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ST 2 MR SE EHAAE S FRT
HEE (E PR B SR AEBAL B 1R 1

R L, B 2 X AM L RBB LSRR LIKER LKA AFE kA2
(L4 ELTARER, T FEil 063000;2.57404 F 7 T AER, T4 FE 1 063000)

HE. BRY ®iT#H2e 2 28 A% (T2DM) B4 aFRadExa (Trx), RALROHMIERAEG
(TXNIP)K-F 5 #sh kB AFAAL(CAS )8 AR X M, J7ik R 2014 52 A 20155 11 A Tt B L o
AN ETR A5 b shi5ag 375 T2DM %4 160 BI1E A wm bl 40, AREF AL F AT LEREEF 54 T2DM
1% CAS 21 (CAS 28,n=65 %] )= T2DM R4 CAS 2E(NCAS 28,n=95 4] ), B i A &[54 AR A P o3 i IR 43
Fr IR EATE 140 BIAE A B4 40, RS A AR E B (BMI) D45 /R (SBP) (477K R (DBP) k& 16
FREBER, 0= M ke (FPG), = MM & % (FINS) 4B 41 & &G (HDALC) X2 B B2 (TC) ., = Btk
(TG).ZHZEHEM® G (HDL) A% s & & (LDL) . B & ¥ pe &8 (Hey) , 3 SE e B 48 45 4 (HOMA-IR),
SRR B S 95 R & (ELISA) A fe 7 Trx JTXNIP 4%, K A M & £ Riktem i Trx Fh, 8 bLiE
# kg, T2DM %% FPG.HbAlc.HOMA-IR . Trx . TXNIP K -F 7%, Trx &K F % (34 P<0.05);T2DM %
# CAS 214 NCAS 41 F# %5 X ,FPG.HbALc.SBP. Trx . TXNIP K -F 4 & ,Trx E MW T (35 P<0.05); /£
T2DM &% % ,Trx 5 HbAlc £ EA8 %, TXNIP 5 HbALc.HOMA-IR 2 EA %, Trx #EH 5 TXNIP £ #i 48
*(35 P<0.05); /& T2DM & &, F# HDALC. Trx . TXNIP & Trx #& 4 A& CAS 9% v B &, 1 b F#b
(OR=1.134, P =0.032) .HbAlc( OR=1.275, P =0.021) . Trx( OR=1.532, P =0.015) . TXNIP( OR=1.731,P =
0.005)4 CAS & A6 B %, Trx 7 (OR=0.507,P=0.002)% CAS X £ M F B &, it #HiLw
T2DM % & ik Trx ) TXNIP Trx &5 3L CAS A%, 37 Trx 24 THAL T CAS A ARL .
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Association of serum thioredoxin and thioredoxin-interacting
protein with carotid atherosclerosis in newly-diagnosed
type 2 diabetic patients

Hong-rui Zhang*, Hui Fang?, Chun-mei Liu*, Yi-qun Zhao', Chun-xia Li*,
Gu-yue Zhang?, Dan-dan Zhang?, Lei Zhou? He Zhang?
(1. Tangshan People's Hospital, Tangshan, Hebei 063000, China; 2. Tangshan Gongren Hospital,
Tangshan, Hebei 063000, China)

