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To explore the changes of the urinary proteome in DEN

induced liver cancer—inflammatory cancer model in rats

Wang Yunlong ! Gao Youhe*

(Gene Engineering Drug and Biotechnology Beijing Key Laboratory, Beijing Normal
University, Beijing 100871, China)

Abstract:

[Objective] Through the liver cancer—inflammatory cancer model induced by DEN,
observe the dynamic change process of urine proteome at different stages of the
disease.

[Methods] In this study, a rat liver cancer—inflammatory cancer model was
constructed by intraperitoneal injection of DEN, urine was collected weekly,
and differential proteins were identified by liquid chromatography coupled with
mass spectrometry (LC-MS/MS), and the biological pathways of differential
proteins were analyzed using IPA software. To observe the changes in urine
protein at different stages of the disease in the rat liver cancer—inflammatory
cancer model.

[Results] Fifteen experimental rats were induced by DEN to construct different
stages of the hepatitis—cirrhosis—-liver cancer disease model, and each rat had
a different disease progression due to individual differences. Each rat has
more differential proteins at different disease time points. The differential
proteins of different rats are enriched in the same biological pathways related
to liver injury, inflammatory lesions, tumor occurrence, and potential
therapeutic targets of the tumor.

[Discussion] We can observe different changes of urine proteome in each stage
of the liver cancer inflammatory cancer model, and different rats will have
different disease progression due to individual differences, which suggests
that we need to pay more attention to the individualization and accuracy of
detection in the future

Keywords: Proteomics; Urine; Inflammatory cancer model; Liver cancer



1 5|5

PR e ML IE Ja T AR R Y, AN A HLHIRIRY, #els s AL
PONYERFRRS AR B SR AR o PRI, PRIBCEE MVBCE PR S8 R B0 s R LAA )
AR, RFZYR RSO B E LRI 2 AR A RIBTIT, L4
FERAN MR Rl L I et IA AR PR P ORI T R 2 R R - AT,
PRIGE BA T K& ESEER AR m BRI, FRATUCN IR T 4R AE YRR )
RAF A 2R (L SR, af AR R R R A R, RS2 DR R
BB I 0T, i — 2B A (DEN) Stk E, AT DR
Folvfee SR A EL B T A, TSR ARAEL T N S MURT 58 1 A A58 A0 280 BT e ) — 25
AR, P AT RN B S AR S B S A S R

FHE 2 AR R — AR R, O R RS, AR AR, AR
FIBE T AA B U o AR, A R A, SRR ABTIE 62. 6
Ji, ST NBRE 58. 9 7, AR ARSI WA, JF AR Mg AL
e Je B =T XU T R A NS R RN A i o FRE e ) e A
REFRZ—, BFERAH 10 TRNET IR KA 22k SO AL, 5
AL SRS R B VAT 8 BASVE R R MERT 28, FH b S B B RE A PR SN FFET 1L
SR A5 EEARSC T, (Rtt, Rzl FaayT, WREHE EE N Ar £
REE A RAL B = EAE, T H AT BCE A e i,
T AT ) R A 8 T B ) — R

TR R, ANOE et A BUEY), T H R
AR B S WEIR TSR —, 'Y At W A0 b A A AR -
P8 = 2 WA i s 5 A A i 5 3, T DA 2 Sh P e DA S8 T A2
B B A RIS ], S — R ] SR e AR A

AHETTA, AT BT - A, AR IR B IF 7 BIEANF
I 18] 7 A AT L B R, o3 5 v A 2R A FR R AT 2 2R HE ) oK
il 72 KRR R LR o R WSO B A PRBHEAT S5 0 H - IR TUI 15 a3k P A v PRV
A B AL UL R SR AR A B AR A, DR R e PR 2 W T 2536 )T 4 R
TR IR B R AN

