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Abstract  Proteomics is one of the most advanced fields and hotspots in the research of various diseases in
recent years. Its development has provided a new research direction for the early diagnosis and treatment of
diabetes and has achieved some research results. Early diagnosis is helpful to control the progression of the
disease or even avoid surgical treatment, which is of great significance for improving the prognosis of patients.
This paper reviews the current status and prospects of proteomic technology and its applications in diabetes as
well as its complications with a prospect of the impact of the rapid development of proteomics on diabetes and its
positive role in discovering more diabetes biomarkers. In the future research, more attention should be paid to
the interconnections between biomarkers.

Key words proteomics; diabetes; diabetic complications; early diagnosis; biomarker

This study was supported by the National Natural Science Foundation of China ( No. 81673340)

| EARASBEWRSE S AT A T M AR 11 TR KT | S 1 27 1
R s A T S LR S
HEFFOE LRI PR A BRI 1 B R R Sk

IR AR P Sl A m e ZeEeym. g AV (2-DE) LR ROR A (3% (HPLC) | RATI [H]
B ME A RIS R E B A BE (TOF-MS) | [A] i % 5 flAr 4 (SID-MRM) | >
S RN (R A MU 8 P RS SRS e eI ROV SN (SQ-MRM) AR I B A BR A

i EE 2019-10-30 “IEIEYEE  Tel:025-86185443 E-mail: changliu@cpu. edu. cn
E¢mA R B RAF AT B (No. 81673340)



FS51EE3IW

PR , 25 25 1 S A AR Do B R R v i) L 369

HC v i FH ) 2 X1 56 JE P D AR o A8 €
o XU BRI P kR — T 22 T R A 6 T BE I 145
A, A RIS B AT R A o dE 0
B2 PG 53 3 s AN TR A ity o 25 PF 22 [ 22 5 R 119
PE AT, 250 OO W) ) Lt — 20 RU3 T 36 BRE 5 P A
T B EE 5T AT S BN 2 R 2 2 (T 1)
195 BB A LU S R 3l A L R i T il R
G252 BT RE b 19 20 A, AR SRR 5 B AR
SR, DX 0 A7 o e e 1) IR e P D
PEATE PR SO T . BEE 2 AR RE Y B
TEASGZE T K, IFAT B e I (CPRMD) R o 335 322 22
A B E AR (SWATH) 7] LU AL SEF A
SN B 28 B AR A B A R
)25 Fof 25 PF T A AR 1 R X s A X KT 1 AR
b, AT A AR b S W e AR A B 2 A M (B A 1
BB IF BN B A T SR AR 1A

=

— BRI

VTR 2-DE
|
4] 7% %
% £ it
RN N BRNEN
SRR l | I :
ZIRAY lMS Edmanl% fﬁ¢l
R INEHERESIN
ZIKFS] ECRERG A M
[ JEK
P

BT 2 1 B DU IR HL Dk (2-DE) Kol s 2512
2 PEPRTS

1 BB R (T1D) J2& —Fi g v A B S e PE g
g, 2 FH TR B B 40 B, B 2R Ge A st A% B SR 1Y
HNIRIREE 2 (B B 2% A EAE SRS A7, 5 B
BEPRIR 10% £ 47 o 2 RS IR (T2D) J2& DA ik 5 1)
AEAZ 00 B R AP R N I S B RS &
AT Z | 52 J5 KA 16 2T B2 W AR K, 2ok (AR e
TG S22 FET2D RS R kR, R E
T2D 585 PRI 09 90% 2247 o Al bR Al F 0™ 8 Y
it B ) T, I H R 0 78 R O R R R
W B AET T RN EA . T A B

JEU , RIS I B AR C O BB, HA B T
AR 15 e L 2B A T T ARIG T, X T s /R T
Ja HA BB S M E B 1 K Rt i R
T IS WHR B T RIS 1) K nT fE

