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Combining Bioinformatics and Molecular Docking Technology to Explore the Target Protein Markers for
the Treatment of T2DM Based on Hepatic Gluconeogenesis Inhibitory Strategies

ZHANG Yan, ZHANG Guixian, YANG Zibo, LIU Qinghuan, ZHANG Ting, LIU Weiwei, CHEN Guan, FU Yu®
(Tianjin Institute of Medical and Pharmaceutical Sciences, Tianjin 300020, China)

ABSTRACT: OBJECTIVE To screen the marker target protein of type 2 diabetes mellitus(T2DM) based on hepatic
gluconeogenesis inhibition strategy. METHODS The microarray data set of human liver tissue was downloaded from NCBI
database, and T2DM susceptibility genes were screened by GEO2R online analysis tool. Gluconeogenesis related targets were
retrieved from GeneCards and OMIM databases. The interaction targets between T2DM and hepatic gluconeogenesis were
obtained by integrating data, and the marker target proteins were screened by constructing a protein-protein interaction network.
Gene ontology and pathway enrichment analysis were performed in Metascape database. The interaction ability between T2DM
therapeutic drugs and marker target proteins was predicted by means of molecular docking. Finally, the effect of the marker
target proteins in the liver tissue of spontaneous T2DM KKAy mice was validated by combining metformin. RESULTS A total
of 1 143 T2DM susceptibility genes and 958 gluconeogenesis related targets were identified, 56 targets of T2DM interacting with
hepatic gluconeogenesis were obtained, and two marker target proteins PTPRC and VCAMI1 were screened by network analysis.
The interaction targets were mainly enriched in glucose catabolic process, canonical glycolysis, glycolytic process through
glucose-6-phosphate, and other biological processes. And they functioned through the regulation of pathways such as
Glycolysis/Gluconeogenesis, AGE-RAGE signaling pathway in diabetic complications, and endocrine resistance. The 26
hypoglycemic drugs all had good spatial matching, energy matching and different degrees of binding ability with marker targets.
The blood glucose of T2DM model group was significantly higher than that of normal group, and decreased significantly after
treatment. The protein expression levels of PTPRC and VCAMI in the liver tissue of the mice in the T2DM model group were
significantly higher than those in the normal group, and they were significantly lower after metformin treatment.
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CONCLUSION This study systematically screened and verified two marker target proteins in human liver tissue that may
affect hepatic gluconeogenesis in T2DM, reveal the regulatory pathway of hepatic gluconeogenesis in T2DM, and provide a basis
for in-depth study of the prevention and treatment mechanism of hepatic gluconeogenesis and looking for new targets of

hypoglycemic drugs.

KEYWORDS: type 2 diabetes mellitus; liver gluconeogenesis; bioinformatics; molecular docking; protein marker
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FASP(A:178) X35, JufEAe Sy /R AL a2
1E LEU(A:12). GLU(A:142)F1 TYR (A:89)[XJ;
PTPRC HHA S8 Z, By st 2t G
J7 SAE T s O A L R, Herh S
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#1 {AH45 PTPRC 2 VCAMI E 41 7y
Tab.1 Affinity of compounds with PTPRC and VCAM1

kcal-mol!
EWAFR VCAMI XHESSGRESME  PTPRC MWE45 & BEMA
FIREFNTT 1.7 -1.5
WARFIT -6.0 -7.0
R A& ST -5.7 -6.1
A& G5 -6.8 7.1
/NBEDE 7.1 —6.6
B G i -71.5 7.4
SABE IR -5.8 -5.5
RN —6.4 -5.9
5554 -6.9 —6.4
21 P i3 -8.1 1.7
H Z1 -7.6 -7.8
6504 ik -7.9 -7.9
ZHBUIR 4.6 -5.0
BT Yl 7.4 -1
g2 7be) -8.1 7.3
KA i 5.1 -5.5
S -5 -1.5
A 51 R -6.8 -8.3
BER -7.9 -7.1
HRk& 51 2% -7.2 -6.1
FAIRH IR —6.4 6.7
Fit# 5% 6.4 9.0
HIRFNT -6.8 -6.1
B %5 -6.5 -7.8
i 57) EER -8.2 9.5
KA B —6.4 -7.0

