. MR
TRSEME NS (269~ DA B RIS WL D ESL

WHERFEHR KA APRIET

I1. Srfamfrgeass
1. BREEMAREE ORREZHE B & ik

e ESR  ARIE

WHoE s A e RIS, EEA—

W Pids—. BRES, BIE . FEREFEDF. R TIEE,
U 29N, CPRRASIG, TLRDRES, F T, A Rk, IR,
TR DGR, JTILZEAT, SFRERE, BR)IEL, s
R

2. FIRIHZES - IREREAE B O3 BN AR IZ B4 2 S il L 2 OGRS ——

WHIEs s P . ARIE
WHIEH 8 R R IEZ
3. WEEMEIREE 6T DM ERIZKNED L (ARG (2

B9 2058
WHoEs g LR
4. MBEPAVRBIFER AL A~ —I—IZBET 2018

WFFEST A IR RISC
WHIER IE K gk AT SR

5. WCEMENRAE 23 A DAL EIRER I ZBE 9 5 0P8
WHoE s RS . APRIET
WHFEls A ERESL, L E

IT1. AFFERROTFHTICRI % &R

V. WFZERCROTATY - Bl




% SRR AR S B BB &
ReTERT e S =

REEMERR AR 209 D e A OB WA DORESL

WFFEAEH IPRIE " CRBR T SER 2R BT RSB

IS wagisE ) A ORBRTT SER SR SR i e )
A HRISC CRBR T SER R BT AR R N FHT)
HER— ORBRSERZEE RNt &2 v 4 —)
i = (B RAZERE 23 A > F — IR BERZ IR
TRk (ENLA AT v 7 — et v & —)
RS . (ERERRZERREFEHERE R VA M)
MARTTAZE (R RZEBEE SR SR BR BT R )

WHoeth /1#H TS —, BEPREE, BN mEFT, KTIEZ,
U XN, OHERASRS. TTHRH ., 5 RS (ORISR R
BeAT ARSI B2
Ff L JIATILSE, TR+ /NESL, T ZE T, <F
PR ORBRT SR R BT AR R AR N )
ARINTER (RIHNLR R 2B et T B R
Ve ORISR FE RSP ET)
W& — (R @ SEFDG kw2 - Jr@f e e & —)
PR ORAl (SRR SRR BRIT TR IR 5% -« TERERKRETN B
=HEER (BERLAAMEE v 2 — R - SRERIFgE e v 2 —)
AR (BT SURBEH s R

E]

MRS

(1) vZ7uu x4y (DCM) X 1,2-v7uournr/X (DCP) |Z&RINT-IEEECR
FEE BEFIRAATH OMZIZH T, FEEEICIN 2 TR BEFIRASA 1 4 & onRHiesE
BThole 1 &5, SHEEMIZee%2E L L TNboTo, WEEEDOKRZIZE W TR
DOHIBEFIES S 4T 18 Bl A & 72 2 IR & W SN BB IR LT, SMRHBR & MifT L.
Z OFBEAR R, BRSECRERRIUC SN T, [FEBE T 2015 4ERICIEME AR & &
LTHIGBELRZ T e, ThETO S HREERITHT 2RASCHRBZ O, Brm24 (14
T TSR, 1 Bl ERT) . BER—T o 1 4 (23 T) BL O 14 (i
P okt OMEE AT HUERHH LI,

(2) FMEHIIBRIS L OYRERAZSIHES T 16 BIORRERFRIMEHT Lo T, 1T & A LD gy R
JEAEIZ IV T B EG . IERONTERZEH 2 WIXRHERE LB 6N TWnD
Biliary intraepithelial neoplasia (BilIN)<° intraductal papillary neoplasm of bile duct




(IPNB) JRZEMNH BTz, FRCIRSEME IR FEIE B O BT R E ORI TH 298 & b
PR MENRE LR G 2 R TIRE I Z DO X 5 il x OIRENA LT, Fio, NHiPH O NEE
2y H2AX Btk T o7z, T/ 5, DNA GEA L5 BMERE 5% 5 BIlIN X° IPNB ©
RERAZR T, RIEBICED LB b, 2ETOZE < OBSEMIREFEERIZBWT
b AR OFT R 2 L 2 T2,

(3) Ftd X OBTEEHE THIRE L 72 IESEMENRAE R & 18 5 O IR R AE B D Lt ds L OV lE]
D7 FRIRBED T — F = A e FIN T VB EERE B D P & o T TSENENRAE e 1
Tid. #FH, y-GTP @i, RBVEIRELESG ., BilIN <° IPNB WA b5 Z L 3K
ThD I LRSI,

(4) SEHEHEBZ e 5 &, ik, JEVENEY 2 EOAOHEZ (O ERN %< B
EEMNEEOHEDRIEIZEEL TV D HRENRE Z bz, o, ZHLHHEREERD
H OB I, Z OFBERILEWIFER T > > ¥ /LN AHPHORRE I A 5 4 5 Ik
PERRAFE DM L 2 b, FEREEOFUIRIC LY . BAFREN S D AEF A
BV FEMA IR E T 5 ATRetE S s S 7,

(5) LLED X D 22 skt BNk EMENB A B H O BRI, BTG o HEEE
Bl X OES~ — —OHE, EEEERREZITV., TALOBME TEREFRLNZL
ni=%a. MRI (MRCP) X CT #%EfE L., S HIZHHESIAMAITIEIRIEERIC K 5 IHiE
2. M2k LOHMMZIC Lo THREZKEZHG LA 7 ) —= U ZIEREE LW EB I BN
oo Fo. HABBERZICEWN TS, BEEHERIIMA TEHOMEREDO Y 27 13 H 5720,
EWIR 72 MR A & BRI LETH D LB X b,

(6) WFEMEALERICIST 5 DNA A F AT OBS-. 6 X OWBE LR RBIZE L TR
PR 0 e BT 2 AT o 7o R A IRCEMEIBAE e CIRIE S 721 Tl e S FEIEISRIC BV T
t DNA 2 F b %53 % DNA methyltransferases (DNMTs) OFEBLATTHL TV 5
ZEBHONE o7, T L BB E O L BRI FEIZIV T DNA A F
IMEERENEREL, T8 2T 4 v 7 IRBPAOBHBTE ST D ATREME RIE S
ATz WEENMENR B D NEAE ] FRARME L ORERR AR & L C, B PAIZ a-smooth muscle
actin  (a-SMA) 51 DHGEER AR A £ < 38D 72 AT R A PRI L MR AE 2 1L L Ty
Too — 7Ty BREEVENRAE R O a-SMA BEH:ARAE D 23 A W Lo NE A8 JE AR HE L O F2 BE 1 X PAZEME
FH & TR > Tz, TR O OPTRIL, BEEMAE R ORI 3 X O L O
fRIICAE R & B 2 b,

(7) WSEMENRERRIER] 4 GlOT 7 Y ARSI D | @HFRRERS 7 L EF LR




20 b TEMEEDOHRMINAR, @ HEEBROE A « T F L AEHBONA T A
WA, @FrRAYe 3 HHEWL N Z — 2 NRO BT, 23D ORI 51251 1278
b, TNETORBULRIBERED T ) AT THORBEDO LD TH L Z L b, HEEN
) MMENIC L VBN AER T 0 7 7 A LRRREBERMAS T D5 ) DAL F~v—T—
2720 5B LBz b,

(8) Wy —r = =% AT, MiFE7 VY — L miRNA Z T U772k, IFAN
JRAE 23 A & FRIES Ay EFHFZERENDOT Y VY — AR OEEIT ) 770 75, 880 7.
800 5 U — RGBT/, NI L7~ miRNA 13 36 FE CRMiRIZ T4.5% THY, =7 Y
Y — LW miRNA ZIRE N ABK~— D — L LTHEATE D Z L2/ LT,

(9) EAETEEIZ L > THIICHEMIE R EREI N 6 LI OWT, AL T
WEORBARET DL L bIC, BROEREZ I L CREIREAHE L, 2WErEmIE
40 AN 4 4, BOTERD 24 TH D, 64H 5 AIXFIRIEEE THY . DCP 35 X1 DCM
WCIEBE SN TEBY ., &EREEE !X DCP 28 190~560 ppm, DCM 7% 300~980 ppm & #E
TE S, 1 H B oo By 7 B 2978 1T DCP 3 13~230 ppm, DCM %% 20~470 ppm
EHEE ST, D 1 NIT IC I — NICHEE AR L O ER LAl 2 2 —T 1 v 73 5 3B
WHFELTEBY, a—7T 4 7O — L EIZ DCP 2 L Tz, DCP D& mlRkiER
FEIE 150 ppm & HEE S AL, 1 H S5 @R oD e i) faf B 2JPR 1T 5~19 ppm & HEE 7z,
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T2, ETHTEMTFHIRREHT X 0 BEEM
FEASIE DFEIE A T1 = R I DFRIA & B4
T~ —N—%RHT 5, I OICHRFEEY:
BIFT L. 5 FAEWR AT i, BRI IR
EB LS % OREEZ W R OMITIZ LV
FREVEREIE D NA U AT T N—T DFTE
& N RIE T 2 5 D T (R HER2 B & 1
RERAE
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TR SEVENRE & W SN TIEBIIC BT 2
BRGSO i R A BT L, @s ORRE
JEFIOZND & T 5, £, BETK
FABED T — 2 = R % [ THAENE (50 %
i) MERIEF OTND & T 5,
SEMEABE R D UIBREFE AT PRSI A 2
N SRR O R 2 T B RO MR Y
BT, TREEMERRAE R D FE i 2 2 f et
95 & LT, BE OERIER & Db
AT 9, S BIT, WEEVEALE FER] &k
D B S IE 1 OFE I F K OFEE IR A D 2
AR —LBLONT A7 U T h—Afif
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DFHEEF LT D, S HICRIR T —
oY —%HWT, MiEh=r YV —2A



Hi~A 7 1 RNA Zfi#fr L. IREESH~—
—L L COEREHR Lz, —FH. BE
PERRAE I OMRFRIRI A B s L, %
DOEREEIX % [FE LTz,

CERl 55 {8512 A B a0 2 NEAEJE FEE D %%
e (KGEE S 2368) & L TR
REFEEASIMEEZERB IO 17 LR
fENTICHE D < NBE D FEA - HER D 5311
WO | RREF S 2840) & L TR
NERFE N AR TR EICBE T S
M EREROAKR LG TTo7, £72. B
BN A DIRZEVERIE O R RIfRI & A
~—N—B%) Ove N7 b EEF

ENTIZ B 2 f BEFR EHT RV WFZE A Gl L,

ESLS ARG v 2 — i e m B R TR E S
DAGR (2014-072) ZHHTHEE L7,
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(1) 2RO

KBRDOHEI S -0t & 2 WIZHREEE D
2> HDCM°DCPICIER L& E 2 bivd
BB X OMEEREE B TR+ (DCP %
BIEFH) (TR LT aiTo7z, WERE
WA T, EFREHTRRAMNE 14 &l
HAEER Tho7c 1 44705, KRBT 725
L LTlbole, BREEMIEED
R TdH 5 v -GTP Ffemfamn 4 Hilic
5L, 9B 261 TIEMRCP <° CT IZ L 51
THEAT- T2, Bl R AEERIER 1TH 6
otz

WEAEE D2 IC B W TRIAET 18 filF &
7B EE & W S B E T LT, Ab
BHRIE & AT LTz, % O PR AR ROk
IRGAEIC FE DWW T R 2015 KI297
KWEEZIT T,

ZHE TORMEERICKTT 2 HESH

B ORER, FHEERICBNTHE 24 (1
BNET CTITFEL, 1 BT FERmT) . KE
RN—T N 14 (BR2ERT) LU
1 4 (fhpzcRBm@igET) o2 f15
PEEEDHW LT, 7ok, BEO 14103,
VETH -T2, 2014 A2 International
Agency for Research on Cancer (IARC)!Z
BWTHEEY A7 08 group 1 & WESNT-
NV ZuavxF Ly OBREREAT 5 AHE
PEGETERNoT, EHICY Z7mnm
TF U UNERE B 2 B EIEFRBEE
ZH35 1 % (Kubo S, et al. J Occup
Health 2015:57:87-90) 35 X UM TN
FCTh D BRFREE 1AL THHEZ
FEhHFThH 5,

(2) BRI BRSO AT

BUE, WEEMENBAE i & 588 S LTV DUE
Blix, KB S #to 18 flz & T, &FET
38HITHD, ZNHDIEBIDH B, BED
DUVNTBEFE L ARG, R
HIRRRI A FTRE T » 72 16 Bl DR B AT
R AT LT,

UIBREA O 2EIE (K 124 YIR) %R
BrL z 7z 8 Bz T, 2FiE O
AT, & B2 Wric B D IRE G 2 el L,
~ v BT EAT UTe, T ORER, EEE
X o b ARG LR % 7~ 3 s R Al Y
JHF PO RBAE 9 O NEAE N 6 BN IBAE ¥ C &
Sz, 3 file b g R (JFAMBEE
D OIFNEE 8 IRGTEL) DIF & A E DL T,
EAE SOAT S R D B A, MELAEP Y R4
NBAE JE P O E B 2o kg (BRiE(L) 72 &
1BPERRE 1, ARE R ORTRERZA & 5 WIT R
M RE L E 2 6 TWw b Biliary
(BilIN) =

intraepithelial neoplasia



intraductal papillary neoplasm of bile
duct (IPNB) AZ&bilz, R, LLATX
D BEEVENRAE B O BIE RIRFE & FR L T X
7o, JRFEVERE(LMEIRE 8 (PSC) DB
WL L72, Bl KD ME A Z (bl
PR JR) MR AT P9 RRLAE SR8k 18 & R 9T IRE T
BilIN & IPNB J5RZ8RfHE 8 D fif 2728 7 &
o 2D OFFEFRYZE LA I T oKy
MEBIHEL TWDHEEZI BN, EHIT,
DNA &5 477 v -H2AX (T X 5 ki ik
LA EAT O & IRIFIER IS A2 DI
BPEARE 5%, BilIN, IPNB £ X ONRiHEE
DERLICHETH Y IBERKIZDIZ > T
DNA HENRAELCTND Z LAV L7, &
7=, FEAL % v S100P 12 & 5 S hhik 20
IEta1T 9 & BIlIN, IPNB &2 Tk
PETH Y | BIlIN X° IPNB O B CTRa{b3
HOND T ENH LI, bbb, 13k
Al EDIRE T DNA 5ENH L, B PEE
E5EN D BilIN X° IPNB ORTEFRZA % %
T, REEIZED B2 bz (Kinoshita
M, et al. J Hepatobiliary Pancreat Sci
2016:23:92-101), 7235, [AlFLAEAEEEAER] D
1 B, MRS DA R, BE
FEOFRILA SN2 D DIFRETHEL
L7zis, BRI ofs R, g 2 5T
JTRRME(L D FEBR 2R AT I3 2 B 72 Z & D3|
B L7 (Tomimaru Y, et al. Hepatol Res
2015;45:488-93)

RE ORIEVEIEFEG D 5 5, KAUAE
B DR TR AN ATHE T o o T ABHA K
& D VIIIRERFRIAM T oA T2 16 BT, 4
Bl IR 5 36 O BIlIN 2372 H i,
IPNB 732 < DIERI TR STz, T7b
B RGP O RRAE (TR AR AR 5 T ORI
ERRDOHID Z LA WFEMEE O

HYPHRHE T DL ENHBHL L

(Kinoshita M, et al. J Hepatobiliary
Pancreat Sci 2016;23:92-101),

Ak M REE o8 O REAE A LS DN T LA
KRIZEHENDEIZIREEL ~ L DTN B 25
fili Xt ¢ & L 7=, a-smooth muscle actin
(a-SMA) D 50 3% Yute, Tl TRZEMENRE I DO i
(L U7 B JE FHIZ a-SMA B EDRGHER Al ia
ZZHERDH | 2D a-SMA BRI 5347 IR
% PSC (ZHLIL Cu iz, st FREL 72 PAZEME
JE &7 A VAT /I RE 28 CIINEAE T PR R
FEMEIZ a-SMA MR 278D 5D T Tz,
JHFIEE D a-SMA [ HEMIRE o 23 A7 1 [F—iE il
THURYE—ThoTod, UANVAVENT 2% /Il
L THb SO A 7RO 72, BkEMENLE
FEOFFEETDO a-SMA BEIEMALD 5 4 1%
PSC LEEZREREIL THY, FEEND J/ATHIIC
MR DTG AL 2R D T, PHIEME S IA 1345
ALz 4 FEOT TROATEMOE (L B
NIRRT, YYD ALy RYLE T, TREEM:
JEAESEE S PSC. PAZEMEBEYE CHEAE & PR fiwtk
DRFHEALZ TR . ZAUTT A VAP R /i
R TEIRDIIRD T, BAHELOTR LA s
%&, PSC LPAZEMEHE CITBAE 8 FIIZE
[F 2 B D BT MR MED LA AR O 7208, Bk FEME
NEAE I TIEZ D 2 SO BHE L BIF A LS
B O C . LA AL A K 5R ME R 28

277,

(3) WREMERRE I &%
D L

YEE X OBIEFERE CUIBR S Av o ik
MR (FFIBEE) 5 B & i@ B C
RIFFNRRAE 46 B ORGEF R BT B
F ORISR & L Lo, T ORER, @
AURF N RRAE SR R U, TR SEPE T N AR A g

O ARAE R B &



TITEFT, v -GTP &fEH], ICG15 4 fE
AR, MR EEF LT, £,
B2 W b 8 A PR 2 W R RPN IE S
LR PRI N L < A BN T, TR
BRI, EEVMEIF IR ISRV CR
BEWNRER N <, BilIN, IPNB L UVE
PERRE G FEG L SRbivTz, YIBRTE T
IFDWTIEEN L SN To), BlE
HIMNELS, SH%OBRFBBELEZ DN
72 (Hamano G, et al. J Hepatobiliary
Pancreat Sci, in press) .,

8 25 DO WHEIRE D3 58 5% AT RE 72 2 0D 57 S
BEDT — & _X— 2% HWT, EHEMENBAE R
(50 ke AT) & KIR S FhO Rk ZEM: IR D
B RS BRI L A& LR U 72, 97 IR BE D
T F R— 2 TIRE R OEFIFE TS S
IR0 To, FAREVENRAERRE BNt L T,
WM NBAEE CIIHFN IR EE 23 2 < | BRIR
AR 2 R TIEGIN Lo T, FTo,
WM N A TR T d 2[RRI MED TN
MR LRI, EEYENERIES] CTlEAa
7o 7- (Kaneko R, et al. Asian Pac J
Cancer Prev 2015;16:7195-7200)

(4) SEHERRBGE DT

ABHOTR BT DAL T 2 E O R ENEIRE
FIEFID S 6, BEH D WVITBEFIROK
HEGDHZENTE 20 FIONBHAER K
EERET Uiz, FFUIBRAS 6 B, HE %
O TGRS 9 B, JEBH+ 4B UIBRAY 3
Bl FFOIBRIS L OVEREA -+ —4a R bikeas 1 i,
FFAMBAE GRS 1 Bl iz, LinL, 4
B IEWRESECTH Y . D HH 3 fl
TR AR RS 3 T o 7=, ik
L ORI L REEDS 1 BN, Atk teih
{B2EEED 12 BllTAT DT, ItR. BEREN

G (9 1) . MBEZE GRS A4 (B4, B
Wi (160, BEE (3 61) . fFteiim (2
Bl) 72 EOBPHENRA DIV, T b DIk
APHEDRIEICAREEGENEL T\ D H]
REPEMNE 2 S iz, 20 flh 12 B AR
BRENI LIV FFNZFEBFED 2 BT,
JEAE Wi PR A3 5 Bl A DTz, o 5 Bl
TIELL JRREEBAL & 128 70 2 5L I HFE O 7
FRIFEN A DNz, ZDHH 4 HIHEEIER
DSREAT SHTes . FRFSHEL & JR 38 B e
PEIEA ST, ZHL RN EDI,
ZD 4 FlF 3 FITAFT TH D, TREMER
RO E LT, 1FEAEDORMED
FHEART v w VBTLHE L TV D IRRED B |
RIEFHiE S L OMEFRO Y 27 @0
EEZEZOLNDHDOD, FEMRI) IR ZED)
T 5 FIREMEDS RIE S 4T,

(5) HRZEMERREFE DG B2 WL
LLED XD 72, Bzt R L ORZEME R
ERRRE B O BRI A E, RS A R &
YR BRI B . BRSEMENBAE 8 D —
R TURAEBLORAZ Y —= 7k E L
T, AST, ALT 8Ly -GTP % & tefiTHk
REMAL, CEA 3 XU CA19-9 DS~ —7
—ZHEL., S OITREMEDD 72 EEE
BEBAELFEMT 5, 0 OMmA TR
AT RN B 5846, MRI (MRCP) <° CT
ZERE L, S OIZNESER Y T E S
IZ R D NESEE., M2 LOM#ZIC &
S THEZKEZGEL HIENRLEE LWNWEEZ
iz (Kubo S, et al. Surg Today, in
press), F 7=, ARHUIBHEEZICBNTH,
ZHOMERBEOY A7 b o510, EMT
RIMIEIRA & B2 LETH D LB X
bz,



