MiRNA array 1T > 7e &Y 7D
miRNA DFEHE% Cluster 3.0 (complete
linkage) ZAVCHRBHZ T2 &Y 7
fi#HT L. MapleTree & AV Ton L7z (Fig.
5A), FDFER, HAL #5 1 BEEI R R &
ORI 5 6 R 8 DR & HAL &5 24
RFEZ OB, HAL 85 3 B XU 6 Rl
DEECRELS GEINT, =, KEIZ
FREHTH D, WHERE 3 3 L0024 Frf
BN TRAE BRI, &
2, BRI ISIT D BRI 5 HAL
BEHORBLERENS SR F ) T
fEHT L7z (Fig. 5B). = DHER. HAL &5
6B 12 BB O L5 3%
BEMELICHES ., HAL &5 1 K&
R URBBBORMNEICGEENT,
LEDRER KD .| IFET miRNA OFHT
777 AMVEALT 2E L LI FEED
FRE LI, FEEOREMCE
WTHZE <L O miRNA OEBLNEEIL T
WA EBRENT,

C-3 FEMNLEH L7 miRNA OHEE
EREET OMERE IR AT

C2ick Y, MEEREMIZD
miRNA BEBREHT 5 Z L B3R &Nl
B, I b OEE LTz miRNA BSAERNT
ED X5 EHFoONERLNET D
Lz BERIE L, ABFNTIZ, DIANA
miRpath & W9 T = 7Y — V& AW THR
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L7, BEMICBVTHERER LT
BUC2REU LA LFEZITETL
7= miRNA OBEREZ T2 729 . % miRNA
DIEREETHEE T 28K % KEGG
pathway I KV 7/ F—var§5Z &
T,

BHIZ, & miRNA OEMBET %
DIANA-microT-CDS {ZZ-SWTFHIL |
Tl S N7 E s B % KEGG pathway %
AW Lz, SRV TRE R
B E72IHET L7z miRNA OHEERE AR
¥ % P-value D/N S WIIEIZZ 24 Tables
3-7WR LT, £, BRFEICRWTHR
ERF7ET L7z miRNA OH#EEZER
RN IE U CTFHE S 7R &M T
TaRL, R, RERSIUHREEICHE
b HREE TR TR LTz, FEITIZIE Table
1 CHREFREICBWT 2 5L ERBEEH L
72 miRNA Z W=, £OHF T, v b
DEEH D miRNA T 7 X DELF| & £
% miRNA ., DIANA-microT CDS 12 & »
THEBET O TR RN D BRI
Lz, 228, THISNEREDS B, I
BRLLA TORIE Z BRE BRI LT,
HAL #5 1 B IC BV CRBE LF L
miRNA OHEEEARIR T 3 HORER T
HEh, FEBIET L7z miRNA OHEEER
FEHEIT 42 ORI TR &7z (Table
3), 2B, RIER X URIEBEEORK O F



T MAPK signaling pathway, Chemokine
signaling pathway. T cell receptor signaling
pathway, TGF-B signaling pathway.
Apoptosis i% HAL #& 51 1 FER O A2 5
T WPHORFBICBWCHEBLTT
BEhi, HAL %5 | RRERICRRLD
L 7= miRNA OHEERRIRREE T, 5

=

3h VEH
NT
1h VEH
3 h HAL
6 h HAL
12 h HAL
12 h VEH
1 h HAL
6h VEH
24 h HAL ——
24 h VEH

FORIERE DR & U T Jak-STAT
signaling pathway. VEGF signaling pathway.
Cytokine-cytokine receptor interaction, B cell
receptor signaling pathway, Leucocyte
transendothelial migration, Cell adhesion
molecules (CAM) 15 1 K& I3
TRENRRER S LTTFHAlShE,

B

Fig. 5. Hierarchical clustering of hepatic miRNA expression profiles in HAL-induce liver injury (A)
and the fold changes (B) between vehicle- or HAL-treated samples at the five different time points
after administration . The levels were clustered by using Cluster 3.0 software (complete linkage) and

visualized by using MapleTree software. Data are presented as 40-Ct (A). VEH: Vehicle-treated

group, HAL: Halothane-treated group.
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HAL # 5 1 BEfEI#E &\ ) FFREE SRR
O Y REOEEICBWNT, T bD
IR L ORIEICEET HRENZEN -
T& 7z, £72, BEDP LF T 5 miRNA ©
HETEIZERIREHE & L T Drug metabolism —
cytochrome P450 R3ER > T&E 7z, 2 HIT,
IORBICEENLIBEFTHD
Cyp2c55, Ugt2b5, Cyp3all BREnZih,
miR-151-3p, miR-455, miR-674-5p DIEH
EETELTTFHIERE, 6> T, HAL
B 1 EEEZI2B VT 2R B O miRNA 28
RELFTHZET, CypPUgt72 LD
FREEER B2 5 2 D RERTR
ENniz, HAL 85 3 FFRBICBWVTHRE
& U7z miRNA OHEEERRERIL 39 @&
DR TR S, BBET L7z miRNA
DOHEEREARIIL 27T HORES FHI S
7z (Table 4), Z# L&D H T, Hepatitis
C. B cell receptor signaling pathway
Jak-STAT signaling pathway. VEGF
signaling pathway (3% & 3 BFEZ 2B\ T
BFREBICTFH SN, HAL 5 6 Rrff#
IRBWTHER ES L7 miRNA O#EEE
BB 27 B O A TR & 41, HBIUE
T L7z miRNA OHEERRAVRRRE L 25 @D
BERFE SN (Table 5), Zh bR
D H T, B cell receptor signaling pathway
VEGF signaling pathway (235 6 RS2
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BWTHERIC TR S Z, HAL#&E 12
A &RICR WV CHE LS L7z miRNA ©
HE AR 1L 20 (B ORI TR S A,
RHFET U7z miRNA OHEEEARKE T
28 EOREEMN FHl iz (Table 6), Z L
5O O H T, Cell adhesion molecules
(CAMs), Hepatitis C 1385 12 BT
WTHEMICTREI S, HAL &5 24
REf RISV THE R L2 miRNA ©
HEEREHRRBE 1L 28 [E ORRIE A T S 4,
RIBE T L7z miRNA OHEEEAVRERIZ
36 EORKENFHRIS I (Table 7)., ZH
B ORRBEDOH T, B cell receptor signaling
pathway. Cell adhesion molecules (CAMs),
Cytokine-cytokine receptor interaciton,
Hepatitis C |23 5- 24 BRI ICBWCHR
TRl &,

