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Bioinformatics analysis of key toxicity pathways in the mode of action of oral exposure to
hexavalent chromium JIANG Xinhang', WANG Ziwei', PENG Hui', XU Chi', YU Dianke’, JIN
Yuan®, CHEN Liping', CHEN Wen" (1. Department of Toxicology, School of Public Health, Sun Yat-
sen University, Guangzhou, Guangdong 510080, China; 2. Department of Toxicology, School of
Public Health, Qingdao University, Qingdao, Shandong 266021, China)

Abstract:

[Background] Oral exposure to hexavalent chromium [Cr(VI)] can lead to gastrointestinal
tumorigenesis in mice, and the mechanism is not yet clear. To predict health risk due to chemical
exposure, data mining and computational toxicology analysis has become an important tool in
toxicology research, which can help to elucidate mode of action (MOA) and identify key toxicity
pathways.

[Objective] This study aims to identify and evaluate key events in the MOA of oral Cr(VI)
exposure.

[Methods] Gene sets established from Comparative Toxicogenomics Database (CTD) and Gene
Expression Omnibus (GEO) respectively were imported into Ingenuity® Pathway Analysis (IPA)
software for pathway enrichment analysis and biological function analysis to identify potential
key toxicity pathways of target organs/tissues toxicity of oral exposure to Cr(VI). Next, the
weight of evidence (WOE) of the identified key toxicity pathways in the MOA of oral exposure to
Cr(VI) was evaluated based on the modified Bradford Hill principle.
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A total of 54 pieces of literature related to oral Cr(VI) exposure were screened in CTD, among which 18 and 9 were related to

liver and intestine with 125 and 272 corresponding genes, respectively. The pathway enrichment and biological function analysis results

showed that liver and intestinal perturbation pathways were mainly related to cell stress and injury, cell cycle regulation, and apoptosis,
indicating that Nrf2 pathway and AHR pathway might be the key toxicity pathways involved in the cytotoxic-mediated MOA. Meanwhile,
the dose (2170 mg-L™* sodium dichromate) and the time point (90 d) of the activation of Nrf2 pathway was similar to the emergence of

crypt cell proliferation. It was proposed that Nrf2 pathway activation might be a key event for cytotoxic-mediated MOA of small
intestinal tumors. The WOE results showed moderate validity of evidence in this hypothesis, with high validity of evidence for biological

plausibility and dose-response manner.

Nrf2 pathway activation might be the key event in the cytotoxic-mediated MOA of small intestinal tumors induced by oral

exposure to Cr(VI) via initiating or maintaining crypt cell proliferation.

hexavalent chromium; mode of action; small intestinal; bioinformatics analysis; weight of evidence
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N 18R R, ERBEALREXEK /DB
HERBR, KiFE—FHEHRS 2. NTPREARE K/
B Cr(VI) Ik RS XW, ERFER (V) EORHE
SHERNTERRE, NFREEBENSEE
BY, £EEAXNEAM M KDY RELRLLER, K
REENEMFRHITENERED . ETAR
(F344 F1 Wistar ga %)« /)N R (B6C3F1 A1 C57BL/6) an
%) LA CRL-1807 4R A HCT116 4HRAE Y S2 I8 2438,
HH 2 HNEES (V) S HEEX. BEF AR
(Wistar. Sprague-Dawley %)« N\ER(Swiss 1 C57BL/
6NTac fa %) LUK L02. Hepa-1. HepG2 F H4 ZAREAYSE
IR, A 125 MERAS or(VI) AFE4EEX,

“Chromium” X $#1,
HIRF 3665k

HERR AR A

e JECrVBE—RE |
HRNRAEAERERE |
CEBRHETRERE. EHRE |

FESTCr(VI)IRRR |
« BAFEENRIERIEE

‘ Eﬂi?zouﬁzﬁ,i}\cm?ﬁ)\]

—

|

|

|

|

|

|

|

|

|

v
T T T TN

/
« fFS1%18E
» ISR

}

REFSENHSEEXER
(RECTORFY-BREFD )

o 125 Cr(V)IE S SHEXER
o 2720Cr(V) B S S HEXER

[E] cTD: LhiSIEEERAEIERE; Chromium: ; Cr(VI): 7311 o

[Note] CTD: Comparative Toxicogenomics Database; Chromium: Cr;

[}‘ﬁﬁ.”aifﬂ%%%“éﬁéﬂﬁxmﬂﬁﬁﬁ J

Cr(VI): Hexavalent chromium.
1 XErfmiERERWERZE

Figure 1 Flow chart of literature screening and gene recruitment
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EIBY, B SR ERZEE Nrf2 BEEH] AHR BES,
SEHEYFIEE, IR XML B AIEEN Cr(VI) 8
ERSS5ARSCRSRGINAREREAENEBE
KRS M@K,