2 MBETIE

2.1 LB RERME

20 X 180g MIKEYE Wistar KR IW H b 4E B R L L0 A H ARG R A,
¥ 8 50mg/kg (A EAFE N BT = 2L WS E (DEN) IR VR, HAla) 3% e
12 /NI IE 3 SIS IE A . IR (22°C+1°C) « 1S H (65% - 70%) [IFRHE S AF 4T
TAFE . B AT — IR IR SR, FEESTRT (BB 0 JE) ANES 556 4. 12, 164 18 J
o K B AT EC L P ARG S R0 B PR U 26 21 HE ) S R 28 ik R A ot . T S50 45
VERF & s B o B AR . IV ATE N SCXK (30D 2016-0006. Fr A SEG 4
JEIT WA R 2 e B Al R 22 9 BT LA B 4 2SS AR R 25 L e (BhiE
FI{RFES 5 ACUC-A02-2014-007)



2.2 oA

R A I Wi RS R e — 8 e A Y )t FR A ot DA % 8 e B 2R AN B 1) L %
I, BAT e — IS RE i Bt 2 a0 (BB 0 JH) FNES SR 4 . 28
12 .55 16 F 238 18 Ji,  FH 2% 2 B2 bb 22444 8 0. 2m1/100g 14771 5 18 s v 4 Ik
BRI, =S KEM 2ml o 4 1% B8 3000rpm, 10min, 4°C A4 B OB IR «
ME MG N R (ALT) R ZEN (AST) | B REE (ALP) | &
H (TP) « AEHA (ALB) AL .

2.3 A8 KB WA

X G B B EUM 2 J5 () wistar K REEAT OMEREER AT . WA O AR ERALHE £
B F MK, PodEEF AR, FRAELOHATT—ANND, RMEREE A3 3
K 60ml 2 J5, FHBARAATOE, AR 4%2 R R . X TE R,
HFFE S I ARG Bl 2 5, HUHAEZH 24317 HE U fv, i#id Tmage Scope
A SRR, IR SR — 28 T A e 1 it R A
2.4 RBRBEBRMRLE
(1) JRBUEE

PAVER TS K BRBEAT = 228 WA e B s v S AR VR, R R il S 25 9))
ARG X T IRE AR . BAVERR RIS ES 6 RUJE, N —RIEIEES 287,
W ZIR IR - B K BRAEAR U 8 i IOUSER FR R 10 7N, BATELAS S A 7K A
. R USRI PRI RCE T -80°C 4t FIATIRAE, i /e 4L
Sl
(2)  JREHFEIAEEY)

JRE AL JRWIEIE 12000g, 40min, 4CHIZME OB ¥ IS0
4 500ul #FE R H A EP B B, %I G 48E=1: 3L FI AT 25,
PRI L] fE-20C 4 Fid & 12h; 35— RIGHEWRIRST, %18 12000g, 30
min, 4CE&MHELH EE. BUE, BHIIEAR, WXHLA KIRT; AR
37. 5ul, LKA BB ETiE A1k, %M 12000g, 30 min, 4CZAFEL, HX
IEW, N EP 4335 -80°C A RAT - R )G, KA Bradford V€ &
A

JRE ARV (8 H FASP kAT IR & A BEE 1T, 100ug JREL H I E] 10kD
e (Pall, Port Washington, NY, USA) HyJBENE b, f#HH UA B (Smol/L
JKZ, 0.1mol/L Tris—HCI, pH8.5) F1 25 mmol/L NHAHCO; V&R 7 e Wik,
RN : A1 50 WELBI M ABEE AN (Trypsin Gold, Promega,
Fitchburg, WI,USA) #HEATWHAL, 37T°C/KIFE® . & 5B UL ikiE i HLB
[ A A HAE (Waters, Milford, MA) BEATERZLAOTE, A= TEMT, HFA-
80°C FRAT
(3)  LC-MS/MS 5 BE i itk o #r

B U] BIFE S 0. 1% IR/K ¥, FHMREEI0.5ng/ nL, HUEANFE 564 R
G2 MR, A& pH RAHIK B 2> B3R &L (Thermo Fisher Scientific) #4T4r
B BIR A Z AR TSR B, IR RS R I I VA O A T, BT
BEOWEE T i B, A E S TR TS A 0. 1% BRK 2 AFH iRT &Rk
ZJIk (Biognosis ~vH]) , LL10: 1 FARFLLAEINA 2+ H 3 F BN o
{4 F EASY-nLC 1200 /& R AH 8 i B B Orbitrap Fusion Lumos 15 73 H ik
O 10 N3l it AT B R 2 . BT 0. LSRR K R IR IR B 3G 3 2 TilAE (75