SRR . BRI 2 R A e
17 [ M 55 A 75 SCHEHE 5 PTPRC Ml VCAMI (136
PR DX 3k, T R HE AR A FH R SEEAR SC A )
A, R UEE PTPRC Al VCAMI 7E T2DM
PRAIT T A EZEH, 5 LR ras R —
., WEN T2DM 2 WrFIGaY T i SR A .

2.7 23 IR RN 1 AR A

S IEE X R LA, BRI /)N R s T i b
FHN H4>7.0 mmol-L™', FHH Ti% T2DM R
AR TR EY G B2 g R, A
SR T T2DM —Z 25 H BA A = AR iR
FH I Z H RS E 7 T e A a5 A . 45
RIET AR B 2 TR, HAx T R
5B AH e B M 25 5(P<0.01), IESE T
WS AR GBI, 25 R L3R 2,
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N T BRI IR AN A7 RS /0N BOR i 2
(T A2 B R, BEAT T RO i A ‘EIE“‘%“XHL
HRALAH L, BERLZH B AUC REER I, KUH
W 52 68 ) i & R SRR 1L, 1RYT 4 AUC
WERRNL, MR Z A RE R, RIS
A= 2R 2GBTS DL 1 A B U815 RE 145 B4
ks, AR 2.
w2 ZHEMERDRERE(XLs, n=5)

Tab. 2 Fasting blood glucose and oral glucose tolerance
(xxs,n=5)

2057 25 @ 1L /mmol - L' AUC/mmol-L~"+h~!
1E X AR AL 6.16+1.00 30.31+7.64
HEIRIZH 14.06+2.93D 81.61£5.07V
RITH 8.18+1.22% 64.05+7.90%

W SIE#XTER E, DP<0.01; SEHEIALE:, 2P<0.01,

Note: Compared with the normal control group, "P<0.01; compared with
model group, ¥P<0.01.

2.8 WHFEAREE (17E T2DM /N RIF 8 9335
KT RAEpRE AR H PTPRC #il VCAMI
£ T2DM KA FRIT R EH, AR R
Western blotting X HAE [ ik /K 54T T80,
gEHLLE 9, IEH X IR4] PTPRC Fll VCAMI AYAH

R E AR T2 2022 4E 8 45 39 45 16 1
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Fig. 9 Expression of liver associated protein in each group
Compared with the normal control group, "P<0.05, 2P<0.01; compared
with model group, ¥P<0.05.
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XF IR EA AN 0.14+0.03, 0.40+0.09; 5 iEHXf
MEZHAR L, AL 2H 2 PTPRC Al VCAMI 1Y
X RBEHBEF G, 4008 0.76£0.17
(P<0.01), 0.75+0.12 (P<0.05), PiHH 3 15 i
IG7E T2DM W= AR s 2R R, —HXUIGATTY
Ji, PTPRC il VCAMI [N} 33k B 244 i 2]
B RRAR, 2091 R 0.35+0.10(P<0.05),0.52+0.05(P<
0.05), % B JHHE S A= 25 A 2 4 — W SUNYR o7
T2DM fEH I & #EnT il # 6l PTPRC Fl VCAMI
IR I AL, WF5E & 3K PTPRC Fl VCAMI
257 T2DM RAEFRITH 2R, IER R
B R AR, FIRBL PTPRC 1 VCAMI
£ T2DM Wiay7 M A EZAEN, Bk T Liks
T
3 g