Abstract: Objective To investigate the association of serum thioredoxin (Trx) and thioredoxin-interacting protein
(TXNIP) with carotid atherosclerosis (CAS) in newly -diagnosed type 2 diabetic patients. Methods Totally 160
patients newly diagnosed as T2DM in the Department of Endocrinology of Tangshan Gongren Hospital were recruited
and divided into two groups according to the result of carotid artery ultrasonography, i.e. T2DM with CAS group
(CAS group, 65 cases) and T2DM without CAS group (NCAS group, 95 cases). During the same period, 140 healthy
controls without T2DM from the Medical Examination Center were recruited. Data including age, sex, BMI, systolic
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blood pressure (SBP), diastolic blood pressure (DBP), fasting plasma glucose (FPG), insulin (FINS), glycosylated
hemoglobin Alc (HbAlc), total cholesterol (TC), triglyceride (TG), low -density lipoprotein (LDL), high -density
lipoprotein (HDL) and homocysteine (Hcy) were collected. The homeostasis model assessment for insulin resistance
(HOMA-IR) was calculated by FPG (mmol/L) x FINS(mU/L)/22.5. Serum Trx and TXNIP were measured by enzyme-
linked immunosorbent assay (ELISA), and Trx activity was measured by insulin reduction assay. Results Compared
with the normal controls, FPG, HbAlc, HOMA-IR, Trx and TXNIP levels in the T2DM patients increased, but Trx
activity decreased (all P < 0.05). Compared with the NCAS group, the patients in the CAS group were older, with
higher FPG, HbAlc, SBP, Trx and TXNIP levels and lower Trx activity (all P < 0.05). In the T2DM patients, Trx was
positively correlated with HbAlc; TXNIP was positively correlated with HbAlc and HOMA -IR, but inversely
correlated with Trx activity (all P < 0.05). In the T2DM patients, age, HbAlc, Trx, TXNIP and Trx activity were the
influence factors of CAS. Age (OR = 1.134, P = 0.032), HbAlc (OR = 1.275, P = 0.021), Trx (OR = 1.532, P=
0.015) and TXNIP (OR = 1.731, P = 0.005) increased the incidence of CAS, but Trx activity (OR = 0.507, P =
0.002) was a protective factor for CAS. Conclusions Serum Trx, TXNIP and Trx activity are closely correlated with
carotid atherosclerosis in newly-diagnosed type 2 diabetic patients, suggesting that Trx system may be involved in
occurrence and development of carotid atherosclerosis of these patients.

Keywords: newly-diagnosed type 2 diabetes; thioredoxin; thioredoxin-interacting protein; thioredoxin activity;
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carotid atherosclerosis

2 FUBE PR (type 2 diabetes, T2DM ) f&& — Ffi LA
AT AR AE AR, T ARk Rl & A 16 K
LR, T2DM 11 &9 AR i Tt KAl
FRRASPT LASE T2DM 25 T H B0 i B 400 1) s
DL M AS SE SR eI e . Sk R Ak
( Atherosclerosis, AS) 2 T2DM Jit 25 4 Ifil 45 I & 4 =2
—, WFFEHRI T2DM 3 &2 AS XU R4 IR
TRNTERY 2 ~ 4 459 205 R 8 5 80T Bk 3%
JR Bz — B, Hod 36 o) ko A i fk (carotid
atherosclerosis, CAS) 1F k4> & 3l Ik il fh. i) R I 2
—  HA B FR H 5 Tl i s A R PR A A
WA 2 5 B kAL — 4548, BT T2DM 5 JF
CAS ML A, 5 2R R AHC, AL E
I (Thioredoxin, Trx) £ 4t & — 1™ I8 75 40 i 48 fkads )5
RS IGTEAEAE AR R RS, 25 THUR
() AL I S R 2 R B AL O e R I 7
FERAE AL T R EZAE R, PUAIR S e
AR E A RGEANE YA, IR RGN Trx G
SR 5 (A AR 2 M (thioredoxin—interacting pro-
tein, TXNIP) K Trx I ¥ 5 #7112 Kt T2DM ¥ CAS
AR G

1 #ABEFIE

1.1 #WRIMK

VEHL 2014 4F 2 ] -2015 4F 11 (b4 fE
LT TS B N4 IR 2 1B 2 B T2DM B &
160 151, Y9554 1999 4E WHO R 12 Wikt . [ it
S B i o (ARG, v 8 B oA s e e AR 140 )

VER IE H % B r A AL S 29 HEBR LA R . O
2B PRGN s QBRI 2 SR IE ;@
S 9 NS A B e e M s @RVIR A 2 AR 5%
P05 8 A A5 PN A3 A AR DG B 5 DR AE T
I B R SR R R I SRR R
O©IEAERFH RAEMHI 7] BEpE2Y R 25 R a2 L
K4 2 CE Ak .