PlEX D, HAL#EE 1, 3, 6, 128X
U 24 B RIS RRES) L 72 miRNA (2%
L T KEGG pathway IZ L 57 /7 —3 3
VEEFTEATS Z & T, HALBREZWTH
DEFFIZB N T HHRER I UREICED
% pathway 23258 L CU 5 AIEEME SR X
Nz, £, ZThbOfiRIZ, HAL HE
PHFEEICED D RIEMEY A P4 R0
TEDA IREDHRERTFH. miRNA IZ
LABBHEEZ T OB AEELRL
Teo HFIT. HAL &5 3 B2 DIRE & o



LT, 1 RRRICEIAIET I 5 miRNA
DHFZEHREL N T, REBLURE
BEDOBEKPE S TR,

mRNA OFE L Y & BEIZ miRNA 3%
NHOFBEFE ZH - TV A FEEM AR

hiz,

Table 3. The list of enriched pathways (P < 0.05) in the genes predicted to be targeted by up- or down-regulated miRNAs with at least

two-fold change in liver at 1 hour after HAL administration.

Up-regulated miRNAs Down-regulated miRNAs
Number Number
KEGG pathway P-value  of genes KEGG pathway P-value  of genes
?ggg metabolist - eytochrome 0.0089 3 Pathways in cancer 2E21 188
mTOR signaling pathway 00095 8  MAPK signaling pathway 6E-12 141
MAPK signaling pathway 0037 23 Focal adhesion 9E-12 112
Regulation of actin cytoskeleton 1E-11 120
‘Wnt signaling pathway 8E-10 86
Endocytosis 2E-09 108
ErbB signaling pathway 2E-08 55
Insulin signaling pathway 1E-07 76
Ubiquitin mediated proteolysis 2E-07 75
Chemokine signaling pathway SE-07 93
Adherens junction 6E-07 47
T cell receptor signaling pathway 3E-06 64
TGF-beta signaling pathwav 1E-05 49
Fc gamma R-mediated phagocytosis 6E-05 52
Jak-STAT sienaling pathway 7E-05 74
Apoptosis 9E-05 47
VEGF signaling pathway 0.0001 42
Cytokine-cytokine receptor interaction 0.0002 108
p33 signaling pathway 0.0003 38
Phosphatidylinositol signaling system 0.0005 40
Hedgehog signaling pathway 0.0005 31
mTOR signaling pathway 0.0012° 30
Gap junction 0.0015 43
Lysine degradation 0.0018 24
Cell cycle 0.0037 58
Fe epsilon RI signaling pathway 0.0039 40
B cell receptor signaling pathway 0.0045 39
Leukocyte transendothelial migration 0.0051 54
Glycerophospholipid metabolism 0.0079 33
Tight junction 0.0088 59
SNARE interactions in vesicular transport 0.0093 21
Heparan sulfate biosynthesis 0.013 16
Type 11 diabetes mellitus 0.014 25
Calcium signaling pathway 0.026 77
Glycosphingolipid biosynthesis 0.026 14
Keratan sulfate biosynthesis 0.028 10
ECM-receptor interaction 0.029 37
O-Glycan biosynthesis 0.032 15
Sphingolipid metabolism 0.033 21
Basal transcription factors 0.045 17
Cell adhesion molecules (CAMSs) 0.046 62
Adipocytokine signaling pathway 0.048 30

Both pathways predicted by up- or down-regulated miRNAs were shaded. Immune, inflammation or liver injury related pathways

were underlined,

100



Table 4. The list of enriched pathways (P < 0.05) in the genes predicted to be targeted by up- or down-regulated miRNAs with at least
two-fold change in liver ai 3 hour after HAL administration.
Up-regulated miRNAs Down-regulated miRNAs

Number Number
KEGG pathway P-value  of genes KEGG pathway P-value  of genes

Glycosamin ycau msynthe51s -

heparan sulfate - &
ECM-receptor mteractlon ,
- Regulation of actin cytoskeleton ~3B-06 101
‘Wt signaling pathway

T ce]lf' sceptor s'g’g‘qlggg paﬂawaz

In051tol phosphate metabolism - 0.0002 20

Ublqmtm medlated proteolvsw

* Gap junction i
Protein processmg in endoplasmic
reticulum

Folate b{osynthesis ' 0.0053

; s EiEy 4
Clrcadlan rhythm mammal Other g degradation ) 0.0059 4
‘mTOR signaling pathway Celloyele o007 34
Primary bile acid blosynthesﬁ
: Ghagas dlsease (Amencan :
i nypanosommsas)