3 ERRAFERRBEREFLAE

3.1 &G RUFTENKRD LS ImIE AR
W 6 5

H AT, 76 I PRAE IR & 7 i T 30000 2 15 4 A8
T1D KU A o Ay 12 2 00 S J 2 A B i 1) 1
PrAAD X e [ B TR A A R R
(GAD) [ i 2 PR W PR il (TA-2) IR 5 25 DA ML
AR ZnT8 45, JXAF 247K B Brpu ki i o
AEC RO & (H IR AR B A 1 5 B B oA B 4 52
REFVERZTID, M B TID H RS [ FPiikny sk
9o VE FH AT SR e LR 48501, iy DA JIG ik 35 FLI T1D
1 KA (AR AR SR G A 2 1 B2 A s R e
XFFTID 2 WiiA TR it . Soggiu 4572k
FH 5 43 3 23 0 ) 5 i FEL YK 43 5 T1D BB Mg e 37
R MR E A, I it LC-MS/MS BEA7 43 #r , & 0
P& 1) IR 26 1 Z [BIAEAE 22 5, Ho Tamm-Horsfall
PRAEFE I AR AL ERIE 1 E L o2-Ri B
FREE A1 ) 700 R0 A AMATR 5 25 1 CD59 % 5 Fii 11 BT
TR - 1R 1 BE-a2 B T Lo 1B B
AL L A 4 S A MR A ek L.

Huth %5332 F 28 1 IR 4H 2456 5 T2D B K
W12 Wikl C i B BT AT T4 . BIBABERR T
892 ZAFMSE 42 ~ 81 % Z W] [ 52 i &, Hp 45
123 {3 T2D H & A1 255 157 WHO 5 SCHHE TR 9 1 191
B T H R ESS AR R L E R K
(MASP) 7K F- 5 T2D Fiiy 55 85 bR 9 2 IEAH G . B
KR 5 T2D A2 A, MASP IREXE (HR
ATV BB 1 C-IT A C S 26 45 5 iUs A
Koo IXLERFFE R (TR L 254 s 14 500
AR T —ASH B 7 1) o

AR R BIBFIE R BT, T1D (1) & A4 5 AR iE s
BEIUHZ T B2 A1 B 2195 7 (group B Coxsackie virus-
es, CVB) R L R %Y, Lietzén 55 F| I T
JTE ()RR AL 2ATFSE T CVB RSy N\ B AR 40 i
Jei X 40 P B 3 R A I s ), R B B
— RN Z WAL AR R M T 2 RE AR
W WA T LA BB B S N B T 2R



370 ‘1’ & A X # ¥ it Journal of China Pharmaceutical University 2020,51(3):368 — 373

51 4%

Ko EMFIEEE SR TID B9 #E BOR AL AL T (5
SR 5 JE B

3.2 RO RAFENERIRI K IR WP 6 R
3.2.1 HERAALF B E (DR) R L fit
Jpa 7% (DR J2& FhOBE PRI 5 1 1985 DLt 4 0 R A
T R 2 I A T, LR 2 AR ) R e 1f, LA
Qi 730 37 3N, = BN T1D S35 4L ) 460 3
R F LR, EAE— 8 TR b 5 25 e ik
90% A BE R S DR AT LAAE A AR o] ™ 5
FER GO T &, 5 R e6R , B AT R 2R
T V5 2 PR D) B ' 9 AR R B 3 A L P T R
AE SR B, D0 AT 3 o 9 T RGeS R Gy
IR 55 000 R S5 o8 A8l I DA i bR sl e
FA . I DR BRI & P2 S H 5, ik 7 R
PEDR (2 WA i o Jin &S gEAT T T 4 i
()8R 1 4 2A T, LA E DR i b .
T8 {8 1 SQ-MRM F1 SID-MRM 43 A4 FR 975 TR 94
FEE A8 P8 R v A 1 g 400 D S A )RR
M350 7 4R 0 IR E H APO4., €7,
CLU FITIH2 , ATAE R 51 DR (4587 B AE Wm0
FZ I T B KW B A R AT — 2D 50
WE. BRMEZ AN,  FHBTAERAERE RS A
AR 85 04 B BT B G AT Bk R A A
Yt AT ARUR A B TR A2 W, R TH VR AR 5
2 2 0] DUAE A — Bl A 00 3 B R A T 2L
Csosz 3 7E B — Z2 40 Pl F sl g Al #5485 &
TH IR S0 AL 24 v 18 PR R o g 2 0 2
BB R R R o A8 R R AL 2R ARG A
THWR, 20 %0 22 8 11 SR R o I s 0L 1) s
o 28 A [ B B 1) 1T RE AR AR AR, Tk 264k Wb
B REAS M O A 19 DR RSN I 25 o
3.2.2 HEAom B s (DN)  HEPRAE ER (DN) 2
T DR Ao 5 e 4 PN 7] 20 - 17 5 | A A ™ O R
FE BN &Ik B AR R DL R
PRI E DN 4GS A9 I DR 52 B A 5 v, PR 1
HEE(MAU) REE R OCE B, SR, U5 4F 2k AU
F-T MAU 2 DN B )7 32 B B BE . AUAA MAU Y
A X6 7K AL 5 DN il & AR Fdk A 6 (B H:
A il = YA 150D PR 95 B %) BRI R S
P23 de Boer 25 2464 J g 5 il A0 A i 1 06/
W PRI T 15RO &0 AT 2 (DCCT / EDIC) f
FEi AL T MAU 58 2840 5 K 1B R 0 0 kA=