HmX2cm , 3km , CI8 , 100A° ) , ¥ ¥t Wi W 3 # & &k M o &

(50Mm X 250mm, 2m, C18, 100A°) , VEMiPBhEE 4%-35% s A B (80% & i

+0. 1% fiE+20%7K, Wi A 300nL/min) , 90min. NEI4AEHDF). REHIES L
B, FErE RS AR FE (iRT kit, Biognosys, Switzerland) , W
N 1:20v/v. LLDDA-MS #iz 04 10 N4y, S EW FN: W% HE
2. 4KkV, Orbitrap [—Z&4r#E% N 60000, 3570 HE N 350-1550m/z, —Z&34H
30 [ A 200-2000m/z, 4y FEFE N 30000, fFik 00N 2Da, i EAEE N 30%
HCD) . AGC H#¥x N bed, fx KFFEFENRSE] N 30ms. raw XAFiE T PD (Proteome
Discoverer 2.1, Thermo Fisher Scientific %)) #AEEZEM 4T
(4)  Jo R b P

H PD S5 I T8 57 DIA SREET vk, R4 m/z oA % FE T H 5 0 98 A
B B A 2 IR AT DTA B R FUE 2 - (1 Spectronaut X 3KA4XS
RSB AT AL IR AN M . FNBEIEA DIA SREER] raw ST E . AT
BERAFMEAKE q value<0. 01, KM ZHKBEFTA BB FIEmREiTrEd
SE .
(5)  GLit=4 T

Wb 5 1 5 A5 AT SRR IEAE (KNN 5 9) U f0 oV ik (Cv<o. 3)
21 R 20 A 2 (A LR O REAR ¢ 50 WR B KRAEK K EA Y
W REE A RIFEm, FRATTR A ARATET (0] S g b ik, RIS 4 B 556 0 A L.
FFEE 4 . BB 12 55 S L. 26 16 i 558 12 At 2B 18 Y
%16 AL, MikERE AN WA Z B S FC=1. 5 5
FC<0.67, P<0.05.
(6) ZEREAIREER

B iz B 1 2 5+ 25 (A DAVID #dE /% (https://david. nciferf. gov/) 13
A1 TPA # A (Ingenuity Systems, Mountain View, CA, USA) #4TIhEE & 40
M, $495%H P<O. 05 [ 55 2Z % RIAE

3 SR

3.1 KAKREZL

RRARH AR R I, AT 156 RAFHE -2 A K wistar KR AIAK
FOROUEE AT T id3 . R IRE AR AT S 3RATHI T 78 IS v S K
8-9 JH Ja, fEMEE MR MIEMINE, KRERMAELX T EHIL 7B
I HAERE RS KME 15 B AL, KRR EAHIL T &SR, Xz
Ja BATMI A VR EE 25 AT B, fEIX—PBY B, KPS a2 7
Bto (LK D



weight change diagram of rats

0.5

O© 00 N O o WOWDN -~

weight / kg
o

-
—_

0.1

—_
N

0.0 T T T 1
0 5 10 15 20

-
W

S BRSNS 2E 20 . 20 K B 0 B O K

time / weeks

RN
(@)]

Figure 1. KEAAEALE

3.2 oA LEE R oM

MAEE R B8 T g @R R, i o AR s 3. &
WM (ALT) 24 fssmiE sz, —iS Sk O AE e b A o8
WK 2a Fr, BRWNFEEEEAE 12 HEEH e, XRPF4IRZ 3] 7 HERE 12
JJ B aszm Bk . £ 2b , BEFEEEAEX T8 N2 & a G
P, EMTE RS AR E A KRR TR, E16 A, it
I B S B /KT T8 o AST/ALT EUAE A 0 536l — 2, @l 2¢ Fos, 7ERF
R TTEE 4407, ALT 2380053850 AST/ALT AR FRAR, 24 41 it 28 R4 52 31455 22
iF, AST FFAR38 N AST/ALT LWAE & EFb. 78 0-12 ARy, FF4ufuriadifs, 16
JiJg, Fanfsz 2™ B, £ 2d ERATAT LUK, fEHE- 2w, o
b s BUR AR ALK T SRS (ALP) , HAESBVUE N st oA W ST,
I HAEZ R it et A — R R B K I E A R EREA M A EA
G E, (HREE- BB A FRAT T LUK I, SRR AL S, I
WHMEER (TP MAKEA (ALB) AT IEFIRE, XS MRS
G,k 2e Fl2f ATz,