Glycosphingolipid blosynthems -
ganglio series ;

. Fc gamma R-mediated phagocytosis
Nucleotide excision repair

‘Toxoplasmosis
Adipocytokine signaling pathway
Hepatitis C
Hedgehog signaling pathway

‘B cell receptor signaling pathway
Type U diabetes melhtus
Cell'cycle o

~ Notch signaling pathway
‘Chemokine s signaling pathway

Jak-STAT signaling pathway

. ?hosphatxdylmcsuoi mgnahng system

Ammoebiasis

’Tight Jjunction ’ 00424 36

Apoptosis
VEGF signaling pathway 0.0355 32

Both pathways predicted by up- or down-regulated miRNAs were shaded. Immune, inflammation or liver injury related pathways
were underlined.
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Table 5. The list of enriched pathways (P < 0.05) in the genes predicted to be targeted by up- or down-regulated miRNAs with at
least two-fold change in liver at 6 hour after HAL administration.

Up-regulated miRNAs Down-regulated miRNAs

Number Number
KEGG pathway P-value of genes KEGG pathway P-value of genes
Glycosaminoglycan biosynthesis - heparan
sulfate

2E-31 8 ECM-receptor interaction 2E-12 24

Wat signaling pathway ‘ 43

Phosphatidylinositol signaling system 00003 29

Insulin signaling pathway 0.0003 44
Calcium signaling pathway 0.0014 50
Fc gamma R-medlated phagocytosxs 0.0014 31
Focal adhesion . S 00014 56 M - ! ,
Bacterial invasion of eplthehal ceﬂs 0.0017 24 Chemokine mgahng gathway 0.0075 49

Primary bile acid biosynthesis 4

-0.0054 25 Gz;pjunétion
Type 11 diabetes mellitus . Protein digestion and absorption
Endocytosis - Ubiquitin mediated proteolysis

Mucin type O-Glycan bmsynthesxs Glyeerophospholipid metabolism 0.0326 " 23 '
"Amoebxasm

= Tlght Juncnon 0.0339 36
Protem | processing in endopiasmnc renculum, s Apoptosis =~ . 00366 23
Fe epsilon RI sugnalmg pathway VEGF signaling Qathway 0.0415 22
',Amtosx - £ et 0.03 2 :

Circadian rhythm mammal 0.0434 8

Both pathways predicted by up- or down-regulated miRNAs were shaded. Immune, inflammation or liver injury related pathways
were underlined.

Table 6. The list of enriched pathways (P < 0.03) in the genes predicted to be targeted by up- or down-regulated miRNAs with at least
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two-fold change in liver at 12 hour after HAL administration.

Up-regulated miRNAs Down-regulated miRNAs
Number Number

KEGG pathway P-value  of genes KEGG pathway P-value  of genes
ECM-receptor interaction 1E-23 22 Glycosaminoglycan biosynthesis - TE-42 10

' Lysine degradation =~ COIE07 16 JE- 105
Bacterial invasion of epithelial cclls TE-05 23
Amoebiasis 0.0002 29
Focal adhesxon E 55

Wnt signaling pathway ) 0.0002 51

yean bxosynthesxs

: . : Biotin metabolism 0.0002 1
T cell receptor signaling pathway 0.0004 40
SNARE interactions in vesicular 0.0007 15

transport

ErbB signaling pathway
Ga}p junction

Protein digestion and absorption

Other glycan degradatlon ,

Calcmm 'S gn mg pathway
Cell adhesion molecules (CAMSs)

Protein ;Srocessmg in endéplasmm

reticulum
Fc gamma R-mediated e
‘phagocstosis | 00366 ’ ?4 Phosphatidylinositol signaling system 0.0198 25
- mTOR signaling pathway - 00407 15 Apoptosis 0.0258 25
Notch signaling pathway 0.0292 18
H ignaling pathway 0.0202 18

osynthesis - lacto

Insmn‘signaﬁilg‘pathway o o 00316 39 N

Adipocytokine signaling pathway 0.0332 23
Chemokine signaling pathway 0.0377 50
Cell cycle 0.0394 36
Hepatitis C 0.0463 37

Both pathways predicted by up- or down-regulated miRNAs were shaded. Immune, inflammation or liver injury related pathways
were underlined.
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Table 7. The list of enriched pathways (P < 0.05) in the genes predicted to be targeted by up- or down-regulated miRNAs with at least
two-fold change in liver at 24 hour after HAL administration. e

Up-regulated miRNAs Down-regulated miRNAs

Number Number

KEGG pathway P-value ’ of genes KEGG pathway ’ _ vaa!ue of genes

Chemokin signaling pathway ~ 0.0003 68

Amoebiasis 0.0004 39

Biofin metabolism ; 0 0005 1

Phosphaﬂdylmoértol sxgnaimg systcm 001 15 33
Glycosaminoglycan biosynthesis -

0.0126 6 Whnt signaling pathway 0.0012 56

keratan sulfate
SNARE interactions in vesicular 00126 15 Cell oycle 0.0013 47
transport ; o : i

Sphingolipid metabolism
Type 11 diabetes mellxms

- Gapjuncton
Adipocytokine signali mg pathway
Calclum SIgnalmg pathway

Cell adhesion molecules (CAMs) 0.0064 46

Hedgehog signaling pathway 0.0092 22
Notch signaling pathway 0.0293 21 Apoptosis 0.0109 30
Cytokine-cytokine receptor interaction 0.01t 75
Circadian rhythm - mammal 0.0136 12
Hepatitis C 0.0236 43
Tight junction 0.0272 45

p33 signaling pathway e 0.0279 26

- Hrypanosom = SR R e
Maturity onset diabetes of the young 0.0324 9
- Fo gamma R-mediated ghggocytosxs ©o 00387 31

Both pathways predicted by up- or down-regulated miRNAs were shaded. Immune, inflammation or liver injury related pathways
were underlined.

