & FHZAER, R i o 9
NEEAT FJE USP14, Hu FFAERE AL, ek b
FER LA U A AT K B B ko AT A b £ 3 Il
USP14 /KB G 71, USP14 /K- Th s ol it
NLRCS5 7K V14 i P K 8] etk I3l A
Jok 9 Bz AT RS BE F7, b0 EE S ke R AL U
ARBEFE R I, F5754H b USP14 7KW i 5 T AR R
AR A B, 5 ZHANG 25 U 9% 285 A,
#8785 USP14 2 5 LEAD W& . AW L Wos
W44 TC, TG, LDL-C & HbAlc /K- & TH,
I 1B K- 89 T T 5 S LEAD (& 42, 5%
P 34 55 U B gy S5 SR AHAT . WA, USP14 7KK i
LEAD g hinimi e, nlfgEm T T2DM At
W S N AR AE, {20 LEAD
KA, FECUSP14 K0 8 & THeE, R
I USP14 7K -1 48 46 v] 45 34 PFAlk LEAD 955 1% A9 #F
&, 5 FUSE VA R -2 HE
Logistic [M[JH 4347 25 3 7R, USP14 &5 1 LEAD
KAMFER R, 5 USP14 K F- i T) i ml 34
LEAD AAERYRAE, #ad Wi USP14 7KF-Ff K i il
FE AT RO T TS i T B LEAD B & . 4 ROC
M2k /b & B0, I USP14 iz i T2DM 3 &
LEAD i AUC & 0.863, 0% Bh H F T2DM 3f %
LEAD HJi2Wr.

GRB2 1B —FE S AN, "R AERKN
T TIRE . PN E 75 SHE S
el SRR RIEZ KRG S FERATHE, AR

IL-1 B8 R AAEAR 5 AR MR A 75 N B 40

b ek P, 78 LA PURRSEh oK, GRB2 1f

DAV S R 5 A0 A 3G 58, 5 R BB L, 7

JE& 5 RS A A BE PR A A b, GRB2 ZKF- i E THE .

J34h, LIU 45 P2 W oe ah 3R & 0 & A= sh koks £ fd 4k

() T2DM f 5 If7s GRB2 /KF-H1 7w, Honlimid

e 7t T2DM BEMSCHRAESR il sk, JF e g

JEA BRI RAERE S 5 T2DM B35 sk A1k Y

KA AGERI, XTHRZ . A AR AR 2

GRB2 /K- FAKI &1, &P GRB2 2 5 T2DM

B LEAD Ry k4. [T, GRB2 /K Fpfi% LEAD

SRR, X 25 S LIU 5 P AT

JAL, 4878 GRB2 7KF- 5 LEAD ) k& A= % D) AH

K, ARSI A AN AR K T S i

T, DR I A A A T B s Bk RERE AL i A

PET I LS AP E A, I3 GRB2 7K

BEFE P ZIHE Logistic [T 85 F BIR,

GRB2 J&5% i LEAD KA HIfaki &R, £ W GRB2

KF A TR AT LEAD 2B FRUES , 5 GUO % Y

R RANFF . E—2 ROC 44l 2R i,

GRB2, USP14 HUliZI T2DM Jf-& LEAD i) AUC

539 0.872, 0.863, —HIEKGIZWTH AUC K 0.944,

THBA L B ELT USP14 Al GRB2 B2,

$£75 USP14 Fil GRB2 *f T2DM Jf & LEAD HA —

FERIZWHIHE
L8 LRTik, 4 T2DM Jf % LEAD M # I 7%

USP14, GRB2 /K-F-Jt, I HHIKF-BE LEAD 73

FAE I, AR &4 T2DM Jf & LEAD £

W BB FE bR, AR AR R ZAL, T REA R

B, WREREESS R —E Wt , O HLE AR

HrifiL 7% USP14 Fil GRB2 7 LEAD H ) ELAA 1 AL

il JE A TR — PSR
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