a b c
ALTZAL I ASTAEL AST/ALTAE AL
800 1500 3
L]
. 600 ® )
S = 1000 . "
fé 400 f‘g o . : .
Eﬁ fﬁ 500 -
£ 290 & [] 1 s
e 0
s 0
o7 T T T 1 T 1
0 5 10 15 20 0 10 15 20 0 T T T |
i/ W/ L) & L b 20
i £ I 1]/ Ji]
d AP E TP ALBE L
500 60 o 40
Y L]
400 - * LR . 30 H . « o
= . s 40 " b s . ¢ 2
Tl i 3 £ ; 2w .
E? 200 ; * B 20 i [ ]
® ® F 10
100 s
L]
T T 1 4 T T T T 1
10 15 20 0 5 10 15 20 5 10 15 20
It i/ J B (i) / i 1) /

3.3 ATEE KRR

AR BRI TEAL,  BRATTEL W G2 AL T — R A R AN [R] I 91K B AT
WERI T . W1l 3 B, 3a. 3b. 3cs 3d 23 Tl % B2 1E i B 1 JFF 98 6 34 AR AL )
WAL B ROC BT . RN, KRTIE R IR, Toot, R

B 7SI SR €0 2> B0 AE I R, R HOB R AR BRI S,

Figure 2. KERATIhEEH

AER M~ A AR SRR, JF MBI AR R BRI, A
A OLELL R, I HTPRE R T DR i8R A T

3.4 mBEWMA LRI

Figure 3.

KB R A4 P




B RRMEE R K 4a Fiow, FFAMR 2R0REES, 40535 e s,
B EY, L& X T RARE.4 A2, KREUA & RIE 4b, 4c i,
(BB S X B B R AR iR, 2ERERFARE (4b) , 4R A& 4
R Z, BHRERE (4c) « 12H2Z)G, BIFRIXAYEHLIEA, RARE,
/N AR B, TR SIS AR (i 4d) . 16-18 5, g Il
BRI 2, Mg e FE R s, HEBRGI], /D WAz RIS,
vz AT L R B S A R A A, AR SR R A0 R 2 A A
W CnE 4e) o AL For, RIBRIFFEMIHZ 5, 8000 ] I KT AR 1 i
S L, MR A R A, HEFI M, 2 WAZ A RIS, Al WLoR B
JHRE AR T, AL BRI

Figure 4. KEUHREY K
3.5 RixZFORMBTNPH
(D R EREE R

D9 B ) W R B — 8 e AR A8 v PR R 2 AR B R L, FRATIR A
KBRS B g AT TR IR AR, BB R 5 Prox. Hrp, w5 1-0/8%
15 RRES = ORI /T, 1-4 0K 1 S RBRESN 4 MM )sm, Hadm
S, R BERENERER, e ir 7 ARXRF, Hpfe A
gL, 4, 5, 6, 7, 95 KEEMILIRE B ARG OS2 590 520 BN I i ;
1M 3 5 KRNI BB MR ZE 7 IXWERIRTRATT, FEmiR A, FRATTA
BERMAZ A R, AT E T 75 B R R — MK b 5%
P s EC R R 6 RO AT, FRATRIE S 29 RT 8926 0 4, AT LA 1)
SRR 5 HARK 8] 570 s 25 4-8 J8 B 18] sl AH BLAC 23E — i,
XA R S IX — B IR R AL T R, BB AR R s JIANE], BT PAH & 1Y
BEERMSAR, FrURER] 7 —ig; A 16 BEEE SA 15324
V)12 B R SURAE S, AR SIS ZG Y 18 JE B [A] SUSRAE —kd, X AT RE
5 - 2w A A R AMA A R R BN S R PUEB AR A0S, A LR AE 12
JA R NS, H LN 16 JH, AL 16 R B NE, ALll2F 2 18 .
SRR, PREE AR R IR S5 R BN E A AT 8] S SS A, (R
JRER R 28 KBRS AL K BRI R BR DA BHEAT 71X 23, FF Had R 13K