(6) JeEtEn
wf
DNA * F n fk IZ

EHEIZB1TH DNA AF LD FR

2 W T DNA

methyltransferases (DNMT3A, DNMT3B,

DNMT1) D% B A FERE S (RBUNRE |- F
AIELE B R A R ) . 38 KOV 5 8 (BIlIN
IPNB, ZEH) DN EIU DWW TR L7,
B AF VAL IZ B 5 3 %5 DNMT3A |
DNMT3B DFELIL, ik HEME N AL ¥ o 1B &
PHAT @ IR, BilIN 2R OFBALIZ 360 T i
BELOABICTUHEL Tz, FRICHRSEME IS
o B4 JE P A 8 BRI 35175 DNMTSA |
DNMT3B DA A3 < . DNMT3A (30
FENENRAE R D 86%. KT HERED 27%DIE 31
P (p < 0.01), DNMT3B |30k 3 PERR A& 8 D

86%. KHREED T%DIEFINEEZRLIZ (p <
0.01), F7=., BIEMENLAE I O FEFEH O KR
B ERIZEBWT, DNMT3A O3 HL)3 % FREEL
D ME T 8 o 7o (B =R 18k e B A5 o
50%. X HEHE 13%; p=0.056)

AT ALHERFIZRE 595 DNMT1 O BU
RRETLIR BEEO W U W Th IEME B
RIS AT &b B SR IR > 72 A8 IS R A 9o
O BilIN OEALIC U TR EE L0 i Je Bl %
AR AT & o 7o (B5 M 3 ek 3 1 PB4 s
29%, *HRHEE 0%; p=0.060),

(7) Sy TAEMTFHIRGE

1. BREMENEREAAMGIORT 7 Y i
Frick v, @FEMEERES ) LEFE LK
O E DD THEHBEDKMAELR, ©—
WHREHBEOYE R - 7T oF ' ZEB O
AT ABRD BN, 5% N5 ORHED
BEEMEROFRRME L EZ L TVND
AHEEEANTHRL RIS 2 2>, sk o FE{EUE 6]

CHBmTAHLONR EEALNITH D
LT, BREMEEEE OZMBCHE Ay

J BN A== BR%E S D ATREMER
RS, BAk MRS DRET
R SE VN | S B B T AR T
7 A NVE R LT,

(8) MEMNARIRRNA A ~—T—

RS RE RIS Ty VY — L%
BEARIZ LB DA B AL A~ —T
— VBB R AT, TORER, FNIRE N A

MRS AL IEEIFEREN O VY
— L OHEILITFE) 770 J5. 880 i, 800
Y=o, /JFonil — i3 49
T, Q20 DKETH 7= (Q0=7t/E %
T 1%) o MHTICHE A L7 miRNA 1% 36
FECRMIERIT 74.5% Th o7, LIz3> T,
KR — 7 = — R ic L o=y VY
— A4 miRNA (FIEERABZW~— T —&
LCHATEDZ EERLT,

(9) BEERULOFHM

B 97 KGR E ST HRSEME LS 6 51
WZOWT, R LA E OFEE % R E
THEEBIT, FREOFRE LI L CTRE
REZHEE LTz,

JEBI N:1953 4 N D BE, 1989 40
5 2002 FETHEFN I I TA 7Y
MEZIEFIRNZIESE L, 2002 FEICJBER A &
s, ZOHEREF T, MIZ 2 AR
PEAE S AU B FEIE L, 28 EREZZ T T
%o AT IL TlX 2 S OVEES TE -8,
RS 1 OKFEIL 170 m3, H& &I 1790
m3/h, 7E¥Y 2 OXMEIL 180 m3, #Ak &L
1100 m3/h ToH o7z, FIREEICIZRATHER
EEIIREINL TR hoT2, 7T 07y



NEEANZIE 1,2-DCP, DCM, 1,1-v7 1
n-1-7hdnT X o BLOI XTI LAEY
Y EMEH L, FESEETHERLE
DCP (% 230-400 g/h, DCM % 56-310 g/h
Thole, E-PEEEEPIZMEN L7 DCP
1% 330-630 g/h, DCM % 100-500 g/h T&H
o 77 VEEBRBE IR 13 DCP 73 28-78 ppm,
DCM %% 15-50 ppm & #E7E S A7z, PeiffE
S OB X DCP A3 170-370 ppm,
DCM 738 77-330 ppm EtHEEEN7-, 1 H
DI EREREIL 9 BEfEITH Y | REEIfE Y
ML DCP A 74-170 ppm, DCM M3
35-140 ppm & HEE S vz, PRLARGE EIT
FERA Lo 7,

JEG] 0:1949 A F O B, 1982 H)
5 1983 fEE THEF XII, 1983 b
1986 4= F TH T XIII, 1986 /5 1994
FEFETHEENXIVIZBWTA 7y MRIE
FIRINZAEE L, 1993 FRICIRAE 23 A & 2 S
Nz, WTNOFEEFITHEIRIEESIT 1
D TH Tz, 1F¥EY 3 OXMEIT 210 m3, 1E
S 4 OKFEIE 240 m3, RS 4 OKREIT
130 m3 CTh o7z, DIRHLIEE ILRE S
TWRho e DT, #KEEE 1 R4 72
D 1ElE L, HKEZZNZ4 210 m¥/h,
240 m3 B LN 130 m3h & E L7, El
B R TP RUE B IR ST iR
oo 770y FEEAIZIZ, DCP B LD
DCM %Ml L7z, 1FESGRETHEMLE
DCP (% 90-180 g/h, DCM /& 110-210 g/h
Tholz, W EEPITMH L7z DCP
1% 260 g/h, DCM (% 300 glh Th -7, fE
KRR BT ST DCP 7% 160—170 ppm, DCM
23 240-250 ppm & HEE SvTo, HEEEE
H ORI T DCP 2% 340-560 ppm,
DCM 78 520-850 ppm &HEE SNz, 1 H

D ERFRIE 10 Bl TH 0 | BRI B
BEITX DCP 2% 200-230 ppm, DCM #3
300-350 ppm & HEE S A7z, FE PR E
FERH Lo T,

JEGIP 19T VA EN O HME, 1991405
20144F F CHEMXVICBWTA 7 v b
BEEFIRNCHE S L7=23, 2013412 fHE 3 A
LW ST, FEMXVITIZ12 OHIIE
ELNHY . TFEIT350 m3ThH o7, B
PSEEITRE SN TN T=D T, #

KEZ 350 m3h&AE LTz, FIRIBEIZIE
RIS E TR E SN T\ iehoTtz, 77
vy MEEANZIZ, DCP, DCM, #LilEs
T FrEERA L, EESSIKCHER
L 72DCP}/%0-210 g/h, DCMI%200-450 g/
hTholz, EPEEEERICHMAL7ZDC
Pi30-280 g/h, DCMI3240-720 ghTH >
72 VEERBEREEIZIDCPA0-130 ppm, D
CM73160-370 ppm & HEE Sz, PEvelE
b ORI 1IDCPA0-280 ppm, DC
M73320-950 ppm & HEE Zi7z, 1HDYS
BIRFRIL10FEF CThd 0 | R B IR B
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S7e, VEEERBEIEE X DCP 28 7-42 ppm,
DCM 7%’ 10-66 ppm & #E7E S A7z, PeiffE
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HED EL’CI/\ZQ ENVHII LT, T
FEAL AR T S-100P (2 & % Sk o
P&47 5 &, BilIN, IPNB & i=iE¥E Tk
TH Y., BilIN X° IPNB @ B Chaibns &
ODNDZENHBA LI, T72bb, 1TEA
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NHhEHNDHHE,. MRI (MRCP) < CT %
Fh L. & HICHNBREERETTHEIRE G 1T
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HOLWETRMERAEZLEZEZLNLTWND
BilIN <> IPNB JRZEN A L7z, Rk
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b, 3L AL DIRE T DNA HENRA
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DV TIERIFI 72 H 2\, A (8], BEEVERREE O3 FEIZ 51T 5 DDNA A F UL OB 5
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Carcinogenesis
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Abstract

Cholangiocarcinoma is a relatively rare cancer, but its incidence is increasing worldwide.

Although several risk factors have been suggested, the etiology and pathogenesis of the

majority of cholangiocarcinomas remain unclear. Recently, a high incidence of

early-onset cholangiocarcinoma was reported among the workers of a printing company

in Osaka, Japan. These workers underwent high exposure to organic solvents, mainly

haloalkanes such as 1,2-dichloropropan (1,2-DCP) and/or dichloromethane (DCM). We

performed whole-exome analysis on four cases of cholangiocarcinoma among the

printing workers. An average of 44.8 somatic mutations was detected per Mb in the

genome of the printing workers’ cholangiocarcinoma tissues, approximately 30-fold

higher than that found in control common cholangiocarcinoma tissues. Furthermore,

C:G-to-T:A transitions with substantial strand bias as well as unique trinucleotide

mutational changes of GpCpY to GpTpY and NpCpY to NpTpY or NpApY were

predominant. in all of the printing workers’ cholangiocarcinoma genomes. These results

were consistent with the epidemiological observation that they had been exposed to

high concentrations of chemical compounds. Whole-genome analysis of Salmonella

typhimurium strain TA100 exposed to 1,2-DCP revealed a partial recapitulation of the

mutational signature in the printing workers’ cholangiocarcinoma. Although our results

provide mutational signatures unique to occupational cholangiocarcinoma, the
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1 underlying mechanisms of the disease should be further investigated by using

OCOo~NNOO R WN =

9 appropriate model systems and by comparison with genomic data from other cancers.

15 4  Summary

18 5  These occupational cholangiocarcinoma cases shared a high mutation burden, strand
21 6  bias and unique trinucleotide mutational signatures, suggesting that the patients might
24 7  have been exposed to a common strong mutagen. The underlying mechanisms of

8  mutagenesis should be further investigated.
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Introduction

Cholangiocarcinoma has been recognized as a relatively rare cancer but its incidence is

inereasing worldwide. The incidence rates are higher in the Japanese population (5.2

cases per 100 000 individuals) and Asian populations (including Japanese) (3.3 cases

per 100 000 individuals) than in Western populations (2.1 cases per 100 000 individuals

among non-Hispanic whites and blacks) [1-6]. Cholangiocarcinoma is an

aging-associated cancer, with its reported average age of diagnosis being between the

sixth and seventh decades of life [7]. Although several risk factors, such as primary

sclerosing cholangitis, bile duct cystic disorders, liver fluke infection, hepatolithiasis,

cirrhosis, hepatitis B or C virus infection, diabetes, obesity and exposure to the chemical

carcinogen “Thorotrast” (banned in the 1960s), have been suggested, the majority of

cholangiocarcinomas arise sporadically [4,5]. Thus, the etiology and pathogenesis of

cholangiocarcinoma remain to be elucidated, and the emergence of other rigk factorsis a

likely supposition.

An outbreak of cholangiocarcinoma among workers in an offset color

proof-printing company in Osaka, Japan, was recently reported, and this disease was

newly classified as an occupational disease by the Ministry of Health, Labour and

Welfare of Japan in 2013
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(http://www.mhlw.go jp/english/policy/employ-labour/labour-standards/Occupational.ht

ml). Between 1996 and 2012, 17 of the 111 former or current workers of the company

were diagnosed with cholangiocarcinoma [8]. In addition, 13 workers in 11 other

printing companies in Japan were acknowledged as exhibiting occupational

cholangiocarcinoma by April 2014 [9,10]. A detailed investigation of the 17 patients at

the first reported company in Osaka vrevealed that the printing workers’

cholangiocarcinoma exhibited an unusually early onset, ranging from 25 to 45 years. All

of the patients had been exposed (o high concentrations of chemical compounds,

including 1,2-dichloropropan (1,2-DCP) and/or dichloromethane (DCM) [8l. The

International Agency for Research on Cancer (IARC) re-evaluated the carcinogenic risks

of these compounds, recategorizing 1,2-DCP as a Group 1 (carcinogenic to humans)

carcinogen instead of Group 3 (not classifiable as to its carcinogenicity to humans) and

DCM as Group 2A (probably carcinogenic to humans) instead of Group 2B (possibly

carcinogenic to humans) [11,12]. However, previous in witro and in vivo studies

suggested that both 1,2-DCP and DCM have limited mutagenic and tumorigenic

capabilities, and bile duct tumorigenesis was not induced by 1,2-DCP or DCM in rodent

models [13-16]. Thus, the 1relevance of 1,2-DCP andlor DCM exposure to

cholangiocarcinoma carcinogenesis remains to be further elucidated. We performed a
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genome-wide mutation analysis of four cases of occupational cholangiocarcinoma using

genomic DNA samples derived from surgically resected specimens. We found a

significant mutational landscape, including a high mutation burden, strand bias and

unique trinucleotide mutation signatures commonly that were observed in all of the

investigated cases, suggesting that the workers had been exposed to a common strong

mutagen. We further investigated the mutational signatures in the genomic DNA of

Salmonella typhimurium strain TA100 and human epithelial cells exposed to 1,2-DCP.

Materials and Methods

Preparation of clinical samples

Tumor and matched normal formalin-fixed paraffin-embedded (FFPE) tissue samples

were obtained from Osaka National Hospital, Osaka City University Hospital and

National Cancer Center Hospital East. This study was approved by the Institutional

Review Board of each institution. Four occupational cholangiocarcinoma samples were

selected for analysis from 17 patients who were workers at a printing company in Osaka

and diagnosed with cholangiocarcinoma between 1996 and 2012. Among the 17

occupational cholangiocarcinoma patients worked at the same printing company in

Osaka Japan between 1996 and 2012, 12 were surgically treated. The resected tumor
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specimens of 8 of the 12 patients were available. According to the quality and quantity

of the genomic DNA samples, 4 cases were selected for further analysis. Control

common cholangiocarcinoma samples were randomly selected from patients who were

surgically treated between 2012 and 2014 at National Cancer Center Hospital East and

whose tissues were abundant enough for sequencing amalysis. Twenty sections of

10-pm-thick FFPE tissue samples were subjected to laser-capture microdissection or to

manual microdissection. The Absolutely RNA FFPE kit (modified protocol for DNA

extraction, Agilent Technologies, Santa Clara, CA, USA) was used to prepare the DNA.

DNA quality was determined using a NanoDrop 2000 spectrophotometer (Thermo

Fisher Scientific, Waltham, MA, USA), the Quant-iT PicoGreen dsDNA Reagent and Kit

(Life Technologies, Carlshad, CA, USA) and the Infinium HD FFPE DNA Sample QC

Kit (IMlumina, San Diego, CA, USA).

Whole-exome sequencing

Using 0.25-1.00 ng of double-stranded DNA, we prepared whole-exome sequencing

libraries. The exomes were captured using the SureSelect Human All Exon V4+UTRs or

the V5+UTRs Kit (Agilent Technologies, Santa Clara, CA, USA) according to the
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manufacturer’s instructions. The exome capture libraries were then sequenced using a

HiSeq 2000 system (Ilumina, San Diego, CA, USA) to generate 100-bp paired-end data.

Tdentification of somatic mutations

Sequence reads were aligned to the human reference genome UCSC hgl9 using the

Burrows-Wheeler  Aligner  program  (BWA, http:/bio-bwa.sourceforge.net/).

Single-nucleotide variants (SNVs) and insertions and deletions (INDELs) were called

and annotated using the Genome Analysis Toolkit software package (GATK,

http://www.broadinstitute.org/gatk/)). Sequencing artifacts were filtered out using

custom filters (GATK confidence score >50, number of variant reads in each direction >1,

variant allele frequency >10%) and by visual inspection. Germline variants were filtered

out using data from dbSNP build 131, the 1000 Genomes Project (Phase 1 exome data,

released May 21, 2011), 1 Japanese genome, 299 in-house Japanese exomes and

matched normal-tissue exomes of the cholangiocarcinoma cases.

Confirmation of somatic mutations

Somatic mutations in the ARIDIA, BRAF, CDKN2A and MLL3 genes, which were

detected in the case 1 patient, were confirmed using Sanger sequencing. PCR primers

Page 10 of 669



Page 11 of 669

Co~NOOOhWN=>

10

11

12

13

14

15

16

17

18

Carcinogenesis

10

were designed using the Primer3Plus software (www.bioinformatics nl/primer3plus/)

and are listed in Supplementary Table 1. PCR was performed using HotStarTaq DNA

Polymerase (Qiagen, Valencia, CA, TSA), and the samples were incubated at 95 °C for

15 min, 95 °C for 30 s, 55 °C or 61 °C for 30 s, and 72 °C for 1 min for 40 cycles and then

at 72 °C for a final 10 min extension. PCR amplicons were sequenced using a BigDye

Terminator v3.1 Cycle Sequencing Kit (Life Technologies, Carlsbad, CA, USA) and a

3500 Genetic Analyzer (Life Technologies, Carlsbad, CA, USA).

Mutagenicity assay

The 1,2-DCP (1,2-dichloropropane, >98.0% pure) and DCM (dichloromethane, >99.5%

pure) were purchased from Wako Pure Chemical Industries, Ltd. , Osaka, Japan and

Nacalai Tesque, Inc., Kyoto, Japan, respectively. The standard plate-incorporation

method in the absence of a metabolic activation system was performed to test the

mutagenicity of 1,2-DCP and DCM in Salmonella typhimurium TA100 with a slight

modification for testing volatile chemicals [17]. In brief, appropriately sized filter papers

absorbed multiple doses of 1,2-DCP or DCM and were put into plastic bags. Plates in

which bacteria had been plated in top agar were placed in the plastic bags without

covers and sealed tightly. By this method, the bacteria were exposed to the evaporating
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haloalkanes. The chemical vapor concentration in the plastic bags was calculated using

calibration curves determined by gas chromatography mass spectrometry analysis.

After 2 hours of vapor exposure at 37 °C, the plates were removed from the bags and

incubated for another 48 hr. his(¥ revertant colonies were counted to evaluate

mutagenicity. The mutagenic activity of the samples was calculated from the linear

portions of the dose-response curves, which were obtained using three doses in

duplicate plates on at least two independent experiments.

Analysis of global mutational profiles of 1,2-DCP and DCM in a Salmonella strain

The hisG* colonies were randomly isolated, and genomic DNA was extracted using a

Puregene Cell and Tissue kit (Qiagen, Valencia, CA, USA). The mutational profiles

induced by haloalkanes were subsequently examined using whole-genome sequencing

with reference to a previous report [18]. Using 3 pg of DNA and the SureSelect XT

Library Prep Kit (Agilent Technologies, Santa Clara, CA, USA), we prepared

whole-genome sequencing libraries according to the manufacturer’s instructions. The

prepared libraries were sequenced using a HiSeq 1500 system (Illumina, San Diego, CA,

USA) to generate 100-bp paired-end data. The sequence reads were aligned to the

reference sequence NC_003197 (Salmonella enterica subsp. enferica serovar
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Typhimurium str. LT2 chromosome, complete genome, 4 857 432 bp) using the

Burrows-Wheeler Aligner program (BWA, http://bio-bwa.sourceforge.net/), and the

SNVs were called and annotated using the Genome Analysis Toolkit software package

(GATK, http://www.broadinstitute.org/gatk/). We selected “PASS” variants annotated by

the GATK program as high-confidence acquired variants.

Analysis of mutational profile of 1,2-DCP in mammalian cells

NCC-CC1 cells, which were originally established from human biliary tract carcinoma

tissue [19], were kindly provided by Dr. Hidenori Ojima at the National Cancer Center

Research Institute in 2013. The cells were maintained in RPMI-1640 medium (Wako

Pure Chemicals, Japan) containing 10% fetal bovine serum (Thermo Fisher Scientific

Inc., MA, USA). This cell was authenticated by DNA microarray and quantitative

RT-PCR and last checked in 2010. HEK293 cell was purchased from American Type

Culture Collection (ATCC, Manassas, VA, USA) and have never been passaged longer

than 6 months after receipt or resuscitation. This cell line was not authenticated as they

came from national repositories. Cloned human embryonic kidney 293 (HEK293) cells

stably expressing an open reading frame of the pQCXIP vector (Clontech Laboratories,

Inc., A Takara Bio Company, Mountain View, CA, USA) were cultured in DMEM
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medium (Nissui Pharmaceutical, Tokyo, Japan) containing 10 % fetal bovine serum

(Biowest, Nuaillé, France). We used an in vifro vapor exposure system with slight

modifications [20]. In brief, appropriately sized filter papers were put into two

rhombus-shaped holes in the center of a 6-well culture plate, and a toxic dose of 1,2-DCP

(250 pLi/plate for single exposure, once with 180 pL/plate and four times with 120

pL/plate for multiple exposure for NCC-CCL; and 50 pL/plate for single exposure for

HEK293) was absorbed onto the filter papers. The culture plates were put into plastic

bags without covers and sealed tightly. Using this method, the haloalkanes evaporated

and dissolved into the culture medium [20]. After 2 and 4 hours of vapor exposure for

NCC-CC1 and HEK?293, respectively, the cells were reseeded and cultured for 4 to 6

weeks to isolate individual clones. For multiple exposures, the cells were exposed to

1,2-DCP subsequently after recovery from cytotoxicity, and this procedure was repeated

up to five times. Genomic DNA was extracted from 2 to 6 clones per exposure group

using a DNeasy blood and tissue kit (Qiagen, Valencia, CA, USA), and the mutational

profile induced by the haloalkanes was subsequently examined using whole-exome

sequencing.