AR FE . DCCTRANLEL T 144145 T1ID &
AT AL R HUBE R TR YT T E LS PE EDIC
WEoE e Xt 2 5 B AT R U, & AR RRSE 1 MAU
KREZ I, B AR g B4 a0 Jr R R AR s A
] B, At ) 8 22 A 5% & B LB RN R A
T1D FIT2D & L B A RIS >, I, X
SEAFE 5T F B MAU A REASJE 58 DN F J& i) B AR bR
AR, BLAR B L 2 B 2 T K 40 M RE VE
P WIHE PRI B A S 05 (B R 28 g7 b
O IFAGHE AT E ISR T, FrLL, B MAU I
B RS T SR e A R AR R AE A
Yrbr &Y H T DN R I2 17

PELA Z R 58 8 A R4+ 09 J5 %5 FH T DN
W, U 2-DE \LC-MS/MS | 3 Ji 4 Bl I8 fife W Ha 25
AT ] B AR TR A AR R R A
FARGEPY, Hirao 5573# i LC-MS/MS Xf T i i 1
PR B PR S5 A R R 2 3 1 IR AR 1 T4
PEAT AT 40 M7, 2R FH JC AR 10 2 a2 o 1k A3 PR AR
T 43 0l o fede 5 37 33 PR 1) 942 i R 11 o R
VR E DRI P 1Y) 645 TR 1 A 7 28 28 A AT, 18
2 A S E R E AR R E T UE N, A
327 PR I T Ag R AR 1, 30 AR 11 A
PRI R E R 1Y, IS AL 615 Fh 2R (1 ™,
3 3 P00 2 S R R R N DR A 9 T K
S [ AR A A%, A BT L& BLA T DN R 0112
Wi A AE bR i . DN M G 2R 11 424 5 vk A F
FERF DN 5 B A T 27 () B e R0 A 56 A W s i
W1 S R AL B T S