1.2 WHRFE

121 —#lE A A IO EBE R A O 2T
Bh AL G A M R EE 45 28 (body mass index,
BMI) . it 45 & (systolic blood pressure,SBP) . &7 7K &
(diastolic blood pressure,DBP) . Y Hilfs FRAS 5 25
e, 40 45 23 i 1B (fasting plasma glucose, FPG) %5
i I 5 2% (fasting insulin, FINS ) k1L 2185 11 (gly-
cosylated hemoglobin Alc,HbAlc). i fiH & (total
cholesterol , TC) . =t H i (Triglyceride, TG ) . /&1 %5 &
E7E 11 (high-density lipoprotein, HDL ) . fi %5 i Ji§ &
1 (low-density lipoprotein,LDL). [F] %1 it 42 ik
(Homocysteine, Hey ), AR 4§ [ 25 I i 4% (mmol/L) x 75
@5 % (mIU/L) +22.5] 1153 5 R A6 5L
(homeostasis model of assessment for insulin re-
sistence index, HOMA-IR),

1.2.2 i Trx . TXNIP & F & Trx FHian  MH&
H TR 6 ~ 7 Bl EER K0 6 ml, E R CE
30 min J& 3 000 r/s &0 15 min, WA [ WA
~80CUKAAT AR H o SR T BEEIK S8 WK R (ELISA) K
AYE Trx TXNIP i GAF & A 575 Abnova
) o SRR A IR A I I ¥ Trx 6 P4 (it 2
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JERGIN Trx XFE 5 2 A LB B 22 IA] R 6 B9 b JEAE
FH ) B i 3 5 98 5 25 (95 [ Sigma A /) (B SR
4 J5 i (thioredoxin reductase, TR)(3E [ Sigma 2y
7]) .NADPH( 3¢ [# Sigma /A #l ) — W5 , B br (SR
I 412 nm AbAEEEEE (optical density, )OD B, Trx 7
P =TR(+)% OD ff -TR(-)45'0OD fH.
1.2.3 #Haphie Binds RAZINRER AL s
PSSR TS 351 8 ok A RSREE . S8 3 2P
AL, S S A It 1) X, 5 3 2 i LS, %k A
Bl KR GRS 2 T BRI W s sh ik . S8l ik 43 X
5 K 3 stk , N 50 2 ik P9 s — P 2 TR R (IMT)
LL IMT<0.9 mm iZ2Wr#i gl ik iE 5 , IMT =0.9 mm 12l
CAS.
124 528 BKArA O R 5530 T2DM 40 FIIE %
4 5 A, MR AR S50 ko 75 A A 45 ok T2DM ZH 4% R
TG IT CAS 43 - 4H - T2DM 1 CAS ZH(CAS
20 )65 {5 F1 T2DM A f CAS £ (NCAS £1)95 14,
1.3 FitFEFE

i FH SPSS 13.0 Ei 4k i AT 4k Ab . IEAS
BRI = AR 25 (X + 5) R, FE IE A58 A
NEBCDU S KL al ) M(Q25, Q751w . Wi IRl
HPORHGECR ] ek g sl B R e, ARk AL
K xRS, B E AH 53 ok B Pearson %
Spearman 73#7 , 22 K A0 M Mk £ ok PR B
AW, FER R 2 A R AR &4 — % Logistic [1]
95341, P<0.05 MR HEAGI2EE L,

2 HR
2.1 T2DM AFMIEFEHAANAFHFBAIGKRKQLE TS
FRELER

51 % A K #% ,T2DM £ # FPG.HbAlc.
HOMA-IR . Trx . TXNIP /K555, Trx 164 T B (2

P<0.05), PHLAF#E 101 .BMI,SBP .DBP . TC.TG,
HDL.LDL .Hey 22 R Jegtit2# & L (34 P>0.05), U
1.
2.2 T2DM ## CAS ZH5 NCAS AAOF&E M
MIGEFREIEFEFREL B