Statistical analyses
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The statistical significance of observed differences between the number of somatic SNVs

in the printing worker cholangiocarcinoma cases and the control cholangiocarcinoma

cases was evaluated using Student’s #test. For strand bias analysis, the significance of

the differences in the number of SNVs between the un-transcribed (sense) and

transcribed (antisense) strand in the cases and controls was evaluated using the

chi-square test. The test evaluated whether the proportion of SNVs in each strand

diffeved from 0.5, which is the value expected by chance. For trinucleotide mutational

signature analysis, the significance of differences in the number of mutations between

the trinucleotide sequence of interest and any sequence except the one of interest was

evaluated by the chi-square test. The test evaluated whether the proportion of

mutations in each context differed from the frequency of the context in the targeted

genome, which is the expected value by chance.

Results

Patient characteristics and quality of whole-exome sequencing

The characteristics of the printing worker patients upon admission are described in

Table 1. The printing worker cholangiocarcinoma patients (cases 1-4) were 31- to

40-year-old males. The case 1 patient used both 1,2-DCP and DCM, and the case 2-4
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patients used 1,2-DCP for one to 11 years. The characteristics of the control common

cholangiocarcinoma patients are described in Supplementary Table 2. The patients with

common late-onset cholangiocarcinoma (controls 1-4) were 55- to 79-year-old males and

females, and all patients had intrahepatic cholangiocarcinoma. The patients with

common early-onset bile duct carcinomas (controls 5-7) were 26- to 39-year-old males

and females, and the subtypes were gallbladder cancer, duodenum papilla cancer and

extrahepatic cholangiocarcinoma.

Tumor cells were condensed to approximately 50% by laser-capture

microdissection or manual microdissection. Genomic DNA was retrieved and used for

whole-exome sequencing. The average base coverage of the targeted regions in the

tumor and normal samples of the printing workers’ cholangiocarcinomas was 139.7-fold

(range: 89.8-197.2) and 105.7-fold (range: 66.8-131.2), respectively. The proportion of the

targeted regions with 20 reads or higher was 92.1% (vange: 76.3-98.5%) and 86.5%

(range: 69.0-96.9%) for the tumor and normal samples, respectively. Among the common

late-onset cholangiocarcinomas, the average base coverage in the tumor and normal

samples was 241.9-fold (range: 210.7-272.8) and 289.4-fold (vange: 267.6-309.0),

respectively, and 98.2% (range: 97.2-98.6%) and 98.6% (range: 98.4-98.7%) of the target

regions in the tumor and normal samples, respectively, had 20 reads or higher. Among
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the common early-onset bile duct carcinomas, the average base coverage in the tumor

and normal samples was 142.2-fold (range: 131.4-155.5) and 68.3-fold (range: 64.0-75.6),

respectively, and 96.5% (range: 96.2-96.8%) and 84.5% (range’ 81.9-85.8%) of the target

regions in the tumor and normal samples, respectively, had 20 reads or higher

(Supplementary Table 3).

The printing workers’cholangiocarcinomas are hypermutated tumors

We identified 14511089 (44.6+33.5/Mb) somatic SNVs and 6.8+5.0 (0.2+0.2/Mb)

apparent somatic INDELs in the four printing workers’ cholangiocarcinomas (cases 1-4)

(Table 2). The number of somatic SNVs in these cases was significantly higher than that

in the exomes of the four cases of common late-onset intrahepatic cholangiocarcinoma

(controls 1-4) or in the three cases of common early-onset bile duct carcinoma (controls

5-7), which showed an average of 44.8+11.9 (1.4:£0.4/Mb) and 50.0%=23.4 (1.50.7/Mb)

SNVs, respectively (p=0.04 and 0.04, respectively; Student’s £test) (Table 2 and Figure

1A). All somatic variants detected in the patients are listed in Supplementary File 1.

The number of SNVs in the printing worker cholangiocarcinoma cases was also larger

than that in the exomes of liver fluke infection-related and -unrelated

cholangiocarcinoma cases [21,22] and that in 260 common hiliary tract cancers [23].
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Notably, the number of INDELs was significantly smaller than the number of SNVs in

the printing worker cholangiocarcinoma cases. This smaller number of INDELs is a

unique characteristic compared with other hypermutated solid tumors such as

microsatellite-instable colorectal cancers [24].

The printing workers’ cholangiocarcinoma genomes harbor mutations in genes

frequently mutated in common bile tract carcinomas

We selected 20 genes that ave frequently mutated in bile tract carcinoma (registered in

Catalogue of Somatic Mutations in Cancer (COSMIC) v74). Each of the printing

workers' cholangiocarcinoma had amino acid-altering mutations in two to six genes

(Table 3). Among the mutations detected in case 1, we confirmed mutations in ARIDIA,

BRAF CDKNZA and MILL3 by Sanger sequencing (Supplementary Table 1 and

Supplementary Figure 1).

Predominant DNA substitution patterns in the printing workers’ cholangiocarcinomas’

C-G-to-TA transition

We next analyzed the single-nucleotide substitution patterns in the printing worker

cholangiocarcinoma cases and found that C:G-to-T:A transitions were predominant,
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among the somatic SNVs, followed by C:G to AT transversion. This mutational

spectrum is similar to that in the control cholangiocarcinoma cases (Figure 1B).

C:G-to-T:A transitions in the printing workers’ cholangiocarcinomas indicate strand

bias

We then examined the mutational signatures for transcriptional strand bias. In all of

the printing workers’ cholangiocarcinomas, a substantial difference in the prevalence of

mutations between the sense and antisense strands was observed for the C:G-to-T:A

transition, whereas no significant difference was detected in the control

cholangiocarcinoma cases (Figure 1C).

The printing workers’ cholangiocarcinomas share characteristic trinucleotide

mutational signatures

We further analyzed the mutational signature of the base substitutions by

incorporating information regarding the 5’ and 3’ neighboring sites of each mutated base

[25]. The most significant trinucleotide mutational pattern in the printing workers’

cholangiocarcinomas was GpCpY to GpTpY (p<0.01, chi-square test) (Figure 1D), a

novel signature that was not reported in the International Cancer Genome Consortium
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(ICGC) project, which classified more than 20 distinct mutational signatures from a

mutational catalogue of 7042 primary cancers [25]. This signature was identical among

the four printing worker cases. Following the GpCpY to GpTpY signature, NpCpY to

NpTpY and NpApY changes were the next most characteristic mutational signatures

(Figure 1E). By contrast, the conirol late-onset cholangiocarcinoma cases harbored

5-methylcytosine deamination signature mutations (NpCpG to NpTpG changes;

classified as Signature 1A and 1B in the ICGC project), and the control early-onset bile

duct carcinoma cases harbored both 5-methylcytosine deamination signature mutations

(NpCpG to NpTpG changes; classified as Signature 1A and 1B in the ICGC project) and

APOBEC signature mutations (TpCpW to TpTpW or TpGpW changes; classified as

Signatures 2 and 13 in the ICGC project) (Figure 1D).

1,2-DCP and DCM show mutagenicity in S. typhimurium strain TA100

We examined the mutagenic activity of 1,2-DCP and DCM on 5. typhimurium strain

TA100 by Ames assay. Both haloalkanes showed mutagenicity toward TA100 in a

dose-dependent manner, The mutagenic potency of 1,2-DCP was slightly higher than

that of DCM (Figure 2).
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1,2-DCP and DCM preferentially induced SNVs at C:G residues

To determine the global mutational profiles of 1,2-DCP and DCM, we further performed

whole-genome analysis of S, fyphimmium TA100 with or without haloalkane exposure.

Revertant mutations occurring within the his(G gene were excluded from the analysis

because these mutations are affected by selection bias. The number of mutagenic events

in the other bacterial DNA increased depending on the dose of 1,2-DCP. The average

mutation rate in clones exposed to 1,2-DCP at 3000 ppm (n=76) and 6000 ppm (n=19)

was 0.2 and 0.6/Mb, respectively. These mutation rates are 1.4- and 5.1-fold higher than

that for the non-exposed control (p=0.05 and p<0.01, respectively, Student’s #test).

C:G-to-T:A transitions were the most predominant single-nucleotide substitutions

(57.6% and 77.1% of total SNVs in the genomic DNA exposed to 3000 ppm and 6000

ppm of 1,2-DCP, respectively). In contrast, the average mutation rate of clones exposed

to 3500 ppm of DCM (n=47) was 0.5/Mb, which is significantly higher than that for the

non-exposed control (p<0.01, Student’s ftest), and C:G to AT transversions were

predominant (46.6% of total SNVs), followed by C:G-to-T:A transitions (44.1% of total

SNVs) (Figure 3A, B).
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The mutational signature of 1,2-DCP in S. typhimurium TA100 partially recapitulates

the printing workers’ cholangiocarcinoma signature

We further analyzed the trinucleotide mutational pattern. Clones exposed to 1,2-DCP

harbored NpCpC to NpTpC changes (Figure 3C, indicated by the asterisks), and these

changes were more remarkable at 6000 ppm than at 3000 ppm (Supplementary Figure

2). This signature is similar to the second-most dominant signature of the printing

workers’ cholangiocarcinoma. With DCM exposure, the clones harbored broad changes

in C:G to AT and C:G to T:A mutations, and no specific trinucleotide mutational

patterns were observed (Figure 3C).

1,2-DCP has Iimited mutagenic capability in mammalian cells

To confirm the mutational signature of 1,2-DCP in mammalian cells, we examined the

base substitution profiles using cholangiocarcinoma cell line NCC-CC1 and human

embryonic kidney 293 (HEK293) cells. The mutation rate of the two independent

NCC-CC1 clones after a single exposure to 1,2-DCP at a cytotoxic dose was 0.1 and

0.5/Mb, and they were not significantly higher than the mutation rate of the

non-exposed control. The mutation rate of clones repeatedly exposed to 1,2-DCP was 0.5

to 1.3/Mb, and no significant difference was observed here either (Supplementary Table

Page 22 of 669



Page 23 of 669

OO~ D WN

10

11

12

13

14

15

16

17

18

Carcinogenesis

22

4 and Supplementary Figure 3A). Among the SNVs, C:G to T-A transitions and C'G to

AT transversions were predominant (60.0% and 59.4% of total SNVs in genomic DNA

with single and repeated exposure to 1,2-DCP, respectively) (Supplementary Figure 3B).

Moveover, no specific trinucleotide signatures were observed (Supplementary Figure

3C). The mutation rate in 1,2-DCP-exposed HEK293 cells was 0.3+£0.1/Mb, and it was

not significantly increased (Supplementary Table 5 and Supplementary Figure 4A).

Similarly, in NCC-CC1 cells, C:G to T:A transitions and C:G to AT transversions were

observed to predominate (59.6% of total SNVs) (Supplementary Figure 4B), and the

trinucleotide signatures observed in the printing workers’ cholangiocarcinomas were

not recapitulated (Supplementary Figure 4C).

Discussion

The representative characteristic mutational profile, including a high somatic mutation

bhurden, substantial strand bias in C:G to T:A mutations and unique trinucleotide

mutational changes (GpCpY to GpTpY and NpCpY to NpTpY or NpApY), shared in all

of the investigated printing workers’ cholangiocarcinomas suggests that the patients

might have been exposed to a common strong mutagen and that these conditions might

increase the chance for mutations in cholangiocarcinoma driver genes. Mutations with
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transcriptional strand bias are known to occur in cancer genomes as a result of exposure

to abundant mutagens and the formation of bulky DNA adducts, such as in

smoking-related lung cancer and ultraviolet-associated melanoma [25,26]. We thus

suspected that some agents make abundant adducts on G residues and that the

transcription-coupled DNA repair machinery preferentially repairs transcribed G

residues, that is, sense C residues [27], inducing strand-biased mutations. These results

are consistent with the epidemiological observation that these workers had been

exposed to high concentrations of chemical compounds. Based on reconstructed

experimental data, Kumagai et al. estimated the concentration of volatile solvent in a

proof-printing room to be 100-670 ppm for 1,2-DCP and 80-540 ppm for DCM [28]. Both

1,2-DCP and DCM have been used in industrial processes and household products (such

as paint stripper) worldwide. However, as mentioned previously, 1,2-DCP and DCM

reportedly have very limited tumorigenic capabilities in animal models [13-16]. Wang et

al. recently reported that co-exposure to 1,2-DCP and DCM induced an increase in

mutations in a mouse gpf mutation model. However, they detected mutations

predominantly at A:T pairs rather than C:G pairs, in contrast to the mutations observed

in the printing workers’ cholangiocarcinomas in this study [29].
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To verify the mutagenic features of 1,2-DCP and DCM more directly, we

applied a model system using .S, typhimurium strain TA100. Our data suggest that both

1,2-DCP and DCM exhibited mutagenic activity on the S. gyphimurium TA100 genome,

especially at C:G residues.

However, three of the four printing workers’ cholangiocarcinoma cases

examined in this study were exposed only to 1,2-DCP and not to DCM. Prior

epidemiological studies suggested that 1,2-DCP is a more suspicious causative agent

than DCM, because all 17 of the patients in the first cohort in Osaka were exposed to

1,2-DCP, whereas 11 were exposed to DCM [8]. Based on these findings, JARC

designated 1,2-DCP as a higher rank carcinogen than DCM. Whole genome analysis of

1,2-DCP- or DCM-exposed S, tpphimurium TA100 might support these epidemiological

assumption. The trinucleotide mutational signature of S. typhimurium TA100 exposed

to 1,2-DCP revealed preferential mutational changes of NpCpC to NpTpC, which

overlaps with the second-most predominant trinucleotide mutational signature

observed in the printing workers’ cholangiocarcinomas, namely, NpCpY to NpTpY or

NpApY changes. These results suggest a contribution of 1,2-DCP to mutagenesis and

carcinogenesis in the printing workers’ cholangiocarcinomas, at least in some capacity.
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In mammalian species, inhaled DCM is supposed to be metabolized via a

GSTT1-dependent pathway [27,30-33]. S-(chloromethyDglutathione from DCM is

involved in mutagenesis by forming guanine adducts, inducing C:G to AT and C:G to

T:A substitutions, in bacteria and mammalian cells [17,34,35]. In contrast to DCM, the

mode of mutagenicity of 1,2-DCP or its potential metabolites remains unclear. NpCpY

(the complement to RpGpN) sites are reported to be targets of electrophilic agents such

as alkylating agents and platinum-derived drugs [25,36-38]. The V- and (¥-positions of

guanine are the most reactive nucleophilic sites [39-41], and electrophilic agents react

with these sites to form alkyl-DNA adducts or intra- and inter-strand cross-linked DNA

adducts, inducing cytotoxicity and mutagenicity. Whether 1,2-DCP or its potential

metabolites possess electrophilic features and form alkyl-DNA adducts should be

further investigated.

To strengthen the above findings, we examined the mutagenic profile of

1,2-DCP in human epithelial cell-derived cell lines. However, neither single nor

repeated exposure of cultured cells to 1,2-DCP induced significant mutagenesis, and the

mutation profiles in the in witro system did not recapitulate the specific trinucleotide

signatures observed in the clinical samples and \S. typhimurium TA100 strain model.
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Another remaining riddle regarding the specific mutational landscape of the
printing workers’ cholangiocarcinomas is the most prominent trinucleotide mutational
signature, GpCpY to GpTpY. Because this signature was not recapitulated in the 5.
typhimurium TA100 strain model, host factors might have contributed. Although the
GpCpY to GpTpY signature has not been identified in any human clinical genome
sequencing data, a similar signature was recently reported by Zavadil et al. They
reported that acquired mutations caused by overexpression of activation-induced
cytidine deaminase (AID) in immortalized human TP53 knock-in mouse fibroblasts
were predominantly C:G to T:A substitutions with a GpCp(A/C/T) to GpTp(A/C/T)
trinucleotide signature [42]. ATD was originally identified as an inducer of somatic
hypermutation in the variable region of immunoglobulin genes in activated B cells
[43,44]. In addition, the aberrant expression of AID induces lymphoid and nonlymphoid
malignancies with accumulated mutations in known cancerrelated genes in animal
models [45]. AID is reportedly induced by chronic tissue injury in parenchymal cells
such as hepatocytes and gastric epithelial cells [46,47]. Marusawa et al. reported
significantly high AID expression in the epithelial cells of cholangiocarcinoma, with
massive inflammation in the surrounding liver tissue [48]. Although the tissue toxicity

of 1,2-DCP and DCM has been reported mainly in animal models, and whether they



CoO~NDDOTWN =

10

11

12

13

14

15

16

17

18

Carcinogenesis

27

affect biliary epithelia remains unclear [49], massive fibrosis was observed to surround

cancerous and non-cancerous bile ducts in the printing workers’ cholangiocarcinoma

samples [8]. Our preliminary immunohistochemistry data suggested that AID was

expressed in the transformed epithelial cells of the printing workers’

cholangiocarcinoms (data not shown). Whether the GpCpY to GpTpY changes in the

printing workers’ cholangiocarcinomas were elicited by inflammation-induced AID

expression must be further examined using in vifre and in vivo model systems.

The above-mentioned discrepancies in mutation signature between the clinical

samples and the in vifro models suggest that the carcinogenic processes of the printing

workers’ cholangiocarcinomas might be more complex than we had supposed. To

elucidate the mechanisms, we should consider the tumor microenvironment including

the metabolism of the inhaled chemical compounds at the biliary epithelia and

interactions of tumor cells with surrounding non-tumor cells and possibly bacterial flora.

To address these questions, model systems reproducing the actual conditions in hiliary

epithelial cells and the surrounding microenvironment of the printing worker

cholangiocarcinoma patients are necessary.

Although the lack of model systems hampered further investigation, the

particular mutational profiles, especially the specific trinucleotide mutation signatures
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1 will be a clue to help elucidate the hidden mechanism of this disease. The mutational

CoO~NG b WN =

2 profiles of various cancer genomes are systematically collected and the mutational
12 3  signatures ave classified by ICGC. Although the signature presented in this study has
15 4 ot been reported, the accrual of further data may give us a chance to find other cases of
18 5  biliary and other organ cancers with similar signatures. Referring to their
21 6 epidemiological and clinicopathological background will provide information that the

24 7  model systems hardly address.
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TABLE AND FIGURES LEGENDS

Table 1. Patient characteristics of printing worker cholangiocarcinoma cases

Table 2. Number of somatic mutations identified in printing workers'

cholangiocarcinomas (cases) and common cholangiocarcinomas (controls)

Table 3. Identified mutations in commonly mutated genes in biliary tract carcinoma

(BTC)

Figure 1. The printing workers' cholangiocarcinomas share a high mutation burden,

strand bias and a unique trinucleotide mutational signature. (A) Number of exome

SNVs in the printing workers’ and control cholangiocarcinoma cases (*p<0.05; Student’s

ttest). (B) Single-nucleotide DNA substitution profiles in the printing workers’ and

control cholangiocarcinoma cases. (C) Substantial strand bias in mutation counts in the

sense (8) and antisense (AS) strands of the printing workers’ cholangiocarcinoma cases.

Significant strand bias for C:G to T:A mutations was observed in the printing workers’

cholangiocarcinoma cases (**p<0.01, ***p<0.001; chi-square test). (D) Trinucleotide

mutational patterns in the printing workers’ and control cholangiocarcinoma samples.
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The mutational signatures were normalized using the trinucleotide frequency in the

genome. (E) Secondary characteristic trinucleotide mutational pattern in the printing

workers’ cholangiocarcinoma samples that emerged after elimination of the prominent

mutational pattern GpCpY to GpTpY. The mutational signatures were normalized

using the trinucleotide frequency in the genome.

Figure 2. Both 1,2-DCP and DCM show mutagenic activity in S. fyphimurium strain

TA100. The mutagenic activity levels of 1,2-DCP (closed circle) and DCM (closed square)

were estimated from the number of revertant colonies.