i1, B MRS BN S MAZE S

I

| Groups
l 6 Groups

1
4

=] 4]
0~ OO w

AL A T T R T O o e AL TN 0 R
AAAAA 20,0222 a2 D000 00 R 200222 a2hObhbho2hh
%] oo 3%

Figure 5. JREHIEME RHKEE L
(2) EREAMEY)EER I

BATA TR B S RP AR KGR, X7 HOK R 3 R AH SR H) 557
PR T TR EREA, 7T RKREE 4. 8. 12, 16, 18 HZEFEABNIE 1
Jfion, H B AK uniprot (5 B s 78% 1 fin. WATK BN EREAE LT
Ingenuity Pathway Analysis BAFBEAT 704, BEER 7 AN [RIREAAS [RIB 1] 5 1) TPA 18
PRI (WNER 2 fTs 7 ROKRGER 4 TPASEG, HAKEM WA E 2) .

7 RRBRICEREREITR, R&EE) 32 2 IPAIEEE, HhZ2HHES
JHFJ6 — 8 Je R R A5 P 25 B BRAH 9 . FEIX 32 S5IE I, 18 5B S AR 5 AT IR
RO, HApEEARE AT SIS 8RR SRR KA A
Ky BRI TG IT B S A b SRV e B T R 4540« 2RE AR AMRAR
W PXR 15 5@ B0, o —F _EIRREELS SV LXR/RXR GO FXR/RXR s o), £k
sG-St b, R4 A FA D SCHR, ANEAR PXR 5 S @A o« -5 -
MR A5 S 5 R0 A AREAE ¢,  LXR/RXR 0E A1 FXR/RXR 305 5 A< &
BB AR RIEAE, BFaSE 50T BB 5 -4 4t i Rk AE AR . IF
HixX @ % K2 AR5 4 A 8 st a8 3. A 9 Kl B AR Sk 21 5 i



BRI AM, HAaFs: SPINKL BEARE IR U8 . NRF2 453 10 A8 A D 8 s v
LY AW H kA S 0518 IO PXR/RXR B0E 2, A AR AHR {5 5 3E 8502, &
PEIA SN A5 51 S AR T Mk R G0 IS B A SN BE 510 B 148
W3 2 5 o £ 2 R s R AR R B AR O . I 4 2518 B A 5 R 10 kAR
ARKAKR, BB E TR IS IR G T S, BRRITEE A RN
R RSV TS SRR T 0V, X SRE LR (SR S B U SR A
PAEKAILR, WAL, REFET.

SPISRUE, FRATARR B SLIGas BRI, FRATHIRIE SR B B v] UK I -
RIBHLIL AP B ARAL, X SR B e 45 B ) A ) 2 R AT i SCik e e
98 AR . I Bl T AR ANMAZE T, 1753 I8 0 2 S A 2 H I 0
BRI R AMEZE T IS