55 NCAS 4H [t #5¢ ,CAS 4H . Z AR I 58 K L, FPG
HbAZLc,SBP Trx TXNIP /K4, Trx 16 P R [ (3
P<0.05)., M5 .BMI.DBP HOMA-IR . TC.TG,
HDL .LDL .Hey 22 54t it2sam X (¥ P>0.05), W
%2,
2.3 T2DM E#H Trx. TXNIP 22K Trx &S5 —
AT RR MR

AR ARG HT R B, 7E T2DM &, Trx
5 HbAlc (r=0.363,P=0.007).FPG (r=0.272,P=
0.032) HIFEAHZE,TXNIP 5 HbAlc (r=0.525,P=
0.010) .HOMA-IR(r=0.193, P=0.022) & [EAH 6, Trx
TS TXNIP(r=-0.614, P =0.005) & A%, &
2 TUENMEB A A AT A IE AR . 151 .BMI.SBP
DBP .FPG .HbAlc .HOMA-IR .TC.TG .HDL.LDL .
Hey . Trx . TXNIP  Trx % P4 B9 52 W J5 , Trx 5 HbAlc
(b =2.141,P=0.000) F IEAHCE, 5 FPG 1 #H &M 1M
2 TXNIP 5 HbAlc(h=2.513, P=0.001) .HOMA-IR
(h=1.472,P=0.025)F 1EAH I ; Trx {45 TXNIP £
A (bh=-1.718,P=0.014), VL3 3,
2.4 T2DM BEIEBKEEL B E = Logistic [E]
Y35 H

£ T2DM B, LIEE A I CAS NHA 4,
PL4E # . ¢ %] .BMI.SBP.DBP.FPG.HbAlC.
HOMA-IR.TC . TG .HDL .LDL .Hcy . Trx .TXNIP . Trx
T B2, 2 Logistic [0 47 & 1, T2DM £
FAEW (HDbALe Trx . TXNIP K Trx 1%t h CAS &2k
s m 2%, Hp 4% (OR=1.134, P =0.032).

#1 T2DM AMEFEAANOZERMIGKREIGIEIRIEBRER (Xxs)
ikl (G L7 B4/  BMI(kg/m)  SBP/mmHg  DBP/mmHg FPG/(mmol/L) HbAlc/% HOMA-IR
T2DM £ 160 51.81+13.72 86/74 2317+385 124.84+19.25 7952+11.68 8.27+1.14 7.93+1.02 3.37+1.07
ERAH 140  50.64 +12.35 79/61 2282+357 119.71+1588 77.19+1233 493062 532+057 175+0.42
t1Z x 2l 0.702 0.216 1.115 1.932 1.533 8.547 7.835 0.613
P{E 0.483 0.642 0.362 0.063 0.127 0.000 0.000 0.000
215 % TC/(mmol/L) TG/(mmol/L) HDL/(mmol/L) LDL/(mmol/L) Hcy/(pnmol/L) Trx/(ng/mL) TXNIP/(pg/mL)  Trx itk
T2DM 4 160  4.22+071 151(1.161.97) 1.09+031  2.60+051 893+1.93 154%037 70721835 0.85+0.13
IEH 4 140 414+065 145(1.051.88) 1.12+022  253+062 852+226 113+021 53.17+1627 1.08=0.11
t1Z x4 0.713 1.803 1.912 1.713 1.064 4.332 5.718 0.332
P 0.318 0.079 0.068 0.091 0.283 0.000 0.000 0.001
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fE s BRI 25, T Trx 3544 (OR=0.507, P=0.002) 4 CAS
KAERMRIHRZE. WLk 4,