C-4 HAL BX OISO g5 <=v Rk ORIEICEET D2 Z EAHLN LR o7,
2 Pl miRNA OB B T LinL., HAL OFEBERIZ L > THEE
C3 &V, HALRERNPOFEERE HHLAEmRNALEDTENL TSR
E TOEBEMIZIH VTS < O miRNA 2 D, FEFICHFET 5 miRNA O D AH

FEHREHL, TN 00O miRNA BRFERB X 275 L 3RECTH S, £2 T, HAL
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& LTS ORESD72< | HAL
CEESELN ORI TH D IS0 &S
BICHRBEE L miRNA & T2 2
& T.HAL BRI RBEE L 72 miRNA
EERT DI HE L, 705, HAL
L 1B X003 HH% TH DITEERE
O RITIBNT, FEHED L7z miRNA
PHREB L OREBEREEZEH ST
WAFBEMERRB SN, Th b
BET2EFICERZ L, ISO%E 1
BLO3EEBO~ T R FEFICHEL
TV 5 miRNA % miRNA array (2 & 0 &
L7z,

Table 8 121%, ARERICR W B 55
LB LT ISO REFIZRWT 25U E
FEAEB) LT miRNA OFERLZ, Zh
BH® miRNA 22\ T, HAL #5158 &
O3 RFE R IR BAE) L7- miRNA & Hi
fi#ty U7~ % 8% Fig. 6 IZ/R LTz, HAL #
5 1 RE#% 12BN B L7z 10 miRNAs,
ISO &5 1 R RICREIN L& L7z 49

miRNAs D9 H, HBLTNEHDIL6
FEThoT, —F. HAL &5 1 K%
ICFREIEAMET L7z 97 miRNAs, I1SO # 5 1
R ICHBLIMET L7z 43 miRNAs @ 9
b, BELTWH LD EETH -T2
(Fig. 6), F7-. HAL 5 3 K2 IR
28 B L7 58 miRNAs, ISO #5- 3 B
BICHBN EF LT 64 miRNAs D ) b,
HFFLTVWBELOIXISEETH- T, —
75, HAL %5 3 B ICEBMET L
34 miRNAs, 1SO &5 3 K& IR BB K
TLAZ3mMRNAs @95, £ELTND
HOIF 23 BECH o7 (Fig. 6B), K
H 1B LU 3 EFEBZICHRA LR E2133%
BT L7 miRNA 22O\ T, HAL &5
#E L ISO B EREIC R TH5E L 72 miRNA
FEEERAIC LV EE L7 miRNA &5
2bhd, £DH, SHROBEFHICIBN
TIEHAL £ 721X ISO R GIT X > TD A3
WA L7z miRNA [ITOW TR 21T -
7o

Table 8. Number of miRNAs changed at early time points after ISO administration

Time after

administration (h) Up (> 2-fold)  No Change Down (< 0.5-fold) Total
1 49 145 43 237
3 64 142 32 238
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HAL ISO HAL
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ISC
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-

Fig. 6. Venn diagrams showing the overlap of miRNA changed at 1 or 3 hour after HAL or ISO

administration. The up- or down-regulated miRNAs at least two-fold change in liver at 1 hour (A)

and 3 hour (B) after HAL or ISO administration. VEH: Vehicle-treated group, HAL: Halothane-treated

group.

C-5 HAL B XUVISO HEMICEILD)
L 72 miRNA OHEERRE T ORBERN
TR REARAT

HAL ¥ 7212 ISO HEMICEBRS LR &
72 1HE T L7z miRNA O#RER R 5 7=
. % miRNA OFHBEFHEET 5#%
¥ % KEGG pathway I &LV T /T —v3
BT LI Lo THIT L, &IFHIC
BWTHAL 7213 IS0 & 512 L 0 BH L
B E713ET L7z miRNA OHEEZEARE
B % P-value D/ S WIIRIZZ LE 4 Tables
9-12[ZR L7z, F£iz, FEEFICBWVTE
Bl ER F7IET L7 miRNA OHEEE
BORERE 2 3h0 U TPl S 7= 5% 2 i #
FTRL, RE, KER K UHAEICE

106

bHREE TR TR LR, BITIZIE Fig. 6
TR L7z HAL £ 721X 1SO BRI HBE
L7z miRNA Wz, 28, FHISH
TERRBD S B, RSN TOREEZ 5%
BERRI LT,
ZOFER. EikS 1 BERICBWT
HAL %542 & 0 %3 EH Uz miRNA
HEEIRAIRRE 1T 5 B A TR S 41, 1SO
BEIZ LY BB EF L7z miRNA OHEE
AR 23 BES TSN/, HAL
BEFEL ISOREHICBWTHELTT
RSN EBITAEETH o (Table 9),
BE5 1 RFEZICHAL SREHIEAN LR
9% miRNA OHEFEREIRE 1T Drug
metabolism — cytochrome P450 D& T -



oo —J7. ISO BEBITB WV THRES
ORIEBBE ORI & LT TGF-B signaling

pathway 23808 o T &7z,

Table 9. The list of enriched pathways (P < 0.05) in the genes predicted to be targeted by up-regulated miRNAs with at least
two-fold change in liver at 1 hour after only HAL or ISO administration.