1000 -
900
800 -
700
600 -
500
400
300 327 615 30
200
100 -

0

No. of proteins

HV DM HV DM
B2 IR (DM) 5 RS2 (HV) 22 5 408

3.2.3 AR S IR (DC) O I 0 B 45 b

PRIG L UG O IS B F 2% 728 i I s LA K e
PR B ks JIE 95 28 25 B0 R 3 109% 1) T1IDM SR & 7



FS51EE3IW

PR , 25 25 1 S A AR Do B R R v i) L 37

40 % Z LT B/ (Akita Ins2WT/C96Y)
ML T A TIDM BEJR 1/ AR RS, HAE S
Sl 2 B S A0 E 2R 4 L 25T DC Y BRAR AR
AL, Dewey 3V X Bk H /N DC 1 & A 3047 T F
F¢, FTChRic 8 S 412 AT 5 8 22 A0 PR 7N BR
F9C JIFE LA 6 28 AT REAE DC B B A 31 2 v i 56
YER B o . 72 0B B, AT & 81 GANC.,
PLEKHN1.COLIA1.GSTK1 . .EPHX2 %5 9 fip £ ki 1A
B BLAERE IR /N B TP fEAE 22 7 3R 3K, qPCR 45
R, X BeAR Al 32 B A SR AR SR B Y . AR
EPHX2 K A58 v A 0, AR 3 R RIS 4 J8 3%
IRV 22 57 FESE 5 JERIER 12 ) 43 ) 388 fin 50 9%
100% o BEAN, Gy BRI I 7 12 J 34 Bk /)N B i
A LA 40 By EPHX2 2w s i) T i v 2R S8 Ak K fi
it (sEH) 84 /124 100% (P <0. 01) . WF5E45 R0,
sEH (3 finJ& DC & e iy DR K 25, X itk sEH 7]
1E DCIZW T AE AR

3.2.4  HEhyA R B A Z0mE (DPN) 4l BRI A [
PR 299728 (DPN ) 2 WE PR H UL BB L4 O A | e
% 34 1015t 97 RN SRR 0 XU, |, I %o A= 37 o f
A TTE IR, X DPN R IR AL AR 54 T
TEAR KRR FREAG T HARORIT M L e, —Seaft
T, A0 R 2 R BRI 7 5 R 1) 4R
IR DPN (1) 25, Zhang 557 F I 2R
P 5T 20 27 3 Bir ok A4 28 11 55 09 22 A R i 58 DPN
(9 2 ML K & 7 (TLN) X HOA YT IO ROCR . F)
FHAR X A4 3t 2 T Anic GTRAQ) 5 82 BT 1% B HH
X TLN A7 41K B 50 B2 K BRI T 28 1 e
E LI, R BIRT 4R B R B ALK BROAE LA
388 ik 11 25 K Gk, Hirh 176 Bl R I, 212 F
P o XK R T 43 R A 11 R bR R
T (LR 2 G T4 B (53R C b i 2, 52 Sk iR
il LR AR A T NADH-5 i Q i 7 il 5 45 )
Z RN FLIA 1M 28 TLN AL BRS A7 4 Fh (5 (kA
BEW A2 Cib R 2 ZR RS &9 40
L3R C i J B 1 A e H Bk A P i A i 451k
Y ) w0 i | WX 4 FP AR 15T g TLN iR
S PR, A B R A Ok R DLk b
PRI i — RGN SRR AR T A2 B9 52 0 1 3k 2
ORI ER 1 AR Th AT LS Bl i R 58 903 114 2 Ja #IL 1
FFuf AR IR S .

3.2.5 JE4R BB R 9m (GDM)  4F 8% 1 8k R %

(GDM ) J& 35 4 W 300 11 B A% A S, A R = b
LA IA A FF0E 2 — , Hoxt TRE A 7 5 A AN R
SN i PRARIE R GDM 77 10 B O R Kk
o 6 S A8 2 Y ik R T 7 A L T A R
e, HT O IR LA & Z 6L, Ak
AR Y SRR TN L ROl K AR R R 1 1T R
PEVE R o BT BT R A R A R A T AR I
PR GDM fifi 25 , R & e GDM U A 22 1, i )
HAS W Ry, SO ok R B s B 2
YEA . Kim Z55 BEHLE SR 12 4476 24 ~ 28 22 JH 912
WA GDM A 282 43 A Ry s 191, 9K i 328 O[] %5
Y 16 ~ 20 22 Ji 4 5 22 10 i v AR D xR 58
SELDI-TOF-MS £ AR #4785 11 i 20 7 43 A, i B AR
A GDM B 104 #ifg 8 1 C K FAH o B8 4H f 2%
ThE o BRI, A R R R 10 L BE AR N AE
16 ~ 20 JE B C S AEE A Wb 4, Rt ff o 2
J A= W R A 1 T GDM Y S 01k T e 4]
(RLiOE