BT cr(VI) FFRES 14 W B 75 29 LR IR = 15,
LEEMRITEO cr(VI) BES|IEND SN X
73 FBER MBI FI £ - Sz M B (8] -3 [ X R o F
IPA BR4EXT M GEO BUEEIRISH 7d 5 90d Cr(VI) 3
FSNNEBENFNERRAER DR HITIBEE
E&. (N4 FEMRE s2 FiR, 7d # 90 d cr(v) 2O F
B, YR EFIE <60 mgL™ SDDEY, KEFSBIRERT
St FERNHATF LB EBEANFIRES. REFNE
>60 mg-L™ SDD BY, 7 d RSIMHBERSINEHEYAR
5 AHR E 5B, INRUFISA R S R A (S
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)& AR B X ik FAs B @ B BUE B X
7d M 90d 35, FATF 14 mg-L SDD NEZMFIEA,
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0.05 B Z-score >2), FIATALRIEMR HPXEKRTF
14 mg-L"' SDD FIZ2AP LI/ R/ \HF oA H I RIEER
T, AT elF2 BEGBUERBES S Cr(VI) BT
B2, SR, WL @RS S AR iR A 4B AR B A 1 1T
EEBEERERT ZEIRLIPENE- R KT
B- UMLK o 7d BEFIEFFTLE EEE Nrf2 1B,
TOTE 90 d ZE5/5 Nrf2 JBEETE 170 mg-L™ LUKz 520 mg-L™

FI2HY RN BEIRE(P<0.05 B Z-score>2), i B
Nrf2 B BUE S MR EI RS 4HM0 H G £ RS
B RFIEIHEE. AME7d BN EBRBREIRESE
Z) AHR B, B 90 d FFE /5 AHR B RN E £
ZZEZR(P>0.05 T Z-score=0) o 2T LA ELER, Nrf2 B
BFEUE SR =4 IS 4 7T 2 - I N A BY 8]-3%
RN R, He7R Nrf2 BERBUE T Cr(VI) NI S 1%
TS89 MOA B KEo

BEEYEBFEDI, EEHRRERE, &5
RITH Nrf2 B EUE P BER B o A P2 = 4 A I
58 B9 KE, 7 & F Bradford Hill & M 31X — R #H T
WOE i, £ik“2.374MBEE D HT4E R E R AHR 1B EE
5 4B 3515 SR BB 2R T o 2 - Iz Bz A BY (8] - R4 Bz %
%, BEHIERD cr(Vl) 5 AHR BB H X A9 SR IO 3R,
HINA Cr(VI) BERZES M AHR BER B A IE
BE(EMR, SR TH—P B WOE Th, L£R0EK 1
B, X— RIS EY F S IEME NFIE- R N X R EVIIE
EMORE, BEEHMNMXAENEE SR
BB 15, FHIE, Nrf2 IBEEUEA (V) REOREN
I\EZBEE & A BV ARRR S 1% MOA KE BYIEER /IR,

£ 1 Nrf2 BEEUEERLZO Cr(VI) BE/NHARSUENS
9 MOA = KE B9 WOE i¥Fff
Table 1 WOE evaluation of Nrf2 pathway activation as a key
event in cytotoxic-mediated MOA of small intestinal induced by
oral Cr(VI)-exposure
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LI EE
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Bz FIFIEE fﬁ% R EIE 5
IEE
Nrf23E M TR &
Cr(VI)E MR A K EL
YIM/BRE—RME AXSELRAR — - L
(BEAS-2B) B 5E K2 bylg
ﬁzﬁjz[ls—w]
EIE35d — — H R 1

AFRIEL RS CTD # GEO FIEIE, K15 Cr(VI)
SZOZZRBESUEXER, EERITEO Cr(VI)
FEBE MOAREXBOTEN. NREMEREDN
KT cr(VI) 2O RESHEIE Nrf2. elF2 F AHR Fi&
ERILTH, ST ahIBEHIT E M F IEE DS 5 2R
RERLERN MOA FEHIFFTHAMS . HEE
& WOE 747, IERR Nrf2 BEBUER A/ AR S 4%
MOA HRHY KE, /7 Cr(VI) R BERIX P IT LI 4 T it
IR