HAL-administered group

ISO-administered group

chondroitin sulfate

Number Number
KEGG pathway P-value  of genes KEGG pathway P-value  of genes
Drug metabolism - 0.0047 1 Glycosaminoglycan biosynthesis - heparan SE26 10
cytochrome P450 . , sulfate
.01 £ Mugcin type O-Glycan biosynthesis 1E-11 12
) : i .02 Lysine degradatxon 3E-11 22
- Pathways in cancer .0378 Pathways in cancer  9B-08 . 103
‘mTOR signali gpaﬁaway 0.0378 ErbB signaling’ pathway 2E-05 38
Wat signaling pathway 4E-05 55
' MAPK signali g pathway 0.0003 83
Regulation of actin cytoskeleton 0.0003 72
Insulin signaling pathway 0.0003 50
Gap junction 0.0004 30
~mTOR. sxgnaimg pathway - 2000120023
Endocytosis 0.0016 67
Focal adhesion 0.0023 63
‘Bacterial invasion of epithelial cells - 00031 260
TGFE-betas @g_i g pathway 0.0034 28
Tight junction 0.0095 43
Fc gamma R-mediated phagocytosis 0.0107 32
mRNA surveillance pathway 0.0107 31
Adipocytokine signaling pathway 0.0129 23
Phosphatidylinositol signaling system 0.0226 26
Gl)fcosphmgohpxd biosynthesis - ganglio 0.0343 5
series
Adherens junction 0.0424 28
Glycosaminoglycan biosynthesis - 0.0467 4

Both pathways predicted by HAL- or ISO-specific miRNAs were shaded. Immune, inflammation or liver injury related pathways

were underlined.

TR E 1 RRZICBWTHAL #5141 &
D RBUEKT L7 miRNA OHEEERREE
A2 EEAFRISh, ISOREICLDH
BUET L7 miRNA OHEEZAREIT 8
EATR S, HAL 58 L 1ISO &5
BECRBWTHRBL TTFRISNREIT 7
FE CTdH o7z (Table 10), #5 1 BERIEIZ
HAL ¥ 289ICFHBEBMET 3 2 miRNA O
HEZMREIIISEBEHY. ZhboR
B D CREIS XL ORAE ICBIE T 2 R
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IZ T cell receptor signaling pathway, VEGF
signaling pathway. Leucocyte
transendothelial migration, Jak-STAT
signaling pathway, Chemokine signaling
pathway. Apoptosis, Hepatitis C, B cell
receptor signaling pathway @ 9 F&E¥EH D %58
BEPR->TE, —F., ISOEEHICE
WTIIRER L URIEICEET 2R EEIT
BRSTIRholz,



Table 10. The list of enriched pathways (P < 0.05) in the genes predicted to be targeted by down-regulated miRNAs with af least
two-fold change in liver at 1 hour after only HAL or ISO administration.

HAL-administered group 1SO-administered group
Number Number
KEGG pathway P-value - of genes KEGG pathway P-value  of genes

Focal adhesion , . 1B7E-09 105

ition of actin cytoskeletcn
N _ signaling pathway 30 2
ECM-receptor interaction 1.36E-06 36

2.75E-06

Mucin type O-Glycan biosynthesis

: gpathway
Glycosammogiycan blosynthesm -

0.0001 11

heparan sulfate

Glycosaminoglycan biosynthesis -

chondroitin sulfate 0.0001 10
Insulin sxgnalmg pathway 0.00015 65

Glycerophosphohpld metabchsm 0.00052 41 ‘

T cell receptor signaling pathway 0.00108 53
Amoebiasis 0.00108 48
p53 signaling pathway 0.00142 34
SNARE interactions in vesicular 0.0017 18
transport )

mTOR signaling pathway 0.00173 29
‘Wnht signaling pathway 0.0019 68
Biotin metabolism 0.00222 1

Ubiquitin mediated proteolysis 0.00349 62
Glyco.sphm.go] ipid biosynthesis - 0.00399 7
ganglio series

VEGEF signaling pathway 0.00445 36
Bacterial invasion of epithelial cells 0.00532 33
Fc gamma R-mediated phagocytosis 0.00553 41
Hedgehog signaling pathway 0.00895 26

Leukocvyte transendothelial migration 0.0091 48
Chagas disease (American

L 0.01197 45
trypanosomiasis)
Jak-STAT signaling pathway 0.01274 62
Sphingolipid metabolism 0.01294 18
Chemokine signaling pathway 0.013 73
Phosphatidylinositol signaling system 0.013 38
Apoptosis 0.02019 36
Prc?tem processing in endoplasmic 0.03116 63
reticulum
Hepatitis C 0.03189 55
Toxoplasmosis 0.03189 46
B cell receptor signaling pathway 0.03707 33
Fc epsilon RI signaling pathway 0.03805 33
Fatty acid metabolism 0.04022 14

Both pathways predicted by HAL- or ISO-specific miRNAs were shaded. Immune, inflammation or liver i injury related pathways
were underlined.

108



Table 11. The list of enriched pathways (£ < 0.05) in the genes predicted to be targeted by up-regulated miRNAs with at least
two-fold change in liver at 3 hour after only HAL or ISO administration.