HbAlc (OR=1.275,P=0.021).Trx (OR=1.532,P=
0.015) . TXNIP(OR=1.731, P=0.005) & CAS % 1y
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R 2 T2DM £ CAS A NCAS AAOFERFIEFKIEISIRLRER  (xzs)
215 15155 WL | % W4 BMI/(kg/m?)  SBP/mmHg DBP/mmHy  FPG/mmol/L  HbAlc/% HOMA-IR
CAS % 65  53.83+11.71 39/26 2335+3.91 127.64+17.23 79.74+1123 923+156 9.13+1.14 3.85+1.13
NCAS 41 95  50.35+ 12.47 47/48 2298+336 121.21+14.38 79.05+1247 7.15+041 6.82+0.77 3.01+0.61
t/17 x 2 {8 2.339 1.720 0.997 2.235 0.492 2.358 2.629 0.518
Pl 0.026 0.190 0.314 0.034 0.618 0.024 0.010 0.057
25 % TC/(mmol/L) TG/(mmol/L) HDL/(mmol/L) LDL/(mmol/L) Hey/( wmol/L) Trx/(ng/mL) TXNIP/(pg/mL)  Trx itk
CAS % 65  4.28+063 153(1.23191) 1.08+026 261+062 894+203 167+042 73.85+19.32 077021
NCAS 41 95  417+054 149(1.01,1.88) 1.09+019  2.60+0.71 893296 1.24+028 6518+1429 094+0.18
t17Z x4 1.035 0.653 1.275 0.487 0.311 2.615 2.725 2.817
Pl 0.302 0.512 0.214 0.619 0.731 0.011 0.008 0.006
%3 TX.TXNIP 2BR Trx &S Trx 2 —F A TR . B g
T2DM FEE — I BN T, B 5 Trx 35 NADPH 2 # i
- : Pl ZILEL A THWRREZENIEANIR RS, 25 T HIENE
b b P FEIETE AT LR Rk DL LR B i A | i 28
Trx HbAlc 0363 0007 2141 0951  0.000 AN FRE BT R Y WL AT A
PG 0272008 = T T R, IS i T T
T v o o WL o M. KRR O
Trx{EPE  Txnip  -0.614 0005 -1.718 0311  0.014 LEFNMLT Trx ACPIRE, S B LR RIL

& 4 T2DM E#E CAS B E =/ Logistic ElVF 4

TERF RS . R R AS 19 & 25 5 s 1 g T+
15 LA B R LA A 5%, PN R AR PR JRAE R T A S B
WE o> T RIRIR IS AS BRI R o M HLIR N Y

ol 95%Cl

g 0P WaIXE ORI T R RR S, Trx AT U i i A SR 2o
AE 0426 0052 5871 1134 0032 1021 1.493 & 3t 5] 35 B 06 1 % (reactive oxygen species,
HbAlc 0243 0109 4970 1275 0021 1058 1.480 ROS), 4l ROS A5 % 4 At 8 T-1%; Trx XJ 45 F
Trx 0427 0136 9.858 1532 0015 1216 1.889 B R RS HERA W R ER, B Trx o] DA E
TXNIP 0549 0211 6770 1731 0005 1329 2.164 V8 S A B AL (superoxide dismutase, SOD) i
TrciEHE -0.679 0274 6141 0507 0002 0.218 0.773

3 iTtit

WEDR I BB i B 9 2RO I IS Y A B
PRI, 20 I e 1 = & . IE QT & rh
i, CAS AL AT LA 4= B AS 928 A 155 O , 1 HL AT
DA Ay ik 7 £ 6 A1 28 St Fonml b £ 85 o ik L7599
a1 & A XU B, LT UKPDSERIFTE 2 445 3 403
Wi T2DM 35 2 48 B [R)RR B ) Rl A T
RAE, 1M MOSTAZA ™ 25 N B 58 & B i2
T2DM & # H CAS [ AR ik 64.2%., A I
CAS Kynfali &, FHATREMIGIFHAL, X T
T2DM Ui 11 4579 55 1 T o) 28 G FL L