Table 1. 7 HUKRATE R &2 7 & A K

N R S 1) 55 EREAM i A
W4 154 81 73

W8 196 132 64

1 W12 156 53 103
W16 152 30 122

W18 108 61 A7

W4 91 55 36

W8 140 40 100

3 W12 86 55 31
W16 121 71 50

W18 179 96 83
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V4 W8 W12 W16 W18
Unfolded SPINK1 LXR/RXR Acute Phase Glioma
protein Pancreatic Activation Response Invasivenes
response Cancer Signaling s Signaling
Pathway
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Receptor Junction Response Lymphocyte— Cytoskeleto
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SPINK1 Superpathwa  Complement System Iron PXR/RXR
Pancreatic y of homeostasis Activation
Cancer Pathway  Methionine signaling
Degradation pathway
NRF2-Mediated  Glutathione Triacylglycerol Mitochondrial  Germ Cell-
Oxidative Biosynthesi Degradation Dysfunction Sertoli
Stress S Cell
Response Junction
Signaling
Parkinson’ s Remodeling Iron homeostasis Lymphotoxin PEDF
Signaling of signaling pathway B Receptor Signaling
Epithelial Signaling
Adherens
Junctions
Mitochondrial Germ Cell- Gluconeogenesis I Ch27 Xenobiotic
Dysfunction Sertoli Signaling in Metabolism
Cell Lymphocytes AHR
Junction Signaling
Signaling Pathway
Sirtuin NRF2- Glycolysis 1 Induction of Leukocyte
Signaling Mediated Apoptosis by Extravasati
Pathway Oxidative HIV1
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Stress Signaling
Response
Huntington’ s ERK5 2—amino—3-— Pyruvate LPS—
Disease Signaling carboxymuconate Fermentation stimulated
Signaling Semialdehyde to Lactate MAPK
Degradation to Signaling
Glutaryl—-CoA
Glutathione Ketolysis Antiproliferative Eumelanin Actin
Redox Role of TOB in T Biosynthesis Nucleation
Reactions I Cell Signaling by ARP-WASP
Complex
NRF2-Mediated  Acute Phase SPINK1 Pancreatic SPINK1 Acute Phase
Oxidative Response Cancer Pathway Pancreatic Response
Stress Signaling Cancer Signaling
Response Pathway
Glutathione LXR/RXR Oxidative Oxidative LXR/RXR
Redox Activation Phosphorylation Phosphorylati  Activation
Reactions I on
LXR/RXR FXR/RXR Huntington’ s Huntington’ s FXR/RXR
Activation Activation Disease Signaling Disease Activation
Signaling
Glutathione— Coagulation Retinol Retinol Coagulation
mediated System Biosynthesis Biosynthesis System
Detoxification
Inhibition of Complement G Protein G Protein Intrinsic
Matrix System Signaling Signaling Prothrombin
Metalloproteas Mediated by Tubby Mediated by Activation
es Tubby Pathway
SPINK1 Caveolar— Apelin Muscle Apelin Muscle Iron
Pancreatic mediated Signaling Pathway Signaling homeostasis
Cancer Pathway Endocytosis Pathway signaling
Signaling pathway
Xenobiotic Clathrin— Triacylglycerol Triacylglycer Complement
Metabolism PXR mediated Degradation ol System
Signaling Endocytosis Degradation
Pathway Signaling
PXR/RXR Atheroscler Lactose Lactose Extrinsic
Activation 0sis Degradation III Degradation Prothrombin
Signaling 111 Activation
Pathway
Ceramide IL-12 Eicosanoid Eicosanoid Pyruvate
Degradation Signaling Signaling Signaling Fermentatio
and n to




Production Lactate
in
Macrophages
IL-15 Iron Endothelin—1 Endothelin—-1  Gluconeogen
Signaling homeostasis Signaling Signaling esis I
signaling
pathway
NRF2-Mediated  Ferroptosis Mitochondrial SPINK1
Oxidative Signaling Dysfunction Pancreatic
Stress Pathway Cancer
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Apelin Complement TCA Cycle II Coagulation
Adipocyte System (Eukaryotic) System
Signaling
Pathway
PXR/RXR Apoptosis Oxidative LXR/RXR
Activation Signaling Phosphorylation Activation
Xenobiotic Acute Phase Gluconeogenesis I Acute Phase
Metabolism PXR Response Response
Signaling Signaling Signaling
Pathway
Acute Phase LXR/RXR Glycolysis I Extrinsic
Response Activation Prothrombin
Signaling Activation
Pathway
Unfolded Glutamine Sirtuin Signaling Chondroitin
protein Biosynthesi Pathway Sulfate
response s I Degradation
(Metazoa)
Glutathione L-cysteine Choline Airway
Redox Degradation Degradation I Pathology in
Reactions I 1T Chronic
Obstructive
Pulmonary
Disease
Methylthioprop Glutaryl- Xanthine and Atheroscleros
ionate CoA Xanthosine is Signaling
Biosynthesis Degradation Salvage
Glutathione- Phagosome SPINK1 Pancreatic Superoxide
mediated Maturation Cancer Pathway Radicals
Detoxification Degradation
Intrinsic Necroptosis Triacylglycerol Complement
Prothrombin Signaling Degradation System