Figure 3. The mutational signature of 1,2-DCP in S. fyphimurium TA100 partially

recapitulates the printing workers’ cholangiocarcinoma signature. (A) Number of SNVs

in 1,2-DCP- and DCM-exposed TA100, except for the hisG gene target site. ®)

Single-nucleotide DNA substitution profiles in TAL00 exposed to 1,2-DCP or DCM

except for the hisG gene target site. (C) Trinucleotide mutational pattern of TA100

exposed to 1,2-DCP or DCM except for the A1sG gene target site. Clones exposed to

1,2-DCP harbored NpCpC to NpTpC changes (indicated by the asterisks). This

signature partially recapitulates the printing workers’ cholangiocarcinoma signature as
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1 shown below the 1,2-DCP-exposed TA100 panel. The printing workers’ signature is the

Coo~NNoohkwWN =

2  mean of the frequency of secondary characteristic mutational changes in four patients

12 3  shown in Figure 1E. The mutational signatures were normalized using the trinucleotide

15 4  frequency in the genome. The signature of 1,2-DCP was obtained from the sum of the

3000 ppm and 6000 ppm exposure data.
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Figure 1. The printing workers’ cholangiocarcinomas share a high mutation burden, strand bias and a unique
trinucleotide mutational signature. (A) Number of exome SNVs in the printing workers’ and control
cholangiocarcinoma cases (*p<0.05; Student's t-test). (B) Single-nucleotide DNA substitution profiles in the
printing workers’ and control cholangiocarcinoma cases. (C) Substantial strand bias in mutation counts in
the sense (S) and antisense (AS) strands of the printing workers’ cholangiocarcinoma cases. Significant
strand bias for C:G to T:A mutations was observed in the printing workers’ cholangiocarcinoma cases
(**p<0.01, ¥¥*p<0,001; chi-square test). (D) Trinucleotide mutational patterns In the printing workers” and
control cholangiocarcinoma samples. The mutational signatures were normalized using the trinucleatide
frequency in the genome. (E) Secondary characteristic trinuclectide mutational pattern in the printing
workers’ cholangiocarcinoma samples that emerged after elimination of the prominent mutational pattern
GpCpY to GpTpY. The mutational signatures were normalized using the trinucleotide frequency in the
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Figure 3. The mutational signature of 1,2-DCP in S. typhimurium TA100 partially recapitulates the printing

workers’ cholangiocarcinoma signature. (A) Number of SNVs in 1,2-DCP- and DCM-exposed TA100, except
for the hisG gene target site. (B) Single-nucleotide DNA substitution profiles in TA100 exposed to 1,2-DCP or
DCM except for the hisG gene target site. (C) Trinucleotide mutational pattern of TA100 exposed to 1,2-DCP
or DCM except for the hisG gene target site. Clones exposed to 1,2-DCP harbored NpCpC to NpTpC changes
(indicated by the asterisks). This signature partially recapitulates the printing workers’ cholangiocarcinoma
signature as shown below the 1,2-DCP-exposed TA100 panel. The printing workers’ signature is the mean of
the frequency of secondary characteristic mutational changes in four patients shown in Figure 1E. The
mutational signatures were normalized using the trinucleotide frequency In the genome. The signature of
1,2-DCP was obtained from the sum of the 3000 ppm and 6000 ppm exposure data.
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Supplementary Table 3 Summary of the whole-exome sequencing

‘Whole'exome sequencing

Starting dsDNA % % %

Total read  Ave. depth
(ug) 10x  20x  30x
Case 1 (CHCOSKO001)  Tumor 0.30 278,710,461 89.8 840 768 710
Liver 1.00 305,662,705 97.3 81.8 743 69.1
Pancreas 0.50 260,723,377 66.8 786 69.0 617
Case 2 (CHCOSK003)  Tumor 0.50 240,297,905 197.2 99.1 985 973
Liver 1.00 129,507,840 116.7 98.4 962 924
Case 3 (CHCOSK004)  Tumor 1.00 116,863,954 108.3 98.0 953 908
Liver 1.00 143,348,319 131.2 98.6 969 941
Case 4 (CHCOSKO005)  Tumor 0.25 210,752,331 163.6 99.1 984 96.9
Liver 1.00 127,408,279 116.4 983 959 918
Control 1 (CHCLOO001)  Tumor 1.00 290,671,449 241.7 99.0 985 976
Liver 1.00 341,660,701 280.5 99.1 987 981
Control 2 (CHCLO002)  Tumor 1.00 328,017,605 272.8 99.1 986 978
Liver 1.00 372,207,123 309.0 99.1 987 98.1
Control 3 (CHCLO003)  Tumor 1.00 290,602,272 242.3 989 984 97.7
Liver 1.00 319,228,484 267.6 98.9 984 977
Control 4 (CHCLO004)  Tumor 1.00 295,371,019 210.7 985 972 952
Liver 1.00 369,704,901 300.4 989 985 98.0
Control 5 (CHCEO008)  Tumor 0.50 290,583,119 155.5 98.4 968 943
Liver 0.50 120,960,798 75.6 92.1 8L9 724
Control 6 (CHCEO009)  Tumor 1.00 154,812,520 131.4 985 962 92.3
Liver 1.00 75,065,174 64.0 95.6 85.8 734
Control 7 (CHCEO010)  Tyumar 1.00 161,954,739 139.7 98.4 964 929
Liver 1.00 76,203,472 65.2 955 858 736
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Supplementary Figure 1. The mutations in ARIDIA, BRAF, CDKN2A
and MLL3 detected in the case 1 patient were confirmed by Sanger
sequencing.
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24 Supplementary Figure 2, The mutational signature of 1,2-DCP in S. typhimurium
TA100 partially recapitulates the printing workers' cholangiocarcinoma signature

25 represented by NpCpC to NpTpC changes. The clones exposed to 6,000 ppm of

26 1,2-DCP showed a more remarkable signature of NpCpC to NpTpC changes than
the clones exposed to 3,000 ppm (indicated by asterisks).
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Supplementary Figure 3. Mutational profile of 1,2-DCP-exposed cholangiocarcinoma cells
(NCC-CC), (A) Number of mutations in 1,2-DCP-exposed NCC-CCL cells. (B) Single-
nucleotide DNA substitution profile in NCC-CC1 cells exposed to 1,2-DCP. (C) The
trinucleotide mulational pattern of NCC-CC1 cells exposed to 1,2-DCP. The mulational
signatures were normalized using the trinucleotide frequency in the genome.
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Abstract

Purpose This study aimed to establish an efficient
strategy for screening and surveillance for occupational
cholangiocarcinoma.

Methods We evaluated the consecutive changes in labo-
ratory findings during regular health examinations and in
abdominal ultrasonography findings before the diagnosis
of occupational cholangiocarcinoma in nine patients. The
results of laboratory tests and abdominal ultrasonography
at the time of diagnosis were also examined.

Results TIn all patients, the serum y-glutamyl transpepti-
dase (y-GTP) activity increased several years before the
diagnosis of cholangiocarcinoma. The serum alanine ami-
notransferase (ALT) activity also increased several years
before the diagnosis, following an increase in the serum
agpartate aminotransferase (AST) activity in most patients.
Abdominal ultrasonography before the diagnosis revealed
regional dilatation of the bile ducts, which continued to
enlarge. At the time of diagnosis, the y-GTP, AST, and ALT
activities were increased in nine, seven, and seven patients,

B4 Shoji Kubo
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Natori, Japan

Department of Digestive Surgery, Nihon University School
of Medicine, Tokyo, Japan

Division of Hepato-Biliary-Pancreatic Surgery, Department
of Surgery, Tohoku University Graduate School of Medicine,
Sendai, Japan

respectively. The regional dilatation of bile ducts without
tumor-induced stenosis, dilated bile ducts due to tumor-
induced stenosis, space-occupying lesions, and/or lymph
node swelling were observed. The serum concentrations of
carbohydrate antigen 19-9 (CA 19-9) and/or carcinoembry-
onic antigen (CEA) were increased in all patients,
Conclusions Regular health examinations with a com-
bination of ultrasonography and laboratory tests includ-
ing the y-GTP, AST, ALT, CA 19-9, and CEA levels are
useful for screening and surveillance for occupational
cholangiocarcinoma.

Keywords Occupational cholangiocarcinoma - Screening
and surveillance - Health cxamination - Organic solvent
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CEA Carcinoembryonic antigen

DCM Dichloromethane

DCP 1,2-Dichloropropane

PSC Primary sclerosing cholangitis

MRI Magnelic resonance imaging

MRCP  Magnetic resonance cholangiopancreatography

ERCP  Endoscopic retrograde
cholangiopancreatography

Introduction

An outbreak of cholangiocarcinoma among workers at a
printing company was recently reported [1, 2]. Although the
mechanism underlying the development of cholangiocarci-
noma is still unknown, long-term exposure to chemicals that
include high concentrations of dichloromethane (DCM) and/
or 1,2-dichloropropane (DCP) is strongly suspected to be a
cause of the disease [1-3]. The Ministry of Health, Labour
and Welfare of Japan classified this type of cholangiocarci-
noma as “occupational cholangiocarcinoma™ on October
1, 2013 [3]. Thirty-six patients, some of whom have been
described in previous reports [2, 4], had been diagnosed with
occupational cholangiocarcinoma as of February 2015.

Early detection of cholangiocarcinoma is essential,
because the (reatment outcomes for cholangiocarcinoma
are still unsatisfactory [5-10]. Of 17 patients diagnosed
with occupational cholangiocarcinoma following employ-
ment in the aforementioned printing company in Osaka,
11 patients were diagnosed on further examination after a
regular health examination revealed abnormal findings on
either laboratory tests or ultrasonography [2]. This dem-
onstrates the importance of regular health examinations
for screening and surveillance for occupational cholan-
giocarcinoma. In addition, previous studies revealed that
abnormal liver function test results were observed several
years before the diagnosis of cholangiocarcinoma [11, 12]:

However, an cfficient strategy for the detection of occu-
pational cholangiocarcinoma during the health examina-
tions of workers with long-term exposure to high concen-
trations of organic solvents remains to be elucidated. The
aim of this study was to establish an efficient strategy for
screening and surveillance for occupational cholangiocar-
cinoma through the evaluation of changes in the results of
laboratory tests in nine patients with occupational cholan-
giocarcinoma. These patients were selected because the
consecutive results of laboratory lests performed prior to
the diagnosis of cholangiocarcinoma could be obtained for
this group. The consecutive results of abdominal ultrasound
studies performed before the diagnosis of cholangiocarci-
noma were also available and evalvated in two patients.

Patients and methods

The subjects included in this study were nine patients with
occupational cholangiocarcinoma (Table 1). Of the nine
patients, six worked at a single printing company in Osaka
(Company A) [2], two worked at another company (Com-
pany B), and one worked at third company (Company C)
[4]. Of the nine patients, seven patients (patients 1, 3-8)
were exposed to a high concentration of DCF, one (patient
0) was exposed to a high concentration of DCM and one
(patient 2) was exposed to high concentrations of both DCP
and DCM. In four patients, cholangiocarcinoma was diag-
nosed while they were currently working at the printing
companies, while the cholangiocarcinoma was diagnosed
after the end of the exposure in the remaining patients. The
interval between the end of the exposure and the diagnosis
of cholangiocarcinoma ranged from 3 years and 10 months
to 12 years. The consecutive results of laboratory tests that
were performed at regular health examinations before the
diagnosis of cholangiocarcinoma were available for all nine
patients. The changes in the serum activities of y-glutamyl

Table 1 Clinical findings and laboratory test results of the nine patients with occupational cholangiocarcinoma

Patient Company Age Gender Exposure Alcohol Smoking  T-Bil AST ALT y-GTP CEA CAI19-9
no. abuse (mg/dl) (UM (UM O (ng/ml) AU/
1 A 25 Male DCP Yes Yes 0.8 75 112 1729 8832 30.5
2 A 35 Male DCM, DCP  No Yes 6.4 148 306 2457 1.6 1192
3 A 31 Male DCP No Yes 1.4 153 311 1196 51 1084
4 A 39 Male DCP No No 0.5 45 92 486 54 206
5 A 39 Male DCP No Yes 0.5 30 34 347 1.5 105

6 A 31 Male DCP No No 0.6 18 14 75 2.1 501

7 B 37 Male DCP No Yes 1.02 114 212 526 2.5 2418
8 B 42 Male DCP No Yes 10 188 321 1404 3.1 23253
9 G 49 Male DCM No No 1.2 84 137 2034 0.7 5653

DCP 1,2-dichloropropane, DCM dichloromethane
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transpeptidase (y-GTP), aspartate aminotransferase (AST),
and alanine aminotransferase (ALT) were evaluated
because abnormal results on these tests have often been
observed at the diagnosis of occupational cholangiocarci-
noma [2, 4].

In two patients, the consecutive results of abdomi-
nal ultrasound studies were obtained from two hospitals
where these (wo patients were followed up because of
abnormal liver [unction tests. We evaluated tumor lesions,
such as spacc-occupying lesions in the liver, papillary or
protruding tumorous lesions in the bile duct, dilatation
of the bile ducts, and lymph node swelling detected by
ultrasonography.

This study was approved by the ethics committee of
Osaka City University (No. 2368), and all subjects or their
legally authorized representatives (for deceased patients)
provided written informed consent.

Results
Changes in laboratory test results

The consecutive results of tests of the serum activities
of y-GTP, AST and ALT are shown in Fig. 1. In all nine
patients, the serum y-GTP activity was increased several
years hefore the detection of cholangiocarcinoma. The
serum ALT activity also increased several years before the
detection of cholangiocarcinoma, following an increase in
the serum AST activity in most patients. In patients 3, 4 and
3, the serum activities of y-GTP, AST and ALT increased
gradually after the end of the exposure. In patient 5, chol-
angitis occurred 1 month before the diagnosis of cholan-
giocarcinoma. Patient 6 retired from printing company A
because of extremely increased activity levels of y-GTP,
AST and ALT, and the activity levels gradually decreased
after retirement.

Changes in abdominal ultrasonographic images

In patient 5, regional dilatation of the bile ducts in the
posterior segment and the lateral segment was detected
5 months before the diagnosis of cholangiocarcinoma, and
these were subsequently enlarged (Fig. 2). Al the diagno-
sis of cholangiocarcinoma, regional dilatation of the bile
ducts without tumor-induced stenosis and tumorous lesions
in the bile duct with thick walls in the lateral segment was
observed. In patient 6, regional dilatation was first detected
5 years and 3 months before the diagnosis of cholangio-
carcinoma, and the ducts continued to enlarge gradually
(Fig. 3). At the diagnosis of cholangiocarcinoma, regional
dilatation of the bile ducts, dilatation of the intrahepatic
bile ducts due Lo tumor-induced slenosis, space-occupying

lesions, and/or lymph node swelling were observed in nine
patients.

The results of laboratory test results and abdominal
ultrasonography

At the time of diagnosis of cholangiocarcinoma, the serum
activities of AST and ALT were elevated in seven of the
nine patients. The serum y-GTP activity was elevated in all
nine patients (Table 1). The serum concentrations of car-
bohydrate antigen 19-9 (CA 19-9) and carcinoembryonic
antigen (CEA) were elevated in eight and three patients,
respectively; the serum concentrations of CA 19-9 and/or
CEA were elevated in all nine patients. Among the nine
patients, ultrasonography detected tumorous lesions in six
patients, space-occupying lesions in the liver (Fig. 3k) in
three patients (patients 1, 6, and 7) and tumorous lesions in
the bile ducts (Fig. 2f) in four patients (patients 2, 3, 5, and
9). Ultrasonography also showed wall thickening of the bile
ducts (hyperechoic wall) (Fig. 2f) in one patient (patient 5).
Dilated intrahepatic bile ducts with tumor-induced stenosis
(Fig. 3f) were detected by ultrasonography in six patients
(patients 1, 3, 4, 6, 8, and 9). Regional dilatation of the
intrahepatic bile ducts without tumor-induced obstruction
(Figs. 2, 3), which is a characteristic of patients with occu-
pational cholangiocarcinoma [2, 4], was detected in two
patients (patients 5 and 6). Lymph node swelling (Fig. 3e)
was observed in one patient (patient 6). Abnormal find-
ings indicating the possibility of malignant disease were
detected by ultrasonography in all nine patients.

Discussion

Early detection of cholangiocarcinoma, while it is still in
the rescctable stage, is cssential, because complete resec-
tion is the most effective and curative treatment. However,
the early diagnosis of cholangiocarcinoma is difficult,
because the signs and symptoms of the disease ate often
nonspecific. Of 17 patients who were diagnosed to have
occupational cholangiocarcinoma following employment at
a printing company in Osaka, 11 patients were diagnosed
on further examination after a regular health examination
revealed abnormal findings on either laboratory tests or
ultrasonography [2]. This demonstrates the importance of
regular health examinations for screening and surveillance
for occupational cholangiocarcinoma.

Exposure to organic solvents induced liver dysfunction
in the patients diagnosed with occupational cholangiocar-
cinoma. In previous studies, pathological examinations of
resected specimens demonstrated chronic bile duct injury
and/or cholestasis due o cholangiocarcinoma [2, 4, 13]. In
the current study, the serum y-GTP activity was found lo
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arrows show the term of the exposure to 1,2-dichloropropane (DCF)
and dichloromethane (DCM)

Fig. 1 The changes in the laboratory test results before the diagnosis
of cholangiocarcinoma. Closed triangles y-GTP; closed circles aspar-
tate aminotransferase; closed squares alanine aminotransferase. The
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Fig. 2 The changes in the findings of abdominal ultrasound studies
before the diagnosis of cholangiocarcinoma in patient 5. The fimes
indicate the duration before the detection of cholangiocarcinoma.

have increased several years before the diagnosis of cholan-
giocarcinoma. The serum ALT aclivity was also increased
several years beftore the detection of cholangiocarcinoma,
following an increase in the serum AST activity in most
patients. As a result, the serum y-GTP activity was elevated
in all nine patients with occupational cholangiocarcinoma.
These findings suggest that the observed liver dysfunction
might be related to chronic bile duct injury and that the
development of precancerous lesions and/or cholangiocar-
cinoma was due to the exposure to chlorinated organic sol-
vents. Therefore, consecutive assessment of the liver func-
tion with tests for AST, ALT and y-GTP is useful for the
evaluation of bile duct and liver injury, and for estimating
the risk of cholangiocarcinoma during regular health exam-
inations. However, these tests cannot detect cholangiocarci-
noma itself, and are not a definitive method for diagnosing
cholangiocarcinoma.

The serum concentration of CA 19-9 is elevated in
60-80 % of patients with intrahepatic cholangiocarci-
noma [5-7, 14—16]; testing the serum concentrations
of CA 19-9 is currently widely used to detect cholan-
giocarcinoma, particularly in patients with primary
sclerosing cholangitis (PSC), which is a risk factor for

Short arrows show the regional dilatation of the bile ducts without
tumor-induced stenosis. The long arrow shows a tumorous lesion in
the bile duct with wall thickening (hyperechoic wall)

cholangiocarcinoma [14, 17-21]. Tt is also known that
the serum concentrations of CEA are often elevated in
patients with cholangiocarcinoma [5, 15, 16] and high
serum concentrations of CEA suggest intrahepatic chol-
angiocarcinoma in patients with hepatolithiasis [22, 23].
In the current study, the serum concentrations of CA
19-9 and CEA were increased at the time of diagnosis of
cholangiocarcinoma in three patients and eight patients,
respectively. The serum concentrations of CA 19-9 and/
or CEA were elevated in all nine patients at the time of
diagnosis. This demonstrates that measurement ol Lhe
serum concentrations of CA 19-9 and CEA is useful in
indicating the possibility of cholangiocarcinoma.

In this study, abdominal ultrasonography revealed the
gradual enhancement of the regional dilatation of the bile
ducts before the diagnosis of cholangiocarcinoma in two
patients in whom consecutive ultrasonography results
were available. Ultrasonography detected abnormal find-
ings (tumorous lesions and/or dilated bile ducts) in all nine
palients at the time of diagnosis of cholangiocarcinoma.
Thus, although it is difficult to use ultrasonography to obtain
a definitive diagnosis of cholangiocarcinoma, ultrasonogra-
phy is useful for screening and surveillance for occupational
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Fig. 3 The changes in the findings of abdominal ultrasound studies
before the diagnosis of cholangiocarcinoma in patient 6. The fimes
indicate the duration before the detection of cholangiocarcinoma.
Short arrows show the regional dilatation of the bile ducts without

cholangiocarcinoma because of its high rate of detection of
abnormal findings and its noninvasive nature.

For the surveillance for cholangiocarcinoma in patients
with PSC, a combination of the measurement of the serum
concentrations of CA 19-9 and ultrasonography or mag-
netic resonance imaging/magnetic resonance cholangiopan-
creatography (MRI/MRCP) is recommended [24]. Endo-
scopic retrograde cholangiopancreatography (ERCP) is
reserved for patients with an increased serum concentration
of CA 19-9 or imaging evidence of dominant strictures. For
regular health examinations, noninvasive and cost-effective
methods are preferred. The results of the current study
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tumor-induced stenosis. Long arrows show a space-occupying lesion
in the liver. The dotted arrow shows dilatation of the bile duct due to
tumor-induced stenosis. The arrow head shows lymph node swelling

demonstrate that a combination of ultrasonography and
laboratory tests including the y-GTP, AST, ALT, CA 19-9
and CEA levels is useful for screening and surveillance
for occupational cholangiocarcinoma in workers who are
exposed to chlorinated organic solvents.

For patients with PSC, measurement of the serum con-
centrations of CA19-9 and ultrasonography at 12-month
intervals is recommended for the screening and surveil-
lance for cholangiocarcinoma [17, 24]. The incidence of
cholangiocarcinoma scems to be higher in printing com-
pany workers (17 out of 101 workers in the offset color
proof-printing department at the printing company in
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Workers with exposure to high concentration
of chlorinated organic solvent

4

Liver functiontests plus
measurement of CA 19-9 and CEA
plus ultrasonography

¢

CT, MRI/MRCP

ERCP with biopsy, cytology
Liver biopsy

FDG-PET

Fig. 4 The proposed program for the screening and surveillance for
cholangiocarcinoma in workers exposed to chlorinated organic sol-
vents

Osaka [2]) than in patients with PSC (their risk of subse-
quent development of cholangiocarcinoma was 0.5-1.5 %
per year [25, 26]). Therefore, health examinations with lab-
oratory tests and ultrasonography at least every 6 months
may be recommended for workers who are exposed to
high concentrations of chlorinated organic solvents. When
ultrasonography or laboratory test results are abnormal,
computed tomography, MRI, and/or MRCP should be per-
formed to detect possible cholangiocarcinoma. Further-
more, ERCP with biopsy and/or cytology, or a liver biopsy,
is recommended to obtain a definitive diagnosis (Fig. 4).
However, it is necessary to evaluate this strategy in a pro-
spective cohort study.