4 B E

T A O R A B A B 2 T 5T U T R
TOHTRIALES | A M AR A 4R A I T R, e DR
PR i PRATE S St 1 5 A Jy 9 TR LR )™
Wl 9 L A5 o ARAR AE R SRILAR R, B G v B
IT I, T LA PR A -4 ) ST 280, M A
Ao By HC I S M 3 Wl PR R A 8 A T B
U BARER H AL TR RO S R A
(7 B A BEEE A E- f LAL LA T T 2 B
— 8 R, O 28 A b S ok B,
173X LEAR 2 PRETE I | 025 R DR I S5 AR 19 1l
PRAR S Pl 3 SCBEAE Y o SR, BAR AL
FHARCRWE R ZEN A E R — L
ALRSL, G HE A Jg i Ak TR0 9 B B, B R VR 22 3Tk
e B Ao i A= Wy b AR W A5 R A O (HAR DA
B7F 5 1K ] ] I Ak 22 o A B s 75 0 L R X 2641
KAWhREW) b i A IR (BB Ui
SR H R AT SRR B S ot DL 5 B
AR HT B R Al B B 5 Tl H R
R, FAE B2 22 TN 25 W) O D 25 45T 8 14) o Tl 25 B
TNz o AREAEA A BH R, RALEEE T B 9
A B A T7 A R S I R A 1Y
BT 07 T R A RAEH]



372 ‘? @ R # X # 2% 4t Journal of China Pharmaceutical University 2020,51(3):368 — 373 51 &
S # X W inflammation: novel therapeutic targets [J]. Middle East Afr J
Ophthalmol,, 2012, 19(1): 52-59.
[1] Mauvoisin D. Circadian rhythms and proteomics: it's all about [17] Whitehead M, Oshorne A, Widdowson PS, et al. Angiopoie-

[2]

(3]

(4]

(6]

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

posttranslational modifications [J]. Wiley Interdiscip Rev Syst
Biol Med, 2019, 11(5): e1450.

Vaudel M, Barsnes H, Rader H, et al. Using proteomics bioin-
formatics tools and resources in proteogenomic studies [J]. Adv
Exp Med Biol, 2016, 926: 65-75.

Joubert R, Strub JM, Zugmeyer S, et al. Identification by mass
spectrometry of two-dimensional gel electrophoresis-separated
proteins extracted from lager brewing yeast[ ] ]. Electrophoresis
2001, 22(14): 2969-2982.

Chen GD, Pramanik BN. Application of LC/MS to proteomics
studies: current status and future prospects [J]. Drug Discov
Today, 2009, 14(9/10) : 465-471.

Csosz, Deak E, Kallo G, et al. Diabetic retinopathy: pro-
teomic approaches to help the differential diagnosis and to
understand the underlying molecular mechanisms [J]. J Pro-
teomics, 2017, 150: 351-358.

Haythorne E, Rohm M, van de Bunt M, et al. Diabetes causes
marked inhibition of mitochondrial metabolism in pancreatic B-
cells[J]. Nat Commun, 2019, 10(1): 2474.

Mohan V, Radha V. Precision diabetes is slowly becoming a
reality[J . Med Princ Pract, 2019, 28(1): 1-9.

Wang Y, An HY, Liu T, et al. Metformin improves mitochon-
drial respiratory activity through activation of AMPK [J]. Cell
Rep, 2019, 29(6): 1511-1523.¢5.

Khan RMM, Chua ZJY, Tan JC, et al. From pre-diabetes to
diabetes: diagnosis, treatments and translational research[]].
Medicina (Kaunas), 2019, 55(9) : E546.

Metz TO, Qian WJ, Jacobs JM, et al. Application of pro-
teomics in the discovery of candidate protein biomarkers in a
diabetes autoantibody standardization program sample subset
[J]. ] Proteome Res, 2008, 7(2): 698-707.