Activation Pathway
Pathway
NRF2-Mediated  Acute Phase Coagulation Gluconeogenes
Oxidative Response System is 1
Stress Signaling
Response
Gap Junction LXR/RXR Acute Phase Glycolysis 1
Signaling Activation Response
Signaling
Axonal FXR/RXR Intrinsic Mitochondrial
Guidance Activation Prothrombin Dysfunction
Signaling Activation
Pathway
Circadian SPINK1 Extrinsic LPS/TL-1
Rhythm Pancreatic Prothrombin Mediated
Signaling Cancer Activation Inhibition of
Pathway Pathway RXR Function
Apelin Methylglyox LXR/RXR Acute Phase
Adipocyte al Activation Response
Signaling Degradation Signaling
Pathway I
Gluconeogenesi Lysine SPINK1 Pancreatic LXR/RXR
s I Degradation Cancer Pathway Activation
1T
Glycolysis I Lysine FXR/RXR Glutathione
Degradation Activation Redox
V Reactions I
Glutathione TR/RXR Role of Tissue Aspartate
Redox Activation Factor in Cancer Degradation
Reactions I II
Sorbitol Airway GP6 Signaling Xenobiotic
Degradation I Pathology Pathway Metabolism
in Chronic AHR Signaling
Obstructive Pathway
Pulmonary
Disease
Glutathione— Atheroscler Complement System Superoxide
mediated osis Radicals
Detoxification Signaling Degradation
SPINK1 Glutathione NRF2-Mediated Acute Phase Glycolysis
Pancreatic Biosynthesi Oxidative Stress Response 1
Cancer Pathway S Response Signaling
Superoxide v —glutamyl PXR/RXR LXR/RXR Gluconeogen




Radicals Cycle Activation Activation esis I
Degradation
Intrinsic Glycolysis Xenobiotic FXR/RXR Pyruvate
Prothrombin I Metabolism PXR Activation Fermentatio
Activation Signaling Pathway n to
Pathway Lactate
Extrinsic Gluconeogen Apelin Adipocyte v —glutamyl NRF2-
Prothrombin esis I Signaling Pathway Cycle Mediated
Activation Oxidative
Pathway Stress
Response
NRF2-Mediated Glutamine Glutathione Redox Iron PXR/RXR
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Stress s I signaling
Response pathway
Mitochondrial Complement Neuroprotective Glutathione Xenobiotic
Dysfunction System Role of THOP1 in Biosynthesis Metabolism
Alzheimer’ s AHR
Disease Signaling
Pathway
NAD Salvage LXR/RXR Methylthiopropion Atheroscleros Unfolded
Pathway 11 Activation ate Biosynthesis is Signaling protein
response
Amyotrophic NRF2- MIF-mediated Coagulation Glutathione
Lateral Mediated Glucocorticoid System Redox
Sclerosis Oxidative Regulation Reactions I
Signaling Stress
Response
Glutathione FXR/RXR Glutathione— Complement HIF1 a
Redox Activation mediated System Signaling
Reactions I Detoxification
Senescence Ferroptosis Huntington’ s Hepatic Glucocortic
Pathway Signaling Disease Signaling Fibrosis / oid
Pathway Hepatic Receptor
Stellate Cell Signaling
Activation
Coronavirus SPINK1 Hepatic Fibrosis Acute Phase
Replication Pancreatic Signaling Pathway Response
Pathway Cancer Signaling
Pathway
Coronavirus Retinol Apelin Adipocyte LXR/RXR
Pathogenesis Biosynthesi  Signaling Pathway Activation
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Axonal Triacylglyc Osteoarthritis FXR/RXR
Guidance erol Pathway Activation
Signaling Degradation
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