HAL-administered group ISO-administered group
Number Number
KEGG pathway P-value  of genes KEGG pathway P-value of genes
S S T Glycosaminoglycan biosynthesis - 2E-21 7

_ heparan sulfate

TGF-beta signaling pathway -~ 2E05 . 36
’Bactenal invasion of eptthehal cells ’

5 Bndocytosts

Notch signaling pathway ' ‘ 0.00302 17
Insulin signaling pathway : 10.00494 - 34
Tight junction 0.005 32
Leukocyte transendothelial migration 0.00765 28 proteolysis- - .0.00:
VEGF signaling pathway =~ 0.00982 - 21 Type I dlabetes melhtus 0.0047 19
Maturity onset diabetes of the young 001251 7 Fc gamima R-mediated phagocytosis 0.0051 32
Ubiguitin mediated proteolysis 00339532 Phosphatidylinositol signaling system  0.0064 27
Hedgehog signaling pathway 0.03795 15 B cell receptor signaling pathway 0.0071 27

e B e g Chagas disease (American
mTOR stgnahng pathway y B 0.037 95 T 15 o trypanosomiasis) 0.0191 31
Bladder cancer 0.03795 13 , Gap )unctmn ~ 0.0191 30
beta-Alanine metabolism 003866 7 : 00209 8
Cell cycle 0.03978 27 Chemokine sxgnalmg pathway kO 0332 ' ‘52
Fc epsilon RI signaling pathway 0.04623 20 Hepatitis C 0.0332 37
Protein processing in endoplasmic 004851 36 Carbohydrate digestion and absorption ~ 0.0374 13
reticulum )

VEGE Sigahng pathway . 0 0483 . 24

Both pathways predicted by HAL- or ISO-specific miRNAs were shaded. Immune, inflammation or liver i mjury related pathways
were underlined.

EYHREIFMBICBOTHALREICK ZhbORBOF TRER X CKEEIC
D RE EF U7 miRNA OHEEEREK B 5% & LT Cytokine-cytokine

126 EATFRIE L, ISOBREIZLYHE  receptor interaction, Leucocyte

B E5H L7 miRNA é)?ﬁﬁﬁﬁ%ﬁ’ﬂﬁ%&i 29 transendothelial pathway 232623 > T & 7=,
BESFH SN, HALBEH L ISO% —F, ISOBREMIZEAR LRSS
BRICBOTHE L TPHENTRKEIET miRNA OHEFENRKIZ 3EETHY .
6 BETh o7z, #5 3 RfE#%IC HAL % DT B cell receptor signaling pathway .
FrRAICRBED LH T 5 miRNA OHEE Chemokine signaling pathway, Hepatitis C
FRAYRERIT 10 BE TH o7z (Table 11), ERER LUOREBEORE TH o7,
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Table 12. The list of enriched pathways (P < 0.05) in the genes predicted to be targeted by down-regulated miRNAs with at least
two-fold change in liver at 3 hour after only HAL or ISO administration.... .

HAL-administered group 1SO-administered group
Number
Number of
KEGG pathway P-value  of genes KEGG pathway P-value  genes

Glycosaminoglycan biosynthesis - [ 34E-05

chondroitin sulfate

Adherens junction 0.00027 12
Pathways in cancer - S 000027 34
Bacterial invasion of epxthehal cells 0.00946 9

Fc gamma R-medlated phagocytosxs

0. 01064

ECM-receptor interaction 4E-31 19

kProtem igestion and al sorpnon O 005 V

Mucm type O-Glycan bxosynthesm ) 0.0018 6
i i S 00054 23
Faxty acid elongatxon in m:tochondna 0.0058 1
VEGF signaling pathway 0.0119 17
Whnt signaling pathway 0.0471 25
Insulin signaling pathway 0.0471 24
Gap junction 0.0471 18
Apoptosis 0.0471 14

Both pathways predicted by HAL- or ISO-specific miRNAs were shaded. Immune, inflammation or liver injury related pathways

were underlined.

HW 5 3 FFRI%IZ T HAL 8540
KU FHEBUET L7z miRNA OHEFEIERIZR
BRIZI0EES TR S, ISOREITKY
FBET L= miRNA OHEEZRREBIX
16 FEEA T S 417z (Table 12), HAL #
EREL ISOBEBICB O TIHEL TFAR
ENEBIR6EE Th o7, BEIH
MRIC HAL 2N BERNET T2
miRNA O ERHREIL4BETH Y,
IO ORBEOFTHER LOREICE
ETARKIIEN - TZ oz, —H,
ISO # RHIZFEHIME T 5 miRNA D
TEARHRRIR O C, VEGF signaling
pathway 2350 38 & UMRIE B DRI &
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LT, BmBERONE R~ DEE,
Jak-STAT ¥ 7 T NVRBRBEB IO EH A
VT F VR EORER L ORIEICE
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miRNA OHEEREEEIZE T, T
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Table 13. Reported target genes of miRNAs whose expression was increased or decreased in liver at 1 hour after