BeiXF criv) @O R B R FEZE L 2008 F
NTP AT BY M HAF S Ik S S LI HUE A E A, B
180mgLlt (V) FIE TR AR B O MIE,
>30 mg:L™ Cr(VI) B/ DR BTV NAIRE, ZH 2L
ANBIEFEEFERED, IRE/NHREZO cr(V)
SEATENTIESFRERE. ME, BRIINZTE
PASYF Cr(VI) ROBBSENMHELAEX—FR
BREERNIERERERNNEESYE MoA RSN
NEH MOA HITTITIE >, HPhBEEUENS
89 MOA A3 Cr(VI) SBUNIAHE L RS, #Hmsl
el S MRIF S ML, (R AR TR AL/ NG
Ay, ERTAFZREREE, Cr(VI) AN+ ZIEAE LK
s, AT 5 EYAKR 9D F (490 DNA) R4 R R, 512
DNA W HEMTRE R E S HRG . BERIER, FFET
MRS ERIET M DNA A9 E —EIHEXE, |
X ARV XBEILcHBENER, 2SI, £0
cr(Vl) REEEN MOA NAEER I

B AREBIRES SETIRE, FEREYE
BEREHEBRITON, BB UBEMB AR Moa/R
R 45 /5 B8 12 (adverse outcome pathway, AOP) i# {714
B, D MFXEHIKRE —ERATENEEY
12, BEEEMABENXMBALENETS, 2TA
Ea™, &HRFMA cTo WES cr(VI) SHEREXHE
HE S, B IPA R ZFHEBIR, HP7E S EIEER
BFE p53 BER. Nrf2 JBES. AHRIBEE. £ RBFEER

B EB (mitogen activated protein kinase, MAPK) i& & #l1
elF2 WIS, FTAE B IR LN A THAEPE IS IEER . A
RLEOBES. Nrf2 iBESF] AHR BEEE., M- M Lh@EE
E2 54 RA R MAREN BRI A, H—F A
BEMNTFH MOA Z cr(Vl) EENETE MOA 121t
TIER. Lee 4R H cr(vi) BEE A ZEHGE MAPK,
ZEF «B = H KBS B @ERIL N E Y = -1a FABHIE
RIERERFIIRIX, ES ROS BI=4, MR IFHARERY
AT B%, e AINEIIEERRR, Cr(vi) A&
TEBREE BRI EZ -3 EE-AKt (S S RS BRIFEST AL
FEARR 102 WERM N AL RAThEEREL ™, B,
BNRIFBIEREREEET Nrf2lBEH AHR BEE, 45
BHEYFEINEE, IR XFFIBEOIEERN cr(VI) BE
PHEZS B,

AEAFRIBEIY GEO FHEXMEBERRANF
BIBHITOM, KITE 90d IRKFEEF 170 mg L™
SDD BY Nrf2 BB ABUERE, 5/ I e E Hiag
ERHRSFEMBERBEIAM. X—&IIZSR Nrf2
B EUE R NMB R ERRIEEEER Nrf2 5
MR E M IERNDS FEETEXY, TFRHAENX
EHIA R — TR ISR F, Nrf2 @RS EUE AR EFE
B A & 20, IR BR IE PR B 55 1817, SATI
R LZIHEA I ERLEDIFET, Nrf2 BRI
SRS IRMEBAMR A FEILEE S REERE, (€
HR ke, HiESME LK, HIEARRIEE. R
BB EE T BFIIFED ™, Aor-wiki ZIEEEW
(https://aopwiki.org/) R T Nrf2 @& BUE (4 1D:
I EADFIRAEH, SEFEREMX—FRE
B AT 0L Nrf2 B BUEERER AL REFRIEX
EEMEA. ETF R Bradford Hill RN, 33 Nrf2 3@
EBCETE/ N EAEPHNEENE RS KE ZEHEA
RXZ#HIT WOE TN, ERETRBRIEHNAIFE, 5
4h, Nrf2 JBER S elF2 BEREEYF e L EABMEMN
B, ESAMISEMEEFEX. EEMAKRE, &
R ST IRIRE 18T, elF2 BT W BEER 1k, B AR
mRNA Bi%, LU R 4RIRAIIE S AT, AmY
REFE > 14 mg-L SDD BY elF2 BERII N BUER S,
M Nrf2 JBER 5 elF2IBER Z B A BEETE—E BITHIE
ER, RIRERE MBI ERH T B
4, MR AR B & &

AR MEEYE SHIBEHTRES, BEEY
ERENH, @R TEO cr(V) BB/ )\ZIE L £ R4
ESMENT ST MOA, FeH Nrf2 BB BUERTBER Cr(VI)
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