The longest period between the end of the exposure to the
chlorinated organic solvents and the diagnosis of cholangio-
carcinoma was 12 years. Thus, it is necessary to monitor the
workers long term even after they switch jobs or retire.

In conclusion, regular health examinations with a com-
bination of ultrasonography and laboratory tests including
the y-GTP, AST, ALT, CA 19-9 and CEA levels is useful
for screening and surveillance for occupational cholangio-
carcinoma in workers who are exposed to high concentra-
tions of chlorinated organic solvents. Health examinations
at least every 6 months, and for the long term even afier the
discontinuation of exposure are warranted.
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Abstract

Background An outbreak of cholangiocarcinoma has been
reported among workers of an offset color proof-printing de-
partment at a printing company in Japan. In this study, we
compared the clinicopathological findings of this type of
intrahepatic cholangiocarcinoma (occupational ICC) and
non-occupational ICC.

Methods The clinical records of 51 patients with perihilar-
type ICC who underwent liver resection, including five
patients with occupational ICC were retrospectively
reviewed. The clinicopathological features were compared.
Results  In the occupational group, the patients were signifi-
cantly younger (P > 0.01), while serum y-glutamyl
transpeptidase activity and the proportions of patients with
regional dilatation of the bile ducts without tumor-induced ob-
struction were significantly higher (P = 0.041 and P > 0.01,
respectively); the indocyanine green retention rate at 15 min
was significantly lower (P = 0.020). On pathological exami-
nations, precancerous or early cancerous lesions, such as bili-
ary intraepithelial neoplasia and intraductal papillary
neoplasm of the bile duct, were observed at various sites of
the bile ducts in all occupational ICC patients; such lesions
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were observed in only six patients in the control group
(P > 0.01).

Conclusions The clinicopathological findings including age,
liver function test results, diagnostic imaging findings, and
pathological findings differed between the occupational and
control groups.

Keywords Biliary intraepithelial neoplasia - Intraductal
papillary neoplasm of the bile duct - Occupational
cholangiocarcinoma - Organic solvent - Printing company

Introduction

Cholangiocarcinoma arises from the epithelium of the intra-
and extrahepatic bile ducts. Many studies have shown that
the risk factors for cholangiocarcinoma include
hepatolithiasis, primary sclerosing cholangitis (PSC), liver
fluke infection, and hepatitis B and C virus infections [1-5].
Recently, an outbreak of cholangiocarcinoma has been
reported among young adult workers of an offset color
proof-printing department at a printing company in Osaka,
Japan [6, 7]. These 17 patients with cholangiocarcinoma had
been exposed to chlorinated organic solvents that were used
to remove ink residues, including 1,2-dichloropropane
(DCP) and/or dichloromethane (DCM) [6, 7]. This type of
cholangiocarcinoma in these 17 patients and in 19 other
workers who were exposed to high concentrations of DCP
and/or DCM for a long term is recognized as “occupational
cholangiocarcinoma (occupational biliary tract cancer)” by
the Japanese Ministry of Health, Labour and Welfare, until
August 2015 [8].

We have previously described the clinical findings, labora-
tory test results, diagnostic imaging results, pathological find-
ings, treatments, and prognosis of patients with occupational
intrahepatic cholangiocarcinoma (ICC) [7, 9-11]. However,
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in the previous studies, we investigated only patients with oc-
cupational cholangiocarcinoma; a comparison between pa-
tients with occupational cholangiocarcinoma and those with
non-occupational cholangiocarcinoma was not performed.
We have also reported that the main and most invasive chol-
angiocarcinoma lesions in patients with occupational cholan-
giocarcinoma were located in the large bile duct [7, 9, 10];
these were classified as perihilar type ICC [12—-14]. Therefore,
in this study, we compared the clinicopathological findings of
the patients with occupational ICC and patients with non-
occupational perihilar type ICC to clarify the characteristics
of the patients with occupational ICC,

Methods

The records of 93 patients who underwent liver resection
for ICC at two hospitals (i.e. Osaka City University Hos-
pital and Tshikiriseiki Hospital) between January 1997
and December 2014 were retrospectively reviewed. Of
the 93 patients, ICCs in 51 patients were classified as
the perihilar type, and ICCs in the other 42 patients were
classified as the peripheral type. The 42 patients with pe-
ripheral type ICC were excluded, because the occupa-
tional ICCs in five patients were classified into perihilar
type ICC and because the pathogenesis and clinicopatho-
logical characteristics of perihilar large duct type ICC and
peripheral small duct type ICC are different [12-14]. We
investigated the clinical features, laboratory test results,
diagnostic imaging results, pathological findings, treat-
ments, and outcomes between patients with occupational
ICC (i.e. the occupational group) and those with non-
occupational ICC (i.e. the control group). Patient data, in-
cluding the medical history, alcohol intake history, clini-
cal findings, and laboratory test results, and diagnostic
imaging results were obtained from the medical records
and films, respectively.

The pathological findings were recorded and described
according to the World Health Organization classification
of ICC [13]. Tumors involving the large bile ducts com-
parable in size to the intrahepatic second branches were
considered the perihilar type, and tumors involving the
smaller ducts comparable in size to the segmental
branches were considered the peripheral type [12-14].
The macroscopic types of ICC were grossly classified as
the mass-forming (MF), periductal infiltrating (PI), or
intraductal growth (IG) type. Surgical specimens were
cut into 5-mm slices and fixed in 10% formalin. Perma-
nent sections were prepared after staining with hematox-
ylin and cosin. Preneoplastic or early preinvasive
neoplastic lesions of the biliary tree were classified as flat
dysplastic epithelial tumors (biliary intraepithelial neopla-
sia: BilIN) or grossly visible papillary tumors (intraductal

papillary neoplasm of the bile duct: IPNB) [13, 15-18].
BilIN lesions were histologically classified according to
their cellular and structural features as BilIN-1 (mild
atypia), BilIN-2 (moderate atypia), or BilIN-3 (severe
atypia corresponding to in situ carcinoma). BilIN-1 le-
sions presented with mild atypical cellular and nuclear
features, such as nuclear membrane irregularities or
nuclear enlargement with only minimal disturbances to
cellular polarity. BilIN-2 lesions had evident aberrant cel-
lular and nuclear features not sufficient to suggest overt
carcinoma; these lesions also had focal disturbance in cel-
lular polarity. BilIN-3 lesions presented with diffuse dis-
turbances in cellular polarity with or without distinct
atypical cellular and nuclear features that corresponded
to carcinoma in situ. In this study, only BilIN-2 and
BilIN-3 lesions were examined because it is controversial
whether BilIN-1 lesions contain any reactive hyperplastic
changes. “Chronic bile duct injury” was used as a collec-
tive term to describe duct injuries such as epithelial dam-
age, fibrosis of the duct wall and periductal tissue, and
chronic inflammatory cell infiltration, in various combina-
tions [7, 9]. In this study, two patients with biliary
cystoadenocarcinoma were excluded.

Two or more segmentectomies were considered major
hepatectomy while one segmentectomy or limited resection
was considered minor hepatectomy. Lymph node involve-
ment was diagnosed on pathologic examination of the
resected lymph nodes. After hospital discharge, patients were
followed-up at the outpatient clinic. For each patient, bio-
chemical test and tumor marker measurements, including
carcinoembryonic antigen and carbohydrate antigen 19-9
(CA19-9), and diagnostic imaging using computed tomogra-
phy, ulirasonography, or magnetic resonance imaging were
performed every 3 months.

Statistical analysis

The Student’s #-test or the Mann—Whitney U-test was used to
determine differences in age and laboratory test results. The y?
test or Fisher's exact test was used to evaluate significant dif-
ferences in the categorical data between groups. Survival data
were calculated from the date of resection until 30 September
2015 or the date of death. The cumulative survival rates were
calculated by using the Kaplan-Meier method, and the signif-
icant differences between groups were evaluated by using the
log-rank test. Differences with P > 0.05 were considered sta-
tistically significant. Statistical analysis was performed with
IMP 9.0 (SAS Institute, Cary, NC, USA).

This study was approved by the ethics committee of Osaka
City University, and all subjects or their legally authorized
representatives provided written informed consent.
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Results
Patient characteristics

The 31 patients with perihilar type ICC included 33 men
and 18 women, with the age ranging from 31 to 83 years
(median, 65 years). Of the 51 patients, five patients had
occupational ICC (i.e. the occupational group); the other
46 patients were included in the control group. The five
patients in the occupational group were former or cur-
rent workers of an offset color proof-printing depart-
ment at a printing company in Osaka [7]. Of the five
patients, one patient was exposed to a high concentra-
tion of DCP and DCM and the other four patients were
exposed to a high concentration of DCP alone. The pe-
riod of the exposure ranged from 6 years and 1 month
to 16 years and 1 month. The median observation period
between the date of surgery and death or the study end-
point (September 2015) was 1057 days (range: 371-

Table 1 Clinical features and laboratory test results

1799 days) in the occupational group and 643 days
(range: 67—4739 days) in the control group.

Risk factors for ICC

Of the 46 patients in the control group, 10 patients (22%) were
positive for anti-hepatitis C virus antibody, three patients
(6.5%) were positive for hepatitis B virus surface antigen,
two patients (4.4%) had been diagnosed with alcoholic
hepatitis, and three patients (6.5%) had hepatolithiasis. No un-
derlying liver diseases were detected in the remaining 23
patients (61%).

Clinical findings and laboratory test results

The mean age at diagnosis of the patients in the occupational
group was 35 years (range, 31-39 years), and the mean age

Variables Occupational (n = 5) Control (n = 46) P-value
Background
Age 34 (31-39) 68 (32-83) <0.01
Gender: male/female 510 28/18 0.15
BMI (kg/m®) 23.8 (19.0-27.5) 224 (15.0-35.8) 0.34
Habitual alcoholic drinker” 0 7 (15%) 1.00
Diabetes mellitus 0 6 (13%) 1.00
Viral infection 0 13 (28%) 031
HBsAg positive 0 3(6.5%) 1.00
HCVAD positive 0 10 (22%) 0.57
First momentum
Presence of symptoms 1 (20%) 18 (39%) 0.64
Abnormal of laboratory data 4 (80%) 16 (35%) 0.071
Abnormal findings of diagnostic imaging 0 12 (26%) 0.32
Laboratory data
Total bilirubin (mg/dl) 0.6 (0.5-14) 0.8 (0.3=22.7) 0.70
Albumin (g/dl) 44 (3.549) 4.1 (3.04.9) 0.34
Prothrombin time (%) 103 (91-120) 96 (58-142) 027
ICGR15 (%) 4.7 (3.0-1.6) 9.0 (23-31.5) 0.020
AST (1UN) 30 (18-39) 29 (19-164) 0.68
ALT (IUN) 46 (14-100) 34 (9-556) 0.28
Platelet counts (x10 /ul) 23.9 (19.1-32.5) 18.8 (5.4-38.2) 0.044
y-GTP (1UN) 347 (75-785) 105 (17-620) 0.041
¥-GTP > 60 (IUA) 5 (100%) 31 (67%) 0.30
CEA > 5 (ng/ml) 1 (20%) 12 (26%) 1.00
CA19-9 > 37 (U/ml) 4 (80%) 28 (61%) 0.64

* > 60 g/day of ethanol consumption

Continuous variables including age, body mass index (BMI), and laboratory test results were expressed as median and range. ALT alanine amino-
transferase, AST aspartate aminotransferase, CA carbohydrate antigen, CEA carcinoembryonic antigen, y-GTP y-glutamyl transpeptidase, HBsAg hep-
atitis B surface antigen, HCVAb anti-hepatitis C virus antibody, JCGR15 indocyanine green retention rate at 15 min
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was significantly lower in the occupational group than in
the control group (P > 0.01, Table 1). Although all pa-
tients in the occupational group were men, there was no
significant difference in sex distribution between the
groups. In addition, there were no significant differences
in the proportion of patients with habitual alcohol intake,
diabetes mellitus, and infections with the hepatitis B or C
virus. In the occupational group, one patient visited to the
hospital because of right hypochondralgia and the four
other patients visited the hospitals becanse of abnormal
results for the liver function tests such as elevated aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), and/or y-glutamyl transpeptidase (y-GTP) activi-
ties during regular health examinations. In the control
group, ICC was diagnosed by further examination for
some symptoms such as abdominal pain and jaundice in
18 patients. In other 28 patients in the control group,
ICC was diagnosed by further examination of abnormal
laboratory examination results (16 patients) or abnormal
findings on diagnostic imaging (12 patients) during treat-
ment for other diseases including chronic hepatitis C,
chronic hepatitis B, diabetes mellitus, hypertension, and
hyperlipidemia. Although there was no significant differ-
ence, the proportion of patients who showed abnormal re-
sults on the laboratory tests tended to be higher in the
occupational ICC group (P = 0.071).

At the diagnosis of cholangiocarcinoma, the platelet
count was significantly higher in the occupational group
than in the control group (P = 0.044). In the occupational
group, y-GTP activity was elevated in all the five pa-
tients; the serum y-GTP activity was significantly higher
in the occupational group than in the control group
(P = 0.041). The indocyanine green retention rate at
15 min (ICGR15) was significantly lower in the occupa-
tional group than in the control group (P = 0.020).

Table 2 Diagnostic imaging results and treatment

Although the serum CA19-9 concentrations of four pa-
tients in the occupational group were clevated, the pro-
portion of patients with elevated serum CAL9-9
concentration was not significantly different between the
groups.

Diagnostic imaging results

On diagnostic imaging such as computed tomography,
magnetic resonance imaging, and ultrasonography,
space-occupying lesion(s) was detected in two patients
in the occupational group (Table 2 and Fig. 1a) and in
38 patients (83%) in the control group. The bile duct with
papillary, villous, or protruding tumors was detected in
three patients in the occupational group (Fig. 1b,c) and
in four patients (8.7%) in the control group. The propor-
tion of patients in whom such tumors were detected was
significantly higher in the occupational group than in
the control group (P = 0.015). Stenosis or obstruction
of the bile ducts was detected in one patient in the occu-
pational group (Fig. 1d) and in 27 patients (59%) in the
control group. Dilatation of the peripheral bile ducts due
to tumor-induced obstruction was detected in one patient
in the occupational group and in 30 patients (65%) in the
control group.

The regional dilatation of the bile ducts without
tumor-induced obstructions (Fig. 1d) — a characteristic
of occupational cholangiocarcinoma [7, 9] — was de-
tected in four patients in the occupational group and in
one patient (2.2%) in the control group. The proportion
of patients with regional dilatation of the bile ducts
without tumor-induced obstructions was significantly
higher in the occupational group than in the control
group (P > 0.01).

Findings Occupational (n = 5) Control (n = 46) P-value
Space occupying lesions 2 (40) 38 (83) 0.061
Bile ducts with papillary, villous, or protruding tumors 3 (60) 4 (8.7) 0.015
Stenosis or obstruction of the bile ducts 1(20) 27 (59) 0.16
Dilated bile ducts due to tumor-induced obstruction 120) 30 (65) 0.071
Dilated bile ducts without tumor-induced obstruction 4 (80) 1(2.2) <0.01
Operative methods
Major hepatectomy 5 (100) 44 (96) 1.00
Resection of the extrahepatic bile duct 2 (40) 12 (26) 0.61
Resection of vessels 0 3(6.5) 1.00
Dissection of lymph nodes 2 (40) 13 (28) 0.62
Adjuvant chemotherapy 4 (80) 23 (50) 0.35

Numbers in parentheses show percent.
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Fig. 1 Findings of diagnos-
tic imaging results. (a) Space
occupying lesion in a patient
with accupational
intrahepatic cholangiocarci-
noma (arrow). Modified
from [7]. (b, ¢) Bile duct with
papillary tumor in a patient
with occupational
intrahepatic cholangiocarci-
noma (arrow). (d) Stenosis of
the bile duct (arrow), and di-
lated bile ducts without tu-
mor induced obstruction
(arrow heads). Modified
from [7]

Treatment

Major hepatectomy was performed in all five patients in
the occupational group and in 44 patients (96%) in the
control group (Table 2). Resection of the extrahepatic
bile duct and reconstruction of the biliary tract were per-
formed in two patients in the occupational group and in
12 patients (26%) in the control group. Adjuvant chemo-
therapy using gemcitabine, tegafur/gimeracil/oteracil, cis-
platin, or tegafur/uracil was administered to four patients
in the occupational group and to 23 patients (50%) in the
control group.

Table 3 Pathological findings

Pathological findings

In the occupational group, the main lesion of ICC was macro-
scopically classified into the MF type in two patients and the
IG type in three patients (Table 3). In the control group, the
main lesion of ICC was classified into the MF type in 39
patients, the PI type in four, and the IG type in three. The dis-
tribution of the types was significantly different between the
groups; the proportion of the IG type was significantly higher
in the occupational group than in the control group
(P > 0.012). The proportions of patients with serosal inva-
sion, vascular invasion, and lymph node metastasis were not

Findings Occupational (n = 5) Control (n = 46) P-value
Macroscopic findings
MFE/PIIG 2/0/3 39/4/3 0.012
Tumor size (cm, median + range) 2.1 (0.5-20) 3.9 (0.8-12.5) 0.23
Histological findings
Serosal invasion 0 14 (30) 0.31
Vascular invasion 1(20) 24 (52) 0.35
Lymph node metastasis 1(20) 17 (37) 0.64
Precancerous or early cancerous lesion 5 (100) 6 (13) <0.01
BilIN-2/3 5(100) 4(8.7 <0.01
IPNB 5 (100) 2 (44) <0.01
Chronic bile duct injury 5 (100) 21 (46) 0.051
Cirrhosis 0 12.2) 1.00

In histological findings, numbers in parentheses show percent.

IG intraductal growth, IPNB intraductal papillary neoplasm of the bile duct, MF mass-forming, P/ periductal infiltrating
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different between the groups. All five patients in the occupa-
tional group had BilIN-2/3 lesions and IPNB or invasive
IPNB. In the control group, BilIN-2/3 lesions were observed
in four patients. Of the four patients with BilIN-2/3 lesions
in the control group, three patients had hepatolithiasis and
one patient had a history of exposure to organic solvents while
working at a metalworking company. IPNB or invasive IPNB
was observed in two patients in the control group. The propor-
tions of patients with BilIN-2/3 lesions and patients with
IPNB (or invasive IPNB) were significantly higher in the oc-
cupational group than in the control group (P > 0.01 for both).
Chronic bile duct injury was observed in all five patients in the
occupational group and in 21 patients in the control group.
The proportion of patients with chronic bile duct injury tended
to be higher in the occupational group (P = 0.051). No cir-
rhotic changes were detected in the noncancerous hepatic tis-
sues in the occupational group; one patient in the control
group had cirrhosis.

Surgical oulcomes

One patient in the occupational ICC group died of ICC recur-
rence 1 year after surgery. ICC recurred in 29 patients in the
control group. The shortest survival day in the control group
was 67 days, and the patient died of sepsis (hospital death).
The cumulative survival rates at | and 3 years in the control
group were 76% and 44%, respectively, The cumulative sur-
vival rates did not differ between the groups (P = 0.17, Fig. 2).

Discussion

We have previously reported that relatively young age; ele-
vated AST, ALT, and y-GTP activities at diagnosis; regional
dilatation of the intrahepatic bile ducts without tumor-induced
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Fig. 2 Cumulative survival rate after surgery in patients with occupa-
tional intrahepatic  cholangiocarcinoma and  non-occupational
intrahepatic cholangiocarcinoma

obstruction of the bile duct; and PSC-like appearance such as
multiple strictures of the bile ducts with or without fusiform
dilatation on diagnostic imaging are characteristics of occupa-
tional cholangiocarcinoma; furthermore, the main tumor or
most invasive lesions were located in the large bile duct [7,
9]. We also reported that AST, ALT, and y-GTP activities
had been observed to be increased several years before the di-
agnosis of cholangiocarcinoma in most patients with occupa-
tional ICC, and that regional dilatation of the intrahepatic bile
ducts without tumor-induced obstruction of the bile ducts had
been observed on imaging several years before the diagnosis
in some patients [7, 9, 10, 19, 20]. On pathological examina-
tion, chronic bile duct injuries and precancerous or early can-
cerous lesions, such as BilIN and TPNB, are observed at
various sites of the bile ducts [7, 9, 10]. In this study, we com-
pared the characteristics of patients with occupational ICC
and those with non-occupational ICC of the perihilar type
who underwent surgical treatments at the same hospitals dur-
ing the same period.