HAL adminisiration.
miRNA Target Gene
Up-regulated
Adipor2 adiponectin receptor 2
Ahr aryl-hydrocarbon receptor
Clgbp complement component 1, q subcomponent binding protein
Insml insulinoma-associated 1
mmu-miR-375 Jak2 Janus kinase 2
Mipn Myotrophin
Mxil Max interacting protein 1
Olfr75-psl olfactory receptor 75, pseudogene 1
Uspl ubiquitin specific peptidase 1
Down-regulated -
Lin28a 1in-28 homolog A (C. elegans)
Myc myelocytomatosis oncogene
mmu-let-7¢ Mven v-myc myelocytomatosis viral related oncogene, neuroblastoma
Y derived (avian)
Sall4 sal-like 4 (Drosophila)
Bdnf brain derived neurotrophic factor
mmu-let-’/d ..Drd3 dopamine receptor D3
Aktl thymoma viral proto-oncogene 1
Atxnl ataxin 1
mmu-miR-101a COx2 cytochrome ¢ oxidase 11, mitochondrial
Duspl dual specificity phosphatase 1
Icos inducible T cell co-stimulator
i Mapk14 mitogen-activated protein kinase 14
mmu-miR-106b Stat3 signal transducer and activator of transcription 3
Abtb1 ankyrin repeat and BTB (POZ) domain containing 1
Apln Apelin
Arid3a AT rich interactive domain 3A (BRIGHT-like)
Arid3b AT rich interactive domain 3B
Bmf BCL2 modifying factor
Ddx19b DEAD (Asp-Glu-Ala-Asp) box polypeptide 19b
Dustl dihydrouridine synthas¢ I-like (S. cerevisiae)
Entpd4 ectonucleoside triphosphate diphosphohydrolase 4
Igf2 insulin-like growth factor 2
: Jub ajuba LIM protein
- mmu-miR-123b-5p KIf13 Kruppol-like factor 13
Lin28a lin-28 homolog A (C. elegans)
Map2k7 mitogen-activated protein kinase kinase 7
Ppt2 palmitoyl-protein thicesterase 2
Rhebl1 Ras homolog enriched in brain like 1
Smo smoothened homolog (Drosophila)
Tnf tumor necrosis factor
Tor2a torsin family 2, member A
Trim71 tripartite motif-containing 71
Zfp385a zine finger protein 385A
Hoxa9 homeobox A9
Pik3r2 phosphatidylinositol 3-kinase, regulatory subunit, polypeptide 2
(p85 beta)
mmu-miR-126-3p Runxl runt related transcription factor 1
Sfpil SFFV proviral integration 1
Spred1 sprouty protein with EVH-1 domain 1, related sequence
Tall T cell acute lymphocytic leukemia 1
Runx1 runt related transcription factor 1
mmu-miR-126-5p Stpil SFFV proviral integration 1
Tall T cell acute lymphocytic leukemia 1
mmu-miR-127 Rill retrotransposon-like 1
; Atxnl ataxin 1
mumu-miR-130a Zfpm?2 zinc finger protein, multitype 2
mmu-miR-145 Camk2d calcium/calmodulin-dependent protein kinase 11, delta
Hoxa9 homeobox A9
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Irs1 insulin receptor substrate 1
Kif4 Kruppel-like factor 4 (gut)
Prkcee protein kinase C, epsilon
. Camk2a calcium/calmodulin-dependent protein kinase 11 alpha
mmu-miR-148a Kdméb KDM1 lysine (K)-specific demethylase 6B
mmu-miR-148b Camk2a calcium/calmodulin-dependent protein kinase II alpha
mmu-miR-152 Camk2a calcium/calmodulin-dependent protein kinase II alpha
Bel2 B cell leukemia/lymphoma 2
Cadm1 cell adhesion molecule 1
mmu-miR-15a Cendl cyclin D1
Eln Elastin
Wni3a wingless-related MMTYV integration site 3A
mmu-miR-15b Arl2 ADP-ribosylation factor-like 2
Mapk14 mitogen-activated protein kinase 14
mmu-miR-17 RblI2 retinoblastoma-like 2
Stat3 signal transducer and activator of transcription 3
mmu-miR-192 Sipl survival of motor neuron protein interacting protein 1
mmu-miR-19b Aicda activation-induced cytidine deaminase
Ctnnb1 catenin (cadherin associated protein), beta 1
Dix5 distal-less homeobox 5
mmu-miR-200a Fitl FMS-like tyrosine kinase 1
Nrpl neuropilin 1
Zeb2 zine finger E-box binding homeobox 2
Fhl FMS-like tyrosine kinase 1
mmu-~-miR-200c Zebl zine finger E-box binding homeobox 1
Zeb2 zinc finger E-box binding homeobox 2
g Hifla hypoxia inducible factor 1, alpha subunit
mmu-miR-20b Vegfa vascular endothelial growth factor A
Fasl Fas ligand (TNF superfamily, member 6)
Pded4 programmed cell death 4
Pelil pellino 1
mmu-miR-21 Pten phosphatase and tensin homolog
Reck reversion-inducing-cysteine-rich protein with kazal motifs
Spryl sprouty homolog 1 (Drosophila)
Spry2 sprouty homolog 2 (Drosophila)
mmu-miR-214 Poudf2 POU domain, class 4, transcription factor 2
Bnip3 BCL2/adenovirus E1B interacting protein 3
mmu-miR-221 Ddit4 DNA-damage-inducible transcript 4
Kit kit oncogene
mmu-miR-222 Kit kit oncogene
Smad3 SMAD family member 3
mmu-miR-24 Smad4 SMAD family member 4
. Smad5 SMAD family member 5
mmu-~miR-~25 Fbxw7 F-box and WD-40 domain protein 7
mmu-miR-26a Ezh2 enhancer of zeste homolog 2 (Drosophila)
mmu-miR-26b Lefl lymphoid enhancer binding factor 1
Odcl ornithine decarboxylase, structural 1
mmu-miR-27a Pparg peroxisome prolifef'atpr activated receptor gamma
Runx1 runt related transcription factor 1
Srm spermidine synthase
Mef2c myocyte enhancer factor 2C
Runx1 runt related transeription factor 1
mmu-miR-27b Smad3 SMAD family member 3
Smad4 SMAD family member 4
Smad5 SMAD family member 5
mmu-miR-28 Srsfl serine/arginine-rich splicing factor 1
mmu-miR-295 Cdknla cyclin-dependent kinase inhibitor 1A (P21)
mmu-miR-29a Colla2 collagen, type I, alpha 2
Col3al collagen, type 111, alpha 1
Dnmt3a DNA methyltransferase 3A
Dnmt3b DNA methyliransferase 3B
Eln Elastin
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Fbnl fibrillin 1