Zhang QB, Fillmore TL, Schepmoes AA, et al. Serum pro-
teomics reveals systemic dysregulation of innate immunity in
type 1 diabetes[J 1. J Exp Med, 2013, 210(1): 191-203.
Soggiu A, Piras C, Bonizzi L, et al. A discovery-phase urine
proteomics investigation in type 1 diabetes[J]. Acta Diabetol
2012, 49(6) : 453-464.

Huth C, von Toerne C, Schederecker I, et al. Protein markers
and risk of type 2 diabetes and prediabetes: a targeted pro-
teomics approach in the Kora F4/FF4 study|J ]. Eur J Epidemiol ,
2019, 34(4): 409-422.

Lietzén N, Hirvonen K, Honkimaa A, et al. Coxsackievirus B
persistence modifies the proteome and the secretome of pancre-
atic ductal cells[J]. iScience,, 2019, 19: 340-357.

Lutty GA. Effects of diabetes on the eye[J]. Invest Ophthalmol
Vis Sci, 2013, 54(14): ORSF81.

Rangasamy S, McGuire PG, Das A. Diabetic retinopathy and

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

tins in diabetic retinopathy: current understanding and thera-
peutic potential[ J |. J Diabetes Res, 2019, 2019: 5140521.

Jin J, Min H, Kim SJ, et al. Development of diagnostic bio-
markers for detecting diabetic retinopathy at early stages using
quantitative proteomics [J]. J Diabetes Res, 2016, 2016:
6571976.

Torok Z, Peto T, Csosz E, et al. Tear fluid proteomics multi-
markers for diabetic retinopathy screening [J]. BMC Ophthal-
mol, 2013, 13(1): 40.

Hirao Y, Saito S, Fujinaka H, et al. Proteome profiling of dia-
betic mellitus patient urine for discovery of biomarkers by com-
prehensive MS-based proteomics [J]. Proteomes, 2018, 6
(1): E9.

Campion CG, Sanchez-Ferras O, Batchu SN. Potential role of
serum and urinary biomarkers in diagnosis and prognosis of
diabetic nephropathy [J 1. Can J Kidney Health Dis, 2017, 4:
2054358117705371.

Yoon JJ, Park JH, Kim HJ, et al. Dianthus superbus improves
glomerular fibrosis and renal dysfunction in diabetic nephropa-
thy model[ J |. Nutrients, 2019, 11(3): E553.

Thippakorn C, Schaduangrat N, Nantasenamat C. Proteomic
and bioinformatic discovery of biomarkers for diabetic nephrop-
athy[J]. EXCLI J, 2018, 17: 312-330.

de Boer IH, Rue TC, Cleary PA, et al. Long-term renal out-
comes of patients with type 1 diabetes mellitus and microalbu-
minuria: an analysis of the diabetes control and complications
trial/epidemiology of diabetes interventions and complications
cohort[ J]. Arch Intern Med, 2011, 171(5) : 412-420.

Son MK, Yoo HY, Kwak BO, et al. Regression and progres-
sion of microalbuminuria in adolescents with childhood onset
diabetes mellitus[ J]. Ann Pediatr Endocrinol Metab, 2015, 20
(1): 13-20.

van JA, Scholey JW, Konvalinka A. Insights into diabetic kidney
disease using urinary proteomics and bioinformatics [J]. J Am
Soc Nephrol,, 2017, 28(4): 1050-1061.

Moresco RN, de Carvalho JAM. Applying proteomics to diagnosis
of diabetic kidney disease[ J ]. Expert Rev Proteomics, 2017, 14
(10): 841-843.

Harpole M, Davis J, Espina V. Current state of the art for
discovery [J]. Expert Rev
Proteomics, 2016, 13(6) : 609-626.

Papale M, di Paolo S, Vocino G, et al. Proteomics and diabetic

enhancing urine biomarker

nephropathy: what have we learned from a decade of clinical
proteomics studies[J|? J Nephrol, 2014, 27(3): 221-228.

Wende AR. Post-translational modifications of the cardiac pro-
teome in diabetes and heart failure [J]. Proteomics Clin Appl,

2016, 10(1): 25-38.