mRNAM 8] #7516 SOD, M it 1A iy i Ak i
o B THUEALITERISN , Trx v LIJE T — 2o i T-%%
S5 DNA 454 s M, 1 NF-kB % 5% i 1k
14 1(transcription factor AP-1,AP-1);Trx ibRE S
P4 T 1% 5 i 1 (apoptosis signal-regulating ki-
nase-1,ASK-1)%454, 18/ INK 1 P38MAK i i i)
PTG, NI B R BER T o (tumor necrosis
factor o ,TNF o )T, ARWF5RE55 /R T2DM
i CAS AR CAS BB F I Trx AKFETHE, Uil
T2DM ff: CAS B AR NAFET Z AL, ok
Trx (7 AT e 8] — A AR R AP PE T . AR
T2DM J T2DM ff CAS H# IfL 7% Trx /KT, H
ARWTSE s HIZH A BE Trx (56 1 2 2 B AR A, I
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H5 TXNIP KR GAHK . NISHIYAMA Z504% 31
TXNIP AT LS Trx 254, ff Trx 38 JEE 4 0 B A1
Ifii T2DM 3% iM% TXNIP KB 8 I, Rk
T2DM B ML Trx 3G PEREAR AT AEJE TXNIP i ik
FFE.

TXNIP Fk &y 4 /£ & D3 I+ & 14 (vitamin
D-upregulated protein 1,VDU P-1), *-7E 1,25-
T R4ErEE D3 AR HL-6 4 R B BT LS
Trx 254 R M HF IR RIE M, BOLFR A B AR B
HE5E M, PR RV SR LGE 5 TXNIP &
K 8h b BB K Ak A 4 0 2 5T 44 (carbohydrate
response element,ChRE) %542k i TXNIP (5%
K, BEAMIC SR A 8t T DR 1 HE 3k 348 sl
T2DM A< B RN MM T, ELAEA B o™ AE
f— ZR G0 AR, DR A R 9 2 BRARE DR s h 4
ARG K7 S FEITXNIP KT, AR AR T
FIREREEIE . IR, —SUUEHE 2 A bR B e A
R S 509 ] R 5 TXNIP 235 19 F IR B UIAH G, A
WFFE 45 3 7R T2DM £ CAS & B Ak CAS ¥
I3 TXNIP 7R 85, JF H TXNIP & CAS &
A fER 2, 3R TXNIP TS 5 17 T2DM 145
S 0 S A AR L YD I ML AT AS B B o 0T 5 26
B TXNIP 3Rk 18 5 P9 K 21 B D) fig Fi 4% 25 U0 4
S0 ARG T LI AT AR T B A, 5
TXNIP ik L, il 4 TXNIP/Trx/ASK L i %5 | L Y
B 2 i 9 9 LA B A B 1) 8 Btk 43+ Cintercellular ad-
hesion molecular, ICAM) FlIfiL % 41 B ZH R 43T (vas-
cular cell adhesion molecule, VACM)f#3& i1, 1Mt 2k
TXNIP % K 7] DL ] TNFa 4 5 B9 ICAM Al
VACM A1 TFE 25 TXNIP 38 1 LA % s 4m il
FHDHI P9 B 20T R I F KLF2 B3k, esh, B
UEHEZ W] TXNIP 3o 63k AT L 7 32 3 SO0 PR P 1f
B A DI RE AT, SR P L TER TXNIP FE K AT LA
W0 RS T 1) DN B A0 S R R A R I O K A2
1, VR A N KA K 5 (vascular endothelial
growth factor, VEGF) (1) B LA il 45 3 A= 1 fig
71, HBH I = bES R A P R 40— E A ZUKT Y
T FEAT eNOS FAEHEIBEAE IR, e AT UL, TXNIP 7E
A PERAE B AR i 2 B A £

2 PR, I Tex JTXNIP Trx 3 M AE 82 e
T2DM 3 CAS (1) & K & ek f b ] g 25 d 22
FIVERT, X0 T2DM £85I I & B Bt FIVGR YT
PO TR R TRV E T BB 5, A

AEAR, B35 CAS MR KK Z , Hit, X F Lik
Trx Z24i 5 T2DM &I CAS R AEE R R K 2
A A] LUE 70 Trx R G0 R M 504 22 CAS (1)
KA FERFEA BT M ke i — 25 B A
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