Zfp36 zinc finger protein36 o

Acvi2a "~ activinreceptor HA

Bakl BCL2-antagonist/killer 1

Bbc3 BCL2 binding component 3

Bel2111 BCL2-like 11 (apoptosis facilitator)

Bmf BCL2 modifying factor

Collal collagen, type 1, alpha 1

Colla2 collagen, type I, alpha 2

Col3al coltagen, type IIL; alpha 1

Colda2 collagen, type IV, alpha 2
mmu-miR-2%b Col5a3 collagen, type V, alpha 3

Cinnbipl catenin beta inferacting protein 1

Dnmt3a DNA methyltransferase 3A

Dnmt3b DNA methyltransferase 3B

Dusp2 dual specificity phosphatase 2

Eln Elastin

Fbnl fibrillin 1

Hdac4 histone deacetylase 4

Hrk harakiri, BCL2 interacting protein (contains only BH3 domain)

Tetb3 transforming growth factor, beta 3
mmu-mjR-29¢ Yyl YY1 transcription factor

Abcblb ATP-binding cassette, sub-family B (MDR/TAP), miember 1B

Akl adenylate kinase 1
mmu-miR-30a Bdnf brain derived neurotrophic factor

Egfr epidermal growth factor receptor

Inhba inhibin beta-A

Tnrcéa trinucleotide repeat containing 6a
mmu-miR-30d Bdnf brain derived neurotrophic factor

Fzd4 frizzled homolog 4 (Drosophila)
mmu-miR-31 Hifla hypoxia inducible factor 1, alpha subunit

Pdgfb platelet derived growth factor, B polypeptide
minu-miR-322 Arf2 ADP-ribosylation factor-like 2
mmu-miR-339-5p Kdméb KDMI1 lysine (K)-specific demethylase 6B
mmu-miR-494 Hsf2 heat shock factor 2

. Bel2 B cell leukemia/lymphoma 2

mimu-miR-457 Bel212 BCL2-like 2

Eln Elastin
mmu-miR-676 Argl arginase, liver
mmu-miR-92a Trp63 transformation related protein 63
mmu-miR-93 Stat3 signal transducer and activator of transcription 3

Table 14. Reported target genes of miRNAs whose expression was increased or decreased in liver at 3 hour after
HAL administration.

miRNA Target Gene
Up-regulated

mmu-miR-10a Hdac4 histone deacetylase 4

mmu-miR-125b-5p Abtbl ankyrin repeat and BTB (POZ) domain containing 1
Apln Apelin
Arid3a AT rich interactive domain 3A (BRIGHT-like)
Arid3b AT rich interactive domain 3B
Bmf BCL2 modifying factor )
Ddx19b DEAD (Asp-Glu-Ala-Asp) box polypeptide 19b
Dusil dihydrouridine synthase 1-like (S. cerevisiae)
Entpd4 ectonucleoside triphosphate diphosphohydrolase 4
Igf2 insulin-like growth factor 2
Jub ajuba LIM protein
KIf13 Kruppel-like factor 13
Lin28a lin-28 homolog A (C. elegans)
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Map2k7

mitogen-activated protein kinase kinase 7

Ppt2 palmitoyl-protein thioesterase 2

Rhebll Ras homolog enriched in brain like 1

Smo smoothened homolog (Drosophila)

Tof tumor necrosis factor

Tor2a torsin family 2, member A

Trim71 tripartite motif-containing 71

Zfp385a zinc finger protein 385A
mmu-miR-142-3p Adcy9 adenylate cyclase 9
mmu-miR-25 Fbxw7 F-box and WD-40 domain protein 7
mmu-miR-28 Srsfl serine/arginine-rich splicing factor 1

Adipor2 adiponectin receptor 2

Ahr aryl-hydrocarbon receptor

Clgbp complement component 1, g subcomponent binding protein

Insm1 insulinoma-associated 1
mmu-miR-~375 Jak2 Janus kinase 2

Mtpn Myotrophin

Mxil Max interacting protein 1

Olfi75-psl olfactory receptor 75, pseudogene 1

Uspl ubiquitin specific peptidase 1
mmu-miR-494 Hsf2 heat shock factor 2

Bel2 B cell leukemia/lymphoma 2
mmu-miR-497 Bel212 BCL2-like 2

Eln Elastin
mmu-miR-709 Ctefl CCCTC-binding factor (zinc finger protein)-like

Down-regulated
n. Ezh2 enhancer of zeste homolog 2 (Drosophila)

mmu-miR-137 Tbx3 T-box 3 ¢
mmu-miR-381 Bdnf brain derived neurotrophic factor
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Table 15. Numeber of genes selected by MeSH analysis.

Keywords Number of genes
Apoptosis 3961
Cell Adhesion 1893
Glutathione 465
Hepatitis 166
Immunity, Innate 1276
Inflammation 1779
Liver Diseases 305
Necrosis 498
Oxidative Stress 1165
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