Intrahepatic cholangiocarcinoma usually occurs in patients
in their sixth or seventh decade of life [1, 3, 21, 22]. In this
study, the mean patient age was 35 years in the occupational
group and 68 years in the control group. The mean age in
the occupational group was relatively low. This finding is re-
lated to the relatively young age of most workers in the print-
ing company and suggests that the exposure to chlorinated
organic solvents can induce malignant transformation during
a short time.

Four of the five patients in the occupational group visited
the hospital because of abnormal findings such as clevated
AST, ALT, and y-GTP activities noted during regular health
examinations at the company. The proportion of patients
who visited the hospitals for abnormal results on laboratory
tests tended to be higher in the occupational group than in
the control group. Tn addition, in some patients in the occupa-
tional group, AST, ALT, and y-GTP activities increased
several years before the diagnosis of ICC [19, 20]. These find-
ings indicate that regular health examination is important to
detect abnormality of the biliary tract for workers exposed to
organic solvents,

In the laboratory test results, the platelet count was signif-
icantly lower and the ICGR15 was significantly higher in the
control group than in the occupational group. The control
group included patients with chronic hepatitis C, chronic
hepatitis B, and alcoholic liver disease. On the other hand,
no patients had in the occupational group these underlying
liver diseases. The differences in the platelet count and
ICGR15 between the groups were related to the differences
in the underlying diseases.

On diagnostic imaging, the proportion of patients with re-
gional dilatation of the bile ducts without tumor-induced ob-
structions, that were noted on cholangiography and appeared
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to correspond to those of PSC, was significantly higher in the
occupational group than in the control group. Such character-
istics of occupational ICC that have been reported in previous
studies [7, 9, 10] were confirmed in this study.

On pathological examination, the proportions of patients
with chronic bile duct injury, BilIN, and IPNB were signifi-
cantly higher in the occupational group than in the control
group. These BillN and [PNB lesions have been reported in
patients with hepatolithiasis, liver fluke infection, and chronic
hepatitis C [14—17, 23-25]. Therefore, chronic inflammation
caused by hepatolithiasis, liver fluke infection, and hepatitis
virus induces ncoplastic transformation through dysplastic
changes, subsequently resulting in cholangiocarcinoma.
Although such lesions are detected in the affected hepatic seg-
menis in patients with hepatolithiasis, such lesions were de-
tected at the various sites of the bile ducts in patients in the
occupational group. These findings indicated that the expo-
sure to chlorinated organic solvents caused bile duct injury
and induced carcinogenic processes at the various sites of
the bile ducts; these findings are important characteristics of
occupational ICC. In this study, BilIN lesions were detected
in four patients in the control group; three of the four patients
had hepatolithiasis and one patient had a history of exposure
to organic solvents in a metalworking company. Thus, the ex-
posure to organic solvents may induce cholangiocarcinoma in
workers except at the printing company.

Although IPNB lesions were detected in all patients in the
occupational group, IPNB lesion(s) (invasive IPNB) was de-
tected in only two patients in the control group. In the occupa-
tional group, two patients had MF type ICC and three patients
had IG type ICC. Aishima et al. reported that ICC can be clas-
sified into the perihilar large bile duct type and the peripheral
small duct type [14]. In the perihilar large bile duct type,
chronic biliary inflammation caused by PSC, hepatolithiasis,
and liver flukes may induce BilIN or PT type cholangiocarci-
noma via one pathway. These tumor type progress with inva-
sion to the liver parenchyma, then adopt the morphologic
features of the MF and PT type twmors (i.e. the MF + PI type).
Another pathway shows the intraductal papillary or tubular
growth of the tumors (IG type cholangiocarcinoma and TPNB
with invasion). Thus, the carcinogenic pathway through BillN
proceeded mainly in patients with MF type ICC, and the path-
way through IPNB proceeded mainly in patients with the IG
type. In this study, the proportion of patients with IPNB was
significantly higher in the occupational group than in the con-
trol group. These findings were related to the higher propor-
tion of patients with papillary, villous, or protruding tumors
on the diagnostic imaging and that with IG type ICC in the oc-
cupational group.

Although the cumulative survival rates were not different
between the groups, the number of patients was too small
and the observation period was too shott to evaluate the

prognosis. Further studies are necessary to compare the differ-
ence in prognosis.

In conclusion, the clinicopathological findings including
age, the results of liver function tests, and pathological find-
ings differed between the occupational and control groups.
Such differences in the clinicopathological findings might be
based on the different carcinogenic processes between occu-
pational ICC and non-occupational ICC. Therefore, it is nec-
essary to investigate the detailed mechanisms of the
development of occupational ICC.
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Abstract

Background We aimed to identify the pathological characteristics of occupational
cholangiocarcinoma.

Methods We examined the location and distribution of the carcinomas: atypical epithelium
including biliary intraepithelial neoplasia (BilIN) and intraductal papillary neoplasm of the
bile duct (IPNB); and chronic bile duct injuries in operative or autopsy liver specimens from
16 patients. We examined the detailed pathological findings and diagnostic imaging of three
patients. Immunohistochemical analysis using primary antibodies against YH2AX and
S100P was performed.

Results BilIN and chronic bile duct injury were observed in 16 patients, and IPNB or
invasive IPNB was observed in 11 patients. BilIN, TPNB, and/or chronic bile duct injury
were observed in almost all the large bile ducts. Regional dilatation of the bile ducts without
tumor-induced obstruction revealed such pathological changes. Highly positive results for
the YH2AX and S100P markers were noted in invasive carcinoma, BilIN, and IPNB,
whereas positive results for YH2AX and negative results for SI00P were noted in non-
neoplastic biliary epithelium.

Conclusions The carcinogenic process of occupational cholangiocarcinoma comprised
chronic bile duct injury and DNA damage in almost all the large bile ducts, along with induc-
tion of precancerous lesions and development of invasive carcinoma. Such pathological
findings reflected radiological changes on diagnostic imaging.

Keywords 1,2-dichloropropane - Biliary intraepithelial neoplasia - Intraductal papillary
neoplasm of the bile duct - Occupational cholangiocarcinoma - Printing company

Introduction

An outbreak of cholangiocarcinoma in printing companies in Japan was recently reported
[1-3], and such cholangiocarcinoma was first recognized as an occupational disease by
the Japanese Ministry of Health, Labour and Welfare in 2013 [4]. By September 2015, 36
patients, including 17 patients at the printing company in Osaka [1], were diagnosed with
occupational cholangiocarcinoma by the Ministry. It was reported that 1,2-dichloropropane
(DCP) and dichloromethane (DCM) play an important role in the development of this type
of cholangiocarcinoma [1-4]. In June 2014, the International Agency for Research on
Cancer decided to classify DCP as group | (carcinogenic to humans) and DCM as group
2A (probably carcinogenic to humans) [5]. We previously reported that an increased serum
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concentration of gamma—glutamyl transpeptidase (y-GTP)
activity, the regional dilatation of the intrahepatic bile ducts
without tumor-induced obstruction and biliary images similar
to the appearance of primary sclerosing cholangitis (PSC),
such as multiple strictures of the bile ducts with or without
fusiform dilatation [6] on diagnostic imaging, papillary prolif-
erating tumor, and the presence of precancerous or early
cancerous lesions, such as biliary intraepithelial neoplasia
(BilIN) and intraductal papillary neoplasm of the bile ducts
(IPNB), and non-specific bile duct injuries, such as fibrosis,
are characteristic of patients with occupational cholangiocar-
cinoma [1, 3, 7). However, the number of subjects was small,
and an extensive pathological examination and comparison
between pathological findings and radiological findings have
not been performed in previous studies [1, 3, 7].

In this study, we evaluated the pathological features of 16
patients with occupational cholangiocarcinoma. In addition,
for three of the 16 patients, whose detailed radiological
findings and whole operative specimens for extensive
pathological examination were available, we examined the
radiological and pathological findings more closely. We also
discuss the possible carcinogenic progression of occupational
cholangiocarcinoma.

Subjects and methods
Subjects

The subjects in this study consisted of 16 men with occupa-
tional cholangiocarcinoma who were former and current
workers at printing companies in Japan (Hokkaido, Miyagi,
Osaka, and Fukuoka prefectures) and whose operative or
autopsy specimens, including hepatic tissue, were available
for pathological examination (Table 1). They were exposed
to various types of chlorinated organic solvents, including
DCP, DCM, and 1,1,1-trichloroethane (TCE). We evaluated
the clinicopathological findings in the 16 patients using
surgical specimens from 14 patients (patients no. 1, 2, 4-12,
and 14-16) and autopsy specimens from two patients
(patients no. 3 and 13). We also performed a detailed patho-
logical examination of the whole resected liver, including
immunohistochemical analysis corresponding to the bile duct
imaging findings, while making anatomical charts of the large
bile ducts in three patients (patients no. 10-12). “Large bile
duct” is used as a collective term that refers to the common
hepatic duct, the left or right hepatic duct, or to the first to third
branches of the intrahepatic bile duct [8].

This study was approved by the ethics committee of
Osaka City University, and all subjects or their legally
authorized representatives (for deceased patients) provided
written informed consent. This multicenter occupational

cholangiocarcinoma study group consisted of investigators
at 15 institutes.

Pathological examination

We evaluated the clinicopathological characteristics, including
the presence of BilIN or IPNB, in non-cancerous hepatic tissue,
and the presence of chronic bile duct injury in the 16 patients.
The pathological findings were evaluated by pathologists
(Y.N. and Y.S.) according to the World Health Organization
classifications for intrahepatic cholangiocarcinoma [9]. Pre- or
early neoplastic lesions of the bile ducts were classified as BillN
or IPNB. BilIN lesions were histologically classified according
to their cellular and structural features as BillN-1 (mild atypia),
BilIN-2 (moderate atypia), or BilIN-3 (severe atypia corre-
sponding to in situ carcinoma). In this study, we mainly sur-
veyed BilIN-2 and BilIN-3 lesions because it was unclear
whether BilIN-1 lesions included reactive hyperplastic changes.
“Chronic bile duct injury” is a collective term that refers to var-
ious combinations of duct injuries such as epithelial damage, fi-
brosis of the bile duct wall and periductal tissue, and chronic
inflammatory cell infiltration.

We evaluated the detailed pathological findings of the
whole resected liver while making anatomical charts of the
large bile ducts in three patients (patients no. 10-12) as
follows. Left hepatectomy and excision of segment 7 were
performed in patient 10. Right hepatectomy and resection of
the extrahepatic bile duct with hepaticojejunostomy and
reconstruction were performed in patient 11. Extended left
hepatectorny was performed in patient 12. To enable the
extensive pathological examination of all the operative speci-
mens, 56 histological sections (5-mm each) were obtained from
the specimen of patient 10, 85 sections from the specimen of
patient 11, and 124 sections from the specimen of patient 12.
After macroscopic observation of the specimens, the sec-
tions were cut, embedded in paraffin, and stained with
hematoxylin-eosin (HE). Observed lesions including the
main tumor(s), precancerous lesions such as BilIN-2/3
and IPNB, and chronic bile duct injury on HE-stained
specimens were cross-referenced with the anatomical
charts of the bile ducts. The pathological findings were
mapped to evaluate the correlation between the diagnostic
imaging and pathological findings.

Immunohistochemistry

Immunological staining was performed using primary anti-
bodies against S100P (1:100 rabbit monoclonal, Epitomics)
and yH2AX (1:100 rabbit monoclonal; Novus Biologicals,
Littleton, CO, USA) to evaluate neoplastic changes and
DNA injury locations, respectively, in three patients
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Table 1 Clinicopathological finding in 16 patients

Patients Age Gender Organic  Location and type of Treatments Specimens  BilIN-2/3  IPNB/ Chronic
solvents  cholangiocarcinoma invasive  bile duct
IPNB injury
1 34 M DCP, 1CC, mass-forming Extended rt. hepatectomy,  Surgery Yes Yes Yes
DCM, resection of extrahepatic
TCE bile duct
2 34 M DCP, ICC, mass-forming Rt. trisegmentectomy Surgery Yes Yes Yes
DCM,
TCE
3 25 M DCP 1CC, mass-forming Chemotherapy Autopsy Yes ND Yes
4 35 M DCP, ECC (perihilar), Extended t. hepatectomy,  Surgery Yes Yes Yes
DCM, papillary resection of extrahepatic
TCE bile duct
5 40 M DCP, ICC, mass-forming Rt. Hepatectomy, Surgery Yes Yes Yes
DCM, ECC (distal), Pancreaticoduodenectom
TCE papillary
6 38 M DCP, 1CC, mass-forming Segmentectomy 8 Surgery Yes ND Yes
DCM
7 40 M DCP, ICC, intraductal Extended It. hepatectomy  Surgery Yes Yes Yes
DCM, growth
TCE
8 31 M DCP ECC (perihilar), Extended rt. hepatectomy, — Surgery Yes Yes Yes
papillary resection of extrahepatic
bile duct
9 39 M DCP ICC, intraductal growth Lt. hepatectomy, resection  Surgery Yes Yes Yes
ECC (perihilar), papillary  of extrahepatic bile duct
10 39 DCP ICC, intraductal Lt. hepatectomy, Surgery Yes Yes Yes
growth Segmentectomy 7
11 31 M DCP ICC, mass-forming Rt. hepatectomy, resection  Surgery Yes Yes Yes
of extrahepatic bile duct
12 34 M DCP ICC, intraductal Extended It. hepatectomy  Surgery Yes Yes Yes
growth
13 37 M DCP, ICC, mass-forming Chemotherapy Autopsy Yes Yes Yes
DCM?,
TCE
14 42 M DCP, ECC (perihilar), Extended 1. hepatectomy Surgery Yes No Yes
DCM?, scirrhous constricting withpreoperative
TCE chemotherapy and
radiotherapy
15 57 M DCP, ICC, mass-forming Extended rt. hepatectomy,  Surgery Yes No Yes
DCM resection of extrahepatic
bile duct
16 47 M DCP, ICC, mass-forming Rt triscgmentectomy Surgery Yes ND Yes
DCM

BilIN biliary intracpithelial neoplasia, DCM dichloromethan, DCP 1,2-dichloropropane, ECC extrahepatic cholangiocarcinoma, ICC intrahepatic cholan-
giocarcinomna, IPNB intraductal papillary neoplasm of the bile duct, invasive IPNB IPNB with an associated invasive carcinoma, ND not determined because
of small amount of non-cancerous hepatic tissue, TCE 1,1,1-trichloroethane.

* The amount of DCM used was small

(patients no. 10-12). After deparaffinization, antigen
retrieval was performed by autoclaving the sections in
citrate buffer 10 mmol/l (pH6.0). The sections were then
immersed in 0.3% hydrogen peroxidase in purified water
for 20 min at room temperature to block endogenous perox-
idase activity. After pretreatment with blocking serum

(Blocking One; NACALAI TESQUE), the sections were
incubated overnight at 4°C with each of the primary antibod-
ies. The sections were then incubated with a secondary
antibody conjugated to peroxidase-labeled polymer using
the HISTOFINE system (Nichilei, Tokyo, Japan). Color
development was performed using 3,3’-diaminobenzidine
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tetrahydrochloride, and the sections were lightly counter-
stained with hematoxylin. A semiquantitative analysis of
the immunostained sections was performed. According to
the mapping charts of invasive carcinoma, BilIN-2/3, IPNB,
peribiliary gland, and chronic bile duct injuries were
observed in fields at x 200 magnification, and the area of
highest labeling of YH2AX and S100P nuclear expression
were selected for each focus in the sections. The proportion
of stained cells was evaluated as follows: — (negative);
+ (<20%); and ++ (>20%).

Anatomical charts of the bile duct

Dynamic computed tomography (CT), ultrasonography (US),
magnetic resonance cholangiopancreatography (MRCP), and
endoscopic retrograde cholangiopancreatography (ERCP)
studies were performed in these three patients. Anatomical
charts of the large bile ducts were created to depict the
pathological changes of the large bile ducts by reference
to these diagnostic images in each case. The spectrum of
biliary tract lesions including stricture or obstruction of the
bile duct, regional dilatation of the intrahepatic bile ducts
without tumor-induced obstruction were evaluated on these
diagnostic images.

The liver anatomy and operative methods were classified
according to Brisbane 2000 terminology [10].

Results
Clinicopathological findings of 16 patients

The age of the patients at diagnosis ranged from 25 to 57 years
(mean, 37 years), and all patients were men (Table I1). Of the
16 patients, seven patients (patients no. 1, 2,4, 5,7, 13, and
14) had been exposed to DCP, DCM, and TCE; three patients
(patients no. 6, 15, and 16) had been exposed to DCP and
DCM; and six patients (patients no. 3, and 8-12) had been
exposed to only DCP. The main tumor was classified as
intrahepatic cholangiocarcinoma in 11 patients, and extrahe-
patic cholangiocarcinoma (perihilar) in three patients. One
patient was diagnosed as having intrahepatic and extrahepatic
(perihilar) cholangiocarcinoma, and another patient was
diagnosed as having intrahepatic and extrahepatic (distal side)
cholangiocarcinoma.

The histopathological examination showed that the main
tumor in the 16 patients was adenocarcinoma. BilIN-2/3
lesions and chronic bile duct injury were observed in all 16
patients (Table 1). IPNB, including IPNB with an associated
invasive carcinoma (invasive IPNB) and some mucus produc-
tion, was observed in 11 patients (patients no. 1, 2, 4, 5, and
7-13). In three patients (patients no. 3, 6, and 16), the

presence of IPNB could not be evaluated sufficiently because
of the presence of small amounts of non-cancerous hepatic
tissue. In four patients in whom the whole resected liver
(patients no. 10-12) or the whole liver by autopsy (patients
no. 13) were available for pathological examination, BilIN-
2/3, IPNB, and chronic bile duct injury were observed in
almost all of the large bile ducts.

Extensive pathological examination of the whole resected
specimens

Patient 10

On the preoperative MRCP (Fig. 1a), regional dilatation of the
peripheral bile ducts without tumor-induced obstruction was
observed in segment 7 (B7). Multiple strictures and regional
dilatation of the bile ducts in the left lobe were also seen.
Macroscopic examination of the operative specimens showed
the dilatation of B7 (Fig. 1b) and thickening of Glisson’s
sheath in the left lobe (Fig. 1¢), corresponding to the MRCP
findings. On the histopathological examination, well differen-
tiated papillary adenocarcinoma with mucus-producing
eosinophilic cytoplasm (intraductal growth type) was
observed in the B7 dilatation (Fig. 2b,c), and it was diagnosed
to be an oncocytic type invasive IPNB with minimal invasion,
BilIN2/3 lesions with different morphology from that of the
main lesion were observed in the peripheral portions of B7
(Fig. 2a). In the left lobe, BilIN-2/3 was observed throughout
the bile ducts, which were not abnormal on the preoperative
imaging (Fig. 2d). IPNB was observed in the peripheral bile
ducts in segment 2 (B2), corresponding to the regional
dilatation of the bile ducts seen on the preoperative image
(Fig. 2e). Chronic multifocal bile duct injuries were found
thronghout the bile ducts.

Patient 11

A space-occupying lesion was observed in segment 6 on the
preoperative CT (Fig. 1d). Dilated bile ducts in the posterior
segment (peripheral side of the tumor) as well as multiple
strictures and dilatation of the bile ducts in the anterior
segment were observed on MRCP and ERCP (Fig. le).
Macroscopic examination of the operative specimens showed
a tumor in segment 6 (mass-forming type) and dilatation of
the bile ducts (Fig. 1f). Histopathologically, a space-
occupying lesion on preoperative diagnostic imaging was
an oncocytic type of invasive adenocarcinoma with
micropapillary lesions on the luminal sides and extramural
invasion and periductal infiltration to the posterior branch
(Fig. 3a,e,f). BilIN-2/3 lesions were observed in the periph-
eral portions of the bile ducts in segments 6 and 7 (B6, B7)
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Fig. 1 Diagnostic imaging and surgical specimens. Regional dilatation of the bile ducts without tumor-induced obstruction (long arrow) is observed in
the bile ducts of segment 7 (B7) and the peripheral bile ducts in the left lobe (short arrow) on preoperative magnetic resonance cholangiopancreatography
(MRCP) of patient | (a). Macroscopic examination of patient 1’s operative specimens (b and ¢) showing thickening of Glisson’s sheath in the left lobe
(arrow, b) and dilatation of B7 (arrow, €) [1]. A space-occupying lesion (arrow) is observed in the proximal side of segment 6 on the preoperative com-
puted tomography (CT) image of patient 2 (d). The dilated bile ducts in the posterior segment (peripheral part of the tumor, long arrow) and multiple
strictures and dilatation of the bile ducts in the anterior segment (short arrow) are observed on MRCP of patient 2 (e). Macroscopic examination of patient
2’s operative specimens shows a tumor in segment 6 (long arrow) and dilatation of the bile ducts (short arrow) (f). Preoperative CT of patient 3
(g) showed tumor lesions in the bile ducts of scgment 4 (B4; arrow), while MRCP (h) shows dilatation in the peripheral and proximal bile ducts in
segment 4 (arrows). Macroscopic examination of patient 3’s operative specimens (i) showing a tumorous lesion in the proximal side of B4 (arrow)

(Fig. 3b). In the peripheral parts of B, a mixture of atypical
epithelium with the same form as the main tumor and atypical
epithelium with a different form (Fig. 3¢,d) were observed.
BilIN-3 lesions were observed in the hepatic duct, which
was stenotic on the preoperative diagnostic imaging (Fig. 3g).
Chronic bile duct injuries were observed in the bile ducts of
the anterior segment and hepatic duct that corresponded to
the stricture and dilatation of the bile duct on preoperative
diagnostic imaging (Fig. 3h).