JHBE AR T T2DM A — AR s PR RE
W& HETIRIR LiRYT T2DM 25910 =240 i 1,
JH W S AR 32 Z LM BAE R AR, e b S 2R iR
e, R R T ANE 0 A B, R A A
i EAE T2DM RN A, AR T D2
4 2 RE A A A AR WS B4 0E5E T2DM AR
ML R Wbr B R T RetE . ARIFRLE A
FIFHAE Y5 B2 R X T2DM B AT 214U R 20
B TN 4 - 5 B R AT s A o A, X
et 56 1~ 5 T2DM W A= 25 UIAH G &) 18k
ZE S FGRMO R, FEXTIR L 0 R AT T A
RN & 40T o P9 A B 1T S A O ke
H ) T2DM FESEE H BEEPE KT A R AL
TR MOAEOE . BRSNS AN sy, IF
HAZRAYGYE, HAE T2DM S A O H
BN EL TR EIERZIRE N kT
TEPE . EEERCIARTE T R SR 5 DNA 256 DL
MR A2 AR MR A, ISR A A AR R
PETE A B AR X o-pT 40 M 345 1 TE 4 . A
AN IR A TS M S T L A -2
PR E VRS | R A ORI A
AWt AT, SRR S A S N, R
M) T2DM ZEFE, A, BFFEE & Bk BE 0k 4§
SR AT T2DM A S A S 9 B E A S
FOXF 1 BUBERP I . BRI AR A . N
WAL [ A5 R UL AR PR 15 8 B R A G
5 OO R | G RE B AR . A A AH
AW FE ARG O, SR MM EAEH . 2
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DIEIVATT (25 5, [R] R0 BH 3k 2045 55 5 S H ¢
B 25 R T T2DM i & s L B =
BBk

JT T4k T2DM B wbeEY, AT
W Z R MG T-Bodt 56 22 F 48 53547 T PPI
T IR T OGR4 SR R e R S
A2 4 T2DM bRl tE#E & 1 PTPRC #
VCAMI, W35 554 MR IAME A g2 T2DM 7~
A AL (K] 3). PTPRC 37 (A8 ik 52 R 26 1
BEIREG C, HATXTE st 24 7E A Bt
RIS A T T, A A WE B R R
PTPRC 5 ¥R B>, T2DM Fii ke i1 V& S AL
HilA o, HE/ R TFHELISHsE )2 E, HAE T2DM
H ST 5 iE— 2B BF R RIS IE . VCAMI Sh Il
AR > T-1, RAEREHBRIEN—R, &
SR LA SCHR B 7 FEAE i . ol 76 &t e ) S5
W RiES T2DM 1 &4 U181 (B HAE T2DM
W2 B R 5T, H S5 R b i
KAWMAKR WA FHRIE . Fk, PTPRC fl VCAMI
VENFETFHFRESAEIGY T2DM BT AE A4 Wb i
Yy, HAr T2DM JF4ZU i BARYE A i — 25
SIS UE

PR B 58 R B0, Il R R FH %) R 24 —
MUK MR E RS | RRAIRS L R A ) 5 AN
TRRFERREG-4 MEIRIGEAE, Y RRNEE i PR
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TR R 5 A A L [ IR (R A 2 T R e R T A
L, ARBFFRERCT A3 FREHAEN 23 4
FDA #tui IR 259 S 3 ANk o S A (o
PR 2 AR T ) 7RO N B (Tl TR D A1) 7))
A R 2% (5 281 2 POTN i 156 1K) T2DM i 5+
A RER R AR B AT B AR, 45 RA 25 .
B 4355 0 05 35 ELA B A 1 % (] DG C A B 2 DC
DL RASRI R EWEE G a8, R e85
T AN S PTPRC Ml VCAMI S SEIAH A4

R TR R IR AR, AR ST AT
T H&ME T2DM KKAy /MR, SEHC T A0
il FFF 8 S5 A A P I — 26 B 24— BUICA IR 97 24
Y, sy AE R SR T PTPRC Al VCAMI
£ T2DM &4 KIRT7 Rl Ia IRk i . 45 R 8w,
T2DM j7HE )5, FEIMBE S5 F+ & 1 [FEF PTPRC
VCAMI Wik i E m , I HAETERTr 499 1
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