5515 3

PEA , 45 - 3 U A e PR S H R o 9

373

[31]

Dewey S, Sohal M, Gomes AV. Proteomic analysis of Akita

mice reveals 9 proteins altered during early stages of diabetic

biomarker discovery in gestational diabetes mellitus: a review

[J1. J Proteomics, 2015, 127(Pt A) : 4449,

cardiomyopathy[ J ]. Biophys J, 2013, 104(2) : 313a-314a. [36] Kim SM, Park JS, Norwitz ER, et al. Identification of pro-
[32] Pai YW, Lin CH, Lin SY, et al. Reconfirmation of newly dis- teomic biomarkers in maternal plasma in the early second tri-

covered risk factors of diabetic peripheral neuropathy in mester that predict the subsequent development of gestational

patients with type 2 diabetes: a case-control study[J]. PLoS diabetes[ J ]. Reprod Sci, 2012, 19(2): 202-209.

One, 2019, 14(7): e0220175. [37] Seyhan AA, Carini C. Are innovation and new technologies in
[33] Hosseini A, Abdollahi M. Diabetic neuropathy and oxidative precision medicine paving a new era in patients centric care

stress: therapeutic perspectives [J]. Oxid Med Cell Longev, [J1? J Transl Med, 2019, 17(1): 114.

2013, 2013: 168039. [38] Viizthum F, Behrens F, Anderson NL, et al. Proteomics: from
[34] Zhang TJ, Gao YB, Gong YB, et al. Tang-Luo-ning improves basic research to diagnostic application. A review of require-

mitochondrial antioxidase activity in dorsal root Ganglia of ments & needs[ ] |. J Proteome Res, 2005, 4(4): 1086-1097.

diabetic rats: a proteomics study [J]. Biomed Res Int, 2017, [39] Colhoun HM, Marcovecchio ML. Biomarkers of diabetic kidney

[35]

2017: 8176089.
Singh A, Subramani E, Datta Ray C, et al. Proteomic-driven

disease[J]. Diabetologia, 2018, 61(5): 996-1011.

NI ECe TR RO E 5 o= X TR I TR e TR O

20204F 5 H 30 H , A3 B UAt 2 ORIBEES i R BB R AR | 55 Bt [ BT 2R 10 5 28 A 26— A R QR e R
LR AAEA B2 AT, = A S (BRSO QR I BASE 101> T BA RS 4 G117 4 e hit, T (45 28 S4B T AR
TR RE QISR T, T 20855 258 LR TAEE RG2E AT A e XK . AR E gL LB LA Z5H
RARLTW) TR s AT 58 AR AR 4 [ BT 4 S 2, W i T R E AR 4 e 2tk

A E RIS T 2017 AF 0T, B = AR PR — IR, R AR E K A ARRHE R E R LR ERREFRR R
Jei » B GBS 9 S — ORI, R AOK T H R SRR B — DR AA R, B 1RSSR AT S AT R
R E RS LRI R AR A FHE Bead £3 IR 5555 07 A ) 5L AR T ik (9 08 75 BB AR A 55 A
AR S PR R BN T A B A R 5T B e 8, SRR e 5 7 S R i 2% 0 A o i Sk R TR

LA LR EARER 2RI  E RN H PRI SRR H  BE AR A B kA, B OB — I 2 # Rt
TR R R E 22— PR R E R AR SR 2 EEF BN AR 55 B E AL 0L 2 A R A R K 2
AT R U E TS 22 2R B H A48 G R R AR EATZ 5 Chinese  Journal of Natural —Medicines 34 .
(P EAR R E 2O B EMSFEFARINS . ZAERMIEH LA RN YL EAR SIS T 78 F N B A 25
Wi P RFF 5 AR , A6 I BroAS i R 2 2 ) R 3R 2 AR TB S 500 4305,y 2014 28 2019 4F 7442 6 4F b Bl e o | 22 . ARE Ak
BRCRWEF 1915, LASE— 58 AN SRAG E R B — 5% TR A R #HoR 885 Ha T B AR 4522 JfaR
RHFEZGRIH SRR Y AR E 2R

CRIR B HAL, AT A M 20