Patient 12

Preoperative CT showed tumors in the bile ducts in segment 4
(B4), MRCP showed dilatation in the peripheral and proximal
sides of B4 (Fig. 1g,h). The macroscopic findings of the oper-
ative specimens showed a tumorous lesion on the proximal
side of B4 (Fig. 1i) that was further identified as a papillary
adenocarcinoma with intraductal growth (intrductal growth
type). Histopathologically, the carcinoma cells showed

acidophilic cytoplasm, and the tumor was classified as an
oncocylic type invasive IPNB (Fig. 4a,b). The tumor invaded
outside the wall and the atypical epithelium spread to the
proximal side of the bile ducts in segment 2 (B2), correspond-
ing to the bile duct dilatation seen on the preoperative diag-
nostic imaging (Fig. 4e,f). Moreover, IPNB lesions differed
from the main tumor observed in the peripheral portions of
B4 and B3 (Fig. 4c,d). BilIN-2/3 lesions with gastric metapla-
sia were observed throughout the bile ducts (Fig. 4gh).
Chronic bile duct injuries were detected in various sites of
the bile ducts, although these ducts appeared normal on preop-
erative diagnostic imaging.

Immunohistochemical analysis

In three patients (patients no. 10-12), positive expressions of
YH2AX and S100P were detected in almost all portions of the
invasive carcinoma, BilIN-2/3, and IPNB (Fig. 5a—f, Table 2)
in the large bile ducts. Weakly positive expression was also



I Hepatobiliary Pancreat Sci (2016) 23:92—101 97

@Invasive carcinoma
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@Chronicbile ductinjury

B3

Fig.2 Mapping chart of the atypical epithelium of patient 10. (a) hematoxylin and eosin (HE) staining (x200). In the peripheral parts of segment 7 (B7),
biliary intraepithelial neoplasia (BilIN)-2/3 lesions with different morphology from that of the main tumor are observed. (b) HE staining (x40) and (c)
HE staining (x100). Papillary proliferating oncocytic invasive intraductal papillary neoplasm of the bile duct (IPNB) with mucus production is observed
in the dilated B7. (d) HE staining (x200). BilIN-2/3 lesions are observed throughout the entire bile ducts that did not present as abnormal on preoperative
imaging, and gastric metaplasia occurred in many areas. (e) HE staining (x40). IPNB without invasion was observed in the peripheral parts of segment 2
that showed regional dilatation of the bile ducts on preoperative imaging

@Invasive carcinoma
@BilIN

@IPNB
@Chronichile duct injury

Fig. 3 Mapping chart of the atypical epithelium of patient 11. (a) hematoxylin and eosin (HE) staining (x200). Papillary adenocarcinoma invading the
bile ducts in the posterior segment. (b) HE staining (x200). In the peripheral portions of the bile ducts in segments 6 and 7 (B6 and B7), biliary
intraepithelial neoplasia (BillN)-3 lesions with gastric metaplasia are visible. (e,d) HE staining (x200). In the peripheral portions of B6, a mixture of
atypical epithelium with the same form as the main tumor (¢) and atypical epithelium with a different form (d). (e) HE staining (x40) and (f) HE staining
(x200). An oncocytic type papillary adenocarcinoma with extramural invasion and periductal infiltration to the posterior branch is visible. (g) HE slain-
ing (x200). BilIN-3 lesions are observed in the hepatic duct that was seen as stenosis of the bile duct on the preoperative image. (h) HE staining (x100).
Chronic bile duct injury is observed in the bile duets in the anterior segment and common hepatic duct that were seen as strictures and dilatation of the
bile duct on preoperative diagnostic imaging
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@Invasive carcinoma
@BilIN

@IPNB

@ Chronicbile duct injury

Fig. 4 Mapping chart of atypical epithelium in patient 12. (a) hematoxylin and eosin (HE) staining (x40). (b) HE staining (x100). The main lesion in
segment 4 (B4) was a papillary adenocarcinoma growing in the bile duct. The tumor cells had eosinophil granules, and the tumor was diagnosed as an
oncocylic type intraductal papillary neoplasm of the bile duct (IPNB) with invasion. There were findings of partial invasion outside the wall. (c,d) HE
staining (x 100). IPNB with a different forin from that of the main tumor was observed in the periphery of B4 (¢) and the proximal side of segment 3 (d).
(e) HE staining (x40). (f) HE staining (x200). The main tumor invaded the proximal side of segment 2 that was observed as biliary dilatation on the
preoperative imaging. (g,h) HE staining (x200). Biliary intraepithelial neoplasia-2/3 lesions with gastric metaplasia are visible throughout the entire ex-
cised specimen

Non-neoplasticbile duct
R Eaes |

5100P

Fig. 5 Immunohistochemical analysis. (a-h) (x200). Tmmunohistochemical expressions of YH2AX and S100P in invasive carcinoma, biliary
intraepithelial neoplasia-2/3, [PNB, and peribiliary gland. (i.j) (x200). In chronically injured areas of the bile duct, although S100P expression is rela-
tively weak or absent, YH2AX expression is observed, similar to that in the neoplastic epithelium

Table 2 Immunohistochemical analysis of three patients

Enzyme Patients Invasive carcinoma BilIN-2/3 IPNB Peribiliary gland Non-neoplastic bile duct
yH2AX 10 ++ ++ ++ + +

11 ++ ++ ++ ++ +

12 ++ ++ ++ + ND
S100P 10 ++ ++ ++ + =

1 ++ ++ ++ + =

12 ++ ++ ++ + ND

BilIN biliary intracpithelial neoplasia, /PNB intraductal papillary neoplasm of the bile duct, ND not determined because there was not non-neoplastic
epithelium in large bile ducts.
—, negative expression; -+, positive expression but not exceeding 20%; ++, positive expression more than 20%
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seen at the peribiliary glands (Fig. 5gh). In two patients
(patients no. 10 and 11) who could evaluated for non-neoplastic
biliary epithelium, although YH2AX expression was also de-
tected within the non-neoplastic biliary epithelium similar to
BilIN, IPNB, and invasive carcinoma, SIQ0P expression was
absent or relatively weak in non-neoplastic epithelium
(Fig. 5ij). The specific expression of neither yH2AX nor
S100P was detected in the hepatocytes of any of these patients.

Discussion

The findings obtained in this study of the 16 patients of
occupational cholangiocarcinoma are summarized as
follows: (1) A spectrum of pathological changes such as
chronic bile duct injury and early neoplastic and pre-invasive
lesions such as BillN and/or IPNB and invasive cholangio-
carcinoma was observed in the biliary tree in all 16 patients.
Such pathological findings were observed in almost all of
the large bile ducts with or without sclerotic changes through
extensive pathological observation while referring to biliary
imaging in three patients. (2) This spectrum of biliary tract
lesions reflected biliary tract images such as PSC-like
changes including regional bile duct dilatation without
tumor-induced obstruction in these patients. (3) Aberrant
expression of S100P was seen in pre-invasive neoplastic
lesions in addition to invasive cholangiocarcinoma, and
DNA damage was even found in chronic bile duct injuries
in addition to neoplastic biliary lesions.

BilIN and IPNB are currently regarded as precancerous or
early cancerous lesions as per the World Health Organiza-
tion’s classifications of cholangiocarcinoma [9], and are
considered to be involved in the multistep carcinogenesis of
cholangiocarcinoma in patients with hepatolithiasis [11-13].
Papillary or invasive carcinoma, precancerous or early cancer-
ous lesions such as BillN and IPNB, and non-specific bile
duct injuries such as fibrosis are reportedly pathological
characteristics of occupational cholangiocarcinoma [1, 3, 71.
In a previous study [11], BilIN-2/3 was observed in nine of
19 patients with cholangiocarcinoma associated with hepato-
lithiasis, and IPNB was observed in 10 of the 19 patients. In
addition, BilIN-2/3 was observed in 24 of 55 patients with
hepatolithiasis without cholangiocarcinoma, and IPNB was
observed in nine of 55 of these patients. Such lesions were
observed in the large bile ducts containing stones and in the
adjacent bile ducts [11]. Multistep carcinogenesis from BillN
was also suggested in PSC [14]. Lewis et al. reported that
BilIN-2/3 lesions were observed in 50% of patients with
end-stage PSC who underwent liver transplantation [15]. In
this study, BilIN lesions were observed in all 16 patients,
whereas occupational cholangiocarcinoma and IPNB or
invasive IPNB were observed in 11 of the 16 patients;
however, it was difficult to examine pathological findings

because of the presence of insufficient materials from three
patients (patients no. 3, 6, and 16). In addition, BillN and
IPNB were observed in almost all of the large bile ducts in
the whole liver obtained by autopsy (patients no. 13) as well
as the whole resected liver (patients no. 10-12). Thus, the
high frequency of BilIN and/or IPNB and the wide distribu-
tion of such lesions were characteristic of the patients with
occupational cholangiocarcinoma in comparison with patients
with hepatolithiasis or PSC.

Intrahepatic cholangiocarcinomas in patients 10 and 12
were classified as intraductal growth type and the carcinoma
in patient 11 was classified as a mass-forming type.
Intrahepatic cholangiocarcinoma is classified into the perihilar
large bile duct type and the peripheral small bile duct type
[16, 17]. In the perihilar large bile duct type, chronic biliary
inflammation caused by PSC, hepatolithiasis, and liver flukes
may induce BilIN followed by periductal infiltrating carci-
noma as well as the mass-forming type cholangiocarcinoma
and TPNB followed by intraductal papillary tumor growth
(intraductal growth type cholangiocarcinoma and invasive
IPNB). In this study, BilIN was observed in all 16 patients
and IPNB was observed in 11 of the 16 patients, which
indicates that the patients with occupational cholangiocarcinoma
could either follow the BilIN or IPNB pathway. The extensive
pathological examination in three patients (patients no. 10-12)
showed that although the three patients had the potential for fol-
lowing either of these pathways, the carcinogenic process in the
pathway involving BillN was primarily followed in patient 11,
whereas the carcinogenic process in the pathway involving
IPNB was primarily followed in patients 10 and 12,

SI100P is a 95-amino-acid protein that has been shown to
mediate tumor growth, metastasis, and invasion through the
binding of Ca®" ions and receptors for advanced glycation
end products [18]. Increased ST100P levels have been observed
in carcinoma of the pancreas, biliary tract, lung, breast, and
ovary [19]. In addition, the previous reports showed that
S100P was aberrantly expressed in perihilar cholangiocarci-
noma [20-22], and that it was detected in BilIN-2/3 as well
as invasive carcinoma in patients with hepatolithiasis
[21, 22]. In this study, S100P was aberrantly and strongly pos-
itive in BilIN-2/3 lesions and IPNB, while invasive carcinoma
was also positive to S100P. However, in the non-neoplastic ep-
ithelium expressing YH2AX (see below), SI00P expression
was relatively weak or absent.

One of the earliest steps in the cellular response to DNA
double-strand breaks is the phosphorylation of histone
H2AX at serine 139, the y-phosphorylation site, which results
in yH2AX [23]. On immunohistochemical analyses, YH2AX
was highly expressed in many premalignant lesions, cancer
cells, and solid tumors [24-28]. In our previous study,
YH2AX expression was observed in the foci of BilIN, IPNB,
and/or invasive cholangiocarcinoma in seven of 16 patients
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with cholangiocarcinoma associated with hepatolithiasis [29].
In this study, YH2AX expression was observed in the foci of
BilIN, IPNB, and invasive carcinoma in all of the three
patients (patients no. 10-12) with occupational cholangiocar-
cinoma. In addition, in two patients (patients no. 10 and 11)
who could be evaluated for non-neoplastic biliary epithelium,
yH2AX expression was also detected within the non-
neoplastic biliary epithelium similar to BilIN, IPNB, and
invasive carcinoma. However, in non-neoplastic epithelium
positively expressing YH2AX, SI100P expression was absent
or relatively weak, indicating that precancerous or cancerous
lesions developed in the bile ducts affected by DNA injury.
In addition, one previous study reported that non-neoplastic
biliary epithelial cells of the large bile duct and peribiliary
glands were negative for yH2AX in patients with cholangio-
carcinoma associated with hepatolithiasis [29]. The findings
in the present study and previous study [29] indicate that
DCP or its metabolites might induce DNA damage and
neoplastic changes in almost all of the large bile ducts, and
that the frequent expression of yH2AX is another characteris-
tic of occupational cholangiocarcinoma, in comparison with
cholangiocarcinoima associated with hepatolithiasis.

In this study, the biliary tree was extensively examined by
using several histological sections from whole liver specimens
and through the use of biliary tract images. We observed that
the regional dilatation of intrahepatic bile ducts as well as bile
duct sclerosis with or without multiple strictures similar to
PSC corresponded to invasive cholangiocarcinoma, including
papillary adenocarcinoma (invasive JPNB), precancerous or
early cancerous lesions such as BilIN and IPNB, and chronic
bile duct injury with fibrosis. In patients 10 and 11, a PSC-like
appearance on the diagnostic images and changes in laboratory
test results were observed several years before the diagnosis of
cholangiocarcinoma was made [7]. Thus, the identification of
such changes on diagnostic imaging can be useful for screening
and surveillance for occupational cholangiocarcinoma [30].

It appears plausible that chlorinated organic solvents (DCP
and DCM) or their products induce chronic bile duct injury
with DNA damage, gradually followed by precancerous
lesions and invasive carcinoma—this is indicative of the
multistep carcinogenesis process in occupational cholangiocar-
cinoma. The wide distribution of biliary epithelium with DNA
injury and pre- or early cancerous lesions expressing S100P
indicates that the various sites of the bile ducts of patients
exposed to chlorinated organic solvents have malignant poten-
tial, and may eventually develop multifocal carcinogenesis.
Although studies concerning occupational cholangiocarcinoma
are rare because the number of patients with occupational chol-
angiocarcinoma is very small and the materials for the studies
including resected specimens are limited, further analyses are
necessary to understand the detailed mechanism of the
development of occupational cholangiocarcinoma.

In conclusion, extensive pathological observation of the
biliary tree of the surgically resected livers of patients with
occupational cholangiocarcinoma showed a unigue spectrum
of biliary lesions including chronic bile duct injury, prolifera-
tive changes, pre-invasive neoplastic lesions, and invasive
cholangiocarcinoma, which reflects the regional dilatation of
the intrahepatic bile ducts and PSC-like changes seen on
biliary tract imaging. Furthermore, a carcinogenic process
consisting of chronic bile duct injury with DNA damage that
occurred within almost all of the large bile ducts, the induction
of pre- or early cancerous lesions such as BilIN and IPNB, and
the development of invasive carcinoma is proposed. More
studies are mandatory to evaluate the chronic biliary and
DNA damage as well as the progression to neoplastic lesions.
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Abstract

Background: Since seventeen employees of an offset printing company in Osaka, Japan developed
cholangiocarcinoma it has become recognized as an occupational cancer. This study investigated the differences
of clinical features between occupational cholangiocarcinoma and sporadic young-onset cholangiocarcinoma.
Materials and Methods: Thirty-four young adults (<50 years old) with sporadic cholangiocarcinoma were
extracted from the Rosai Hospital Group database (sporadic group) and their clinical features were compared
with those of 17 patients with occupational cholangiocarcinoma (occupational group). Results: The 34 patients
in the sporadic group were treated for cholangiocarcinoma at 16 different Rosai hospitals. There were significant
differences of age (p<0.01), gender (p<0.01), abnormal laboratory tests (p<0.01), and tumor location (p<0.01)
between the two groups. The percentage of patients with abnormal laboratory tests was significantly higher
in the occupational group than in the sporadic group (p<0.001). Regional dilation of bile ducts, which is a
characteristic of occupational cholangiocarcinoma, was not observed in the sporadic group. Conclusions: No
cluster of cholangiocarcinoma cases was identified in the Rosai Hospital database. There were differences of
clinical features between occupational and sporadic cholangiocarcinoma, which might be helpful for diagnosing

occupational cholangiocarcinoma in the future.
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Introduction

Recently, a cluster of cholangiocarcinoma cases was
reported among relatively young workers in the offset
color proof printing department of a printing company
in Osaka, Japan (Kumagai et al., 2013; Kubo et al.,
2014). In 2013, this type of cholangiocarcinoma was
recognized as an occupational disease by the Japanese
Ministry of Health, Labour and Welfare (Ministry of
Health, Labour and Welfare, 2013). At the printing
company in question, large amounts of dichloromethane
(DCM) and 1,2-dichloropropane (DCP) were used in
the printing process and the workers were exposed
to high concentrations of these chlorinated organic
solvents (Kumagai et al., 2013; National Institute
of Occupational Safety and Health. 2012). From the
estimated concentrations of DCP and DCM to which the
workers were exposed and assessment of genotoxicity
(Suzuki et al., 2014; Yamada et al., 2014), it was
concluded that long-term exposure to high concentrations
of DCP caused the development of cholangiocarcinoma.
Although there is no definite evidence of carcinogenicity
for DCM, it might also play a role in the development of
cholangiocarcinoma (Yamada et al., 2015). Because of this

event, the International Agency for Research on Cancer
(IARC) upgraded the carcinogenicity of dichloromethane
from Group 2B (possibly carcinogenic to humans) to
Group 2A (probably carcinogenic to humans) and that of
1,2-dichloropropane from Group 3 (not classifiable as to
carcinogenicity for humans) to Group 1 (carcinogenic to
humans) in 2014 (Benbrahim et al., 2014).

The patients with occupational cholangiocarcinoma
at the printing company were typically relatively young
male workers with high serum levels of y -glutamyl
transpeptidase (y -GTP) and regional dilatation of the
intrahepatic bile ducts without obstruction by the tumor.
In these patients, the primary cancer arose from a large
bile duct (common hepatic duct, left or right hepatic ducts,
or the first to third branches of the intrahepatic bile ducts)
and they had co-existing precancerous lesions such as
biliary intraepithelial neoplasia (BilIN) and intraductal
neoplasms of the bile ducts (Kubo et al., 2014). These
characteristics seemed to be different from the typical
features of cholangiocarcinoma.

Up to October 30, 2014, 34 patients in Japan were
recognized to have occupational cholangiocarcinoma by
the Ministry of Health, Labour and Welfare. Therefore,
it is important to determine whether occupational

1Department of Gastroenterology, Japan Labour Health and Welfare Organization Kanto Rosai Hospital, *Department of Hepato-
Biliary-Pancreatic Surgery, Graduate School of Medicine Osaka City University, Osaka, Japan *For correspondence: rena@

kantoh.rofuku.go jp

Asian Pacific Journal of Cancer Prevention, Vol 16,2015 7195



Rena Kaneko et al

cholangiocarcinoma is widespread in Japan and if there
is any doubt about the occupational etiology.

The Rosai Hospitals comprise 34 hospitals located
throughout Japan from Hokkaido to Kyushu that treat
patients with or without occupational diseases. At these
hospitals, the occupational history of each patient is noted
in the medical records, with the three previous occupations
being registered in the database at the time of admission,
This is a unique feature of the database for the Rosai
hospitals (Rosai database).

The present study was performed to investigate the
differences of clinical features between patients who
developed occupational cholangiocarcinoma at the
printing company in Osaka and young-onset patients
with sporadic cholangiocarcinoma treated at the Rosai
hospitals nationwide.

Materials and Methods

Cholangiocarcinoma is defined as young-onset
cholangiocarcinoma if it develops in patients under 50
years old

A total of 34 patients with young-onset
cholangiocarcinoma were extracted from the Rosai
database by using keywords from the International
Classification of Disease (9™ and 10" edition), which
were intrahepatic bile duct, extrahepatic bile duct, and
biliary tract and parts unknown [ICD9:1551 (intrahepatic
cholangiocarcinoma), ICD9:1561 (extrahepatic
cholangiocarcinoma), ICD9:1569 (part undetectable);
ICD10: C221 (intrahepatic cholangiocarcinoma),ICD10:
240 (extrahepatic cholangiocarcinoma), ICD10: C249
(part undetectable)]. The Rosai database contains 5.27
million medical records from April 1, 1984 to May 31,
2014, among which 2,79 million records include data
on the occupational history. Cholangiocarcinoma was

diagnosed in 7717 patients (including 5910 patients with
occupational data) and 265 of them were under 50 years
old (including 205 with occupational data).

Detailed medical records, including laboratory data
and diagnostic imaging findings, were only available for
34 of the young patients. These 34 patients were employed
in this study.

Exposure of the patients to DCM and/or DCP was
estimated by using the Pollutant Release and Transfer
Register (Ministry of Economy., 2014), indicating that
five of the 34 patients had possible to exposure to DCM
and/or DCP.

In this study, the 17 patients with occupational
cholangiocarcinoma from the Osaka printing company
were classified as the occupational group and the 34
patients with young-onset cholangiocarcinoma identified
in the Rosai database formed the sporadic group.

We compared clinical features between the
occupational group and the sporadic group, including
lifestyle factors such as smoking and drinking (habitual
drinking with an ethanol intake of 80g / day or more),
laboratory data such as y-GTP, carbohydrate antigen
(CA) 19-9, and carcinoembryonic antigen (CEA), serum
markers of hepatitis B and C virus, known risk factors
for cholangiocarcinoma, diagnostic imaging findings
(computed tomography, magnetic resonance imaging,
endoscopic retrograde cholangiopancreatography, and
magnetic resonance cholangiopancreatography), tumor
location (intrahepatic or extrahepatic), and histological
findings. We also compared clinical features between the
occupational group and the 5 patients from the sporadic
group with possible exposure to DCM and/or DCP
(possible exposure group).

The diagnosis of cholangiocarcinoma was re-evaluated
by a gastroenterologist from Kanto Rosai Hospital, who
reviewed the medical records and imaging findings. Tumor

Table 1. Comparison of Characteristics between the Occupational Group and the Sporadic Group

Occupational group (n =17) Sporadic group (n =34) P value

Age (years, mean) 25-45 (36) 23-49 (44) 0.009%*
Gender (M:F) 17:0 23:11 0.009%*
Alcohol abuse 3 14 0.12
Smoking 13 19 022
Symptoms 5 21 0.029*
Abnormal laboratory tests 12 4 0.001>%*
Elevated y-GTP 17 14(16) 0.23
Elevated CEA 10 5(14) 0.2
Elevated CA 19-9 13 9(16) 0.28
Tumor location 0.008*

Intrahepatic 10 7

Extrahepatic 5 25

Intra and Extrahepatic 2 0

Unknown 0 2
Tumor stage 0.07

I-IIT 2 9

IVA and IVB 15 12

Unknown 0 13
Treatment 0.5

Surgery 12 12

Chemotherapy and/or radiation 5 8

*Elevation of y-GTP, CA19-9, CEA indicates the number of patients with enzymes elevated at, the first admission. y-GTP, y-glutamyl transpeptidase;
CA19-9, carbohydrate antigen19-9; CEA, carcinoembryonic antigen, Symptoms indicate the number of patients with complaints at the onset (abdominal
pain, jaundice, pruritus, and anorexia), Abnormal laboratory tests shows the number of patients with abnormal test results.
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location was classified according to the ‘General Rules for
Clinical and Pathological Studies on Cancer of the Biliary
Tract (6™ Edition). Tumors arising in a bile duct peripheral
to the secondary branches were classified as intrahepatic
cholangiocarcinoma, while tumors that developed in
the so-called perihilar or distal sites were classified as
extrahepatic cholangiocarcinoma. Pathological findings
were recorded and described according to the World
Health Organization classification of intrahepatic and
extrahepatic cholangiocarcinoma (Bosman et al., 2010).

The 2 test or Fisher’s exact test was used to evaluate
significance of differences in categorical data between
the groups. Statistical analysis was performed with Stata
VER13 (Stata Corp. Texas, USA).

This study was approved by the ethics committee of
Japan Labour Health and Welfare Organization Kanto
Rosai Hospital.

Results

Clinical features of the sporadic group

The 34 patients with cholangiocarcinoma were treated
at 16 different Rosai hospitals. Therefore, a cluster of
young-onset cholangiocarcinoma was not found in the
Rosai database accumulated from hospitals distributed
throughout Japan.

In the sporadic group, 23 patients were male and
11 were female. The chief presenting complaint was
abdominal pain in 11 patients, jaundice in 7, pruritus
in 2, and anorexia in 1. Four patients presented to
hospital because of abnormal laboratory test results. In
the remaining 9 patients, the chief complaint was not
specified. Two patients were positive for serum HBs
antigen. Known risk factors for cholangiocarcinoma,
such as primary sclerosing cholangitis, hepatolithiasis,
pancreaticobiliary maljunction, or liver fluke infection,
were not observed in the sporadic group.

The clinical stage at the time of diagnosis was stage
1 in 2 patients, stage 2 in 4, stage 3 in 3, stage 4A in 4,
and stage 4B in 8. Detailed information about staging
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Figure 1. Comparison of Laboratory Data At Diagnosis.
v-GTP, y-glutamyl transpeptidase; CA19-9,
carbohydrate antigen19-9; CEA, carcinoembryonic
antigen. Three abnormal outliers in the sporadic
group were not incorporated in the main plot
(CA19-9, 216394 U/ml; CEA, 8832 ng/mg; CEA,
2530 ng/mg). Although y-GTP levels were higher
in the occupational group, there were no significant
differences
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was not available for the other 13 patients. Seven patients
had intrahepatic cholangiocarcinoma and 25 patients had
extrahepatic cholangiocarcinoma, while the location of the
primary tumor was unknown in 2 patients.

Surgical treatment was performed in 12 patients
(pancreaticoduodenectomy in 8, right lobectomy in 1,
and unknown operative procedure in 3). Seven patients
underwent chemotherapy (tegafur-gimeracil-oteracil
potassium in 3, gemcitabin in 2, cisplatin in 1, and intra-
arterial fluorouracil in 1). The histologic diagnosis was
adenocarcinoma in 26 patients, while the histology was
unknown in the other 8 patients.

Comparison between the occupational group and the
sporadic group.

Table 1 shows a comparison of clinical features
between the occupational group and the sporadic
group. The mean age was significantly younger in the
occupational group than the sporadic group (p<0.01). All
patients in the occupational group were male, while 23

Table 2. Comparison of Characteristics between the
Occupational Group and the Possible Exposure Group

Occupational Possible P value
group Exposure
(n=17) group
(n=35)
Age (years, mean) 25-45(36) 44-49 (46) 0.001**
Gender (M:F) 17:0 4:1 023
Symptoms ] 4 0.2
Tumor location 0.03*
Intrahepatic 10 0
Extrahepatic 5 5
Intra and Extrahepatic 2 0
Unknown 0 0
Tumor stage 0.009#*
I-1I 2 4
IVA and IVB 15 1
Unknown 0 0
Treatment 1
Surgery 12 4
Chemotherapy and/or radiation 5 1

Figure 2. Tumor Locations. The sites of the main tumors
are shown by open circles (occupational group) or by crosses
(sporadic group). Two patients with both intrahepatic and
extrahepatic tumors are not shown in the figure
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patients were male and 11 were female in the sporadic
group (p<0.01). With regard to lifestyle factors, there
was no statistical difference in the number of patients
with alcohol abuse or habitual smoking. Five patients in
the occupational group presented to hospital because of
symptoms, whereas 21 of 34 patients in the sporadic group
presented because of symptoms (p<0.05). Twelve patients
in the occupational group presented to hospital because
of abnormal laboratory test results (tests performed for
regular health checks in 11 patients and during treatment
for another disease in 1 patient). The proportion of patients
with symptoms was significantly higher in the sporadic
group than in the occupational group (p<0.05). Serum
v-GTP was elevated in all patients from the occupational
group, while it was elevated in 14 out of 16 patients tested
in the sporadic group. The proportion of patients with
elevation of CEA and CA 19-9 did not differ between the
groups. Although there were no significant differences
of y-GTP, CA19-9, and CEA levels between the two
groups, there was a trend for y-GTP to be higher in the
occupational group (Figure 1). On diagnostic imaging,
regional bile duct dilatation without tumor obstruction
was not observed in the sporadic group, unlike the
occupational group.

In the occupational group, 15 patients had stage
IV cholangiocarcinoma, while the carcinoma was
classified as stage IV in 12 of 21 patients with data
from the sporadic group. In the occupational group,
10 patients had intrahepatic cholangiocarcinoma,
5 had extrahepatic cholangiocarcinoma, and 2 had
both intrahepatic and extrahepatic tumors (Figure 2).
Most of the extrahepatic tumors were classified as so-
called perihilar cholangiocarcinoma. In 13 of the 27
patients with extrahepatic cholangiocarcinoma from
the sporadic group, the tumor was classified as distal
cholangiocarcinoma. The proportion of intrahepatic
cholangiocarcinoma was significantly higher in the
occupational group than in the sporadic group (p <0.05).
Eleven patients in the occupational group underwent
hepatectomy and 1 underwent hepatectomy combined
with pancreaticoduodenectomy. The proportion of patients
undergoing hepatectomy was significantly higher in the
occupational group than in the sporadic group (p<0.01).

Comparison between the occupational group and the
sporadic group

Table 2 shows a comparison of clinical features
between the 17 patients in the occupational group and five
patients in the possible exposure group (a subgroup of the
sporadic group). The mean age was significantly younger
in the occupational group than the possible exposure
group (p<0.01). In the possible exposure group, 4 patients
were male and 1 was female. Although 5 of 17 patients in
the occupational group presented to hospital because of
symptoms, 4 patients visited hospital because of symptoms
in the possible exposure group (jaundice, pruritus, and
anorexia). Little data on y-GTP, CEA, and CA19-9 levels
was obtained from the medical records, so statistical
analysis was not performed. All patients in the possible
exposure group had extrahepatic cholangiocarcinoma,
unlike the occupational group (p<0.05). In the possible
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exposure group, tumor stages were lower than in the
occupational group.

Discussion

This study showed that there was no regional clustering
of young-onset cholangiocarcinoma in the Rosai database
for 16 hospitals around Japan. A previous study based on
data from the Osaka Cancer Registry revealed that there
was neither a change in trend nor regional clustering
of cholangiocarcinoma in Osaka (Ikeda et al., 2013). It
was also reported that the cluster of cholangiocarcinoma
cases detected in Osaka may not be reproduced in the
printing industry nationwide from analysis of the Japan
Health Insurance Association claims database (Okamoto
et al., 2013). Thus, the occurrence of occupational
cholangiocarcinoma among workers of the Osaka
company was not indicative of a wider problem.

This study also identified some differences of
clinical features between occupational and sporadic
cholangiocarcinoma. It is known that cholangiocarcinoma
usually occurs in patients in their 60s-70s, while the
patients with occupational cholangiocarcinoma were
under 50 years old. When patients under 50 years old
were extracted from the Rosai database for the sporadic
group, the mean age of the occupational group was still
significantly lower. Thus, the 17 patients with occupational
cholangiocarcinoma were extremely young compared
with patients developing sporadic cholangiocarcinoma. In
addition, the proportion of male patients was significantly
higher in the occupational group than in the sporadic
group. In the relevant section of the printing company,
most employees were young men and their for 6 to 19
years induced cholangiocarcinoma (Kubo et al., 2014).
Thus, the gender difference between the occupational
and sporadic groups is considered to reflect the low ratio
of female workers exposed to organic solvents at the
printing company.

The proportion of patients with symptoms was higherin
the sporadic group than in the occupational group, whereas
the proportion of patients with abnormal laboratory test
results identified during regular health checks was higher
in the occupational group. In some patients from the
occupational group, elevation of the serum concentrations
of y-GTP, aspartate aminotransferase, and alanine
aminotransferase was observed several years before the
detection of cholangiocarcinoma (Kumagai et al., 2014;
Kubo et al., 2014). These findings indicate that patients
in the sporadic group generally presented to hospital after
the onset of symptoms and that regular health checks are
important for detecting occupational cholangiocarcinoma.

Although cholangiocarcinoma can develop at any
site in the bile duct, more than 60 % are extrahepatic
and only a small percentage of these tumors arise in
the intrahepatic bile ducts (Razumilava et al., 2014).
While these trends were seen in the sporadic group,
many of the tumors developed in the large intrahepatic
bile ducts in the occupational group. As a result, the
proportion of patients who underwent hepatectomy was
higher in the occupational group than in the sporadic
group, while the proportion of patients undergoing
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pancreaticoduodenectomy was higher in the sporadic
group.

The characteristic findings in patients with occupational
cholangiocarcinoma include regional dilatation of the
intrahepatic bile ducts related to chronic bile duct injury,
precancerous lesions including biliary intraepithelial
neoplasia, and early cancerous lesions (Kancko et al.,
2014; Kubo et al., 2014; Sato et al., 2014; Suzuki et
al., 2014; Tomimaru et al., 2015). In contrast, regional
dilatation of the intrahepatic bile ducts was not observed
by diagnostic imaging in the sporadic group. Thus, the
process of carcinogenesis seems to differ between the
occupational group and the sporadic group.

The differences that we identified between the
occupational group and the possible exposure group
were similar to those between the occupational group
and the sporadic group. Although there is no detailed
information about exposure to organic solvents in the
possible exposure group, the extent of exposure might
be lower in this group than in the occupational group.
Occupational cholangiocarcinoma develops after long-
term exposure to high concentrations of organic solvents.
It is important to know the occupational history (including
exposure to organic solvents) and the detailed clinical
features of patients with cholangiocarcinoma because
this information is useful for diagnosing occupational
cholangiocarcinoma.

The present study identified some differences of
clinical data between the occupational and the sporadic
group, but evaluation was limited by the small number
of young adult patients with cholangiocarcinoma. In fact,
sufficient data were available for only 34 patients with
sporadic young-onset cholangiocarcinoma, accounting
for a mere 0.4% of all cholangiocarcinoma patients in
the Rosai database. Therefore, the influence of selection
bias cannot be ruled out. An unexpected finding was that
clinical data did not include the occupational history in
many cases. This may be due to technical problems such
as different methods of data processing by each member
of the Rosai Hospital group. In addition, availability of
medical records is limited to five years in compliance with
the law, Therefore, further improvements are necessary to
allow studies to be performed with more precision.

In conclusion, this study showed that the cluster
of occupational cholangiocarcinoma in Osaka was
an isolated event and that there are differences of
clinical features between occupational and sporadic
cholangiocarcinoma. These findings might be helpful for
diagnosing occupational cholangiocarcinoma in the future,
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Known etiological factors for cholangiocarcinoma include
hepatolithiasis, primary sclerosing cholangitis, pancreati-
cobiliary maljunction, and liver flukes such as Opisthorchis
viverrini and Clonorchis sinensis. Recently, we have
reported relatively young workers with cholangiocarcinoma
who were exposed to extremely high concentrations of 1,2-
dichloropropane (DCP) and/or dichloromethane (DCM) for
a long-term period [1-3]. These chlorinated organic sol-
vents were used to clean ink residue in the offset proof-
printing process. The cholangiocarcinoma in such workers
was recognized as an occupational disease (occupational
cholangiocarcinoma) by the Japanese Ministry of Health,
Labour and Welfare on 1 October 2013 [4].

Humans are infected with liver flukes by ingesting the
metacercariae in raw, fermented and/or partially cooked
freshwater fish such as carp [5]. In northwest Thailand,
there is a high incidence of cholangiocarcinoma due to
Opisthorchis viverrini caused by infections from the con-
sumption of raw freshwater fish such as genera Puntius,
Cyclocheilichthys and Hampala. Tn Japan, Clonorchis
sinensis were occasionally found in patients with biliary
diseases many years ago in a limited area where people
commonly ate raw freshwater fish. Usually, Japanese people
eal raw fish from the sea, but not raw freshwater fish, The
number of patients infected with Clonorchis sinensis has
been dramatically decreased due to the improvements in
health supervision and the decrease in the number of shell-
fish (Bithvnia sp) serving as a first infermediate host.

So tar, only 12 patients with cholangiocarcinoma associ-
ated with liver flukes have been reported in Japan. All of
these patients were older than 50 years old (10 patients were
older than 60 years old) and liver flukes were found in the
bile or the resected specimens in all patients. The 17 patients
in our previous first report [2] and the eight of nine patients

S. Kubo (<)

Department of Hepato-Biliary-Pancreatic Surgery, Osaka City Uni-
versity Graduate School of Medicine, 1-4-3 Asahimachi, Abeno-ku,
Osaka 545-8585, Japan

e-mail: m7696493 @ msic.med.osaka-cu.ac.jp

in our second report [3] were younger than 50 years (one
patient was 57 years old). Liver flukes were not detected in
the bile, the resected specimen or the feces in any of the 26
patients. On diagnostic imaging, regional dilatation of the
intrahepatic bile ducts without tumor-induced obstruction,
like primary sclerosing cholangitis, was found to be a char-
acteristic of patients with occupational cholangiocarcinoma
[2, 3]. However, such findings have not been reported in
cholangiocarcinoma patients with Clonorchis sinensis. As a
result, the liver fluke infection could not be considered to
have been the cause of the cholangiocarcinoma in the 26
previously reported patients [2, 3].

Recently, the International Agency for Research on
Cancer assessed the carcinogenicity of DCP and DCM, and
decided that DCP should be classified as carcinogenic to
humans (group 1) on the basis of sufficient evidence in
humans that exposure to DCP causes cholangiocarcinoma
(biliary tract cancer), including our report [2]. DCM was
classified as probably carcinogenic to humans (Group 2A)
on the basis of limited evidence [6]. The epidemiologic
relationship between chlorinated organic solvents and the
development of cholangiocarcinoma has not been clarified.
A large cohort set-up for four Nordic countries (Finland,
Iceland, Norway, and Sweden) over a period of 45 years
showed an increased risk of cholangiocarcinoma among
individuals employed at the printing companies, although
the study included various types of workers, such as typog-
raphers, printers, lithographers and bookbinders [7]. The
results showed that the increased risk of cholangio-
carcinoma among workers in the printing company in Osaka
possibly extends beyond the specific company and country.
It is therefore important to recognize that chlorinated
organic solvents have possible carcinogenic effects, includ-
ing the potential of development of cholangiocarcinoma.
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Abstract: Severe acute hepatitis in a printing
company worker: A case study: Shoji Kuso, et al.
Department of Hepato-Biliary-Pancreatic Surgery,
Osaka City University Graduate School of Medi-
cine—Objectives: It has been reported that chlorinated
organic solvent is a cause of hepatitis. Methods: we
investigate clinical and pathological findings of a patient
with severe acute hepatitis who was exposed to chlori-
nated organic solvents. Results: A 34-year-old man
who was exposed to chlorinated organic solvents includ-
ing dichloromethane, 1,2-dichloropropane, and trichlo-
roethylene, presented with general fatigue, vomiting,
and diarrhea. At admission, his laboratory test results
showed extremely elevated aspartate aminotransferase
(4,872 1U/1), alanine aminotransferase (3,000 [U/l), and
lactate dehydrogenase (11,600 [U/l) levels and a
prothrombin level below normal (41%). No encepha-
lopathy was noted. These findings were indicative of
severe acute hepatitis. Viral hepatitis, autoimmune
hepatitis, alcoholic disease, bile duct disease, and viral
infection were excluded as causes of hepatitis by clini-
cal, laboratory, and imaging findings. After diagnosis,
the patient was administered fresh frozen plasma and
glucagon-insulin therapy. Liver function recovered
within a few weeks, and a liver biopsy performed 25
days after admission showed the recovery phase after
acute liver damage. Conclusions: These clinical and
pathological findings indicate that exposure to chlori-
nated organic solvents may have induced severe acute
hepatitis in this patient.
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The toxicities of various chemicals, including
organic solvents, have been reporled, and methods
for protection and occupational exposure limits have
been established. Most organic solvents are mainly
absorbed into the body via inhalation, ingestion, and
the skin, and they often directly affect the eyes, skin,
and respiratory tract. Absorbed organic solvents are
toxic to the nervous system, liver, kidney, and heart"?.
Hepatic damage after cxposure to certain organic
solvents has been described™®. Here, we report a
case of severe acute hepatitis in a printing company
worker who was exposed to various chemicals, includ-
ing organic solvents such as 1,2-dichloropropane
(DCP), dichloromethane (DCM), and trichloroethylene
(TCE). This study was performed according lo the
Declaration of Helsinki (2008), and the patient provid-
ed written informed consent.

Case Report

The patient started work in an offset color proof-
printing department of a company in 1986. The pres-
ent building was constructed in 1991. The printing
room was located in the first basement floor of the
building, with a front room adjacent to the printing
room. The ventilation rates of these rooms were very
low because of the basement location and the low
capacity of the installed ventilation equipment. The
patient made printing plates in the front room. In the
process, he used high-purity TCE to remove stains
from glass plates for about one year just before devel-
oping severe acute hepatitis. The amount of TCE
he used per day was estimated to be 1-2 1 based on
his memory. Because no respiratory protection was
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provided, he have been exposed to high levels of
TCE.

In the printing room, proof-printing workers used
large amount of organic solvent cleaner to remove
ink residue from a rubber transcription roller. The
cleaners was a mixture of gasoline (50% by weight)
and 1,1,1-trichloroethane (50%) before 1989; it was
a mixture of DCP (50-60%), DCM (15-25%), and
1,1,1-trichloroethane (15-25%) from approximately
1985 to 1992-1993; and it was a mixture of DCP
(40-50%), DCM (40-50%) and petroleum hydrocar-
bons (1-10%) from 1992—1993 to March 1996; and it
was nearly pure DCP solvent (98%) from April 1996
to October 2006. Airborne solvent concentrations
in the printing room were estimated to be extremely
high, which was confirmed in an experiment conduct-
ed by the Japanese National Institute of Occupational
Safety and Health'®.

Furthermore, because the contaminated air of the
printing room flowed into the front room due to posi-
tive pressure in the printing room, the airborne solvent
concentrations were also estimated to have been high
in the front room. Consequently, the patient was also
exposed to these chemicals when working in the front
room. In addition to making printing plates, he also
supervised the progress of printing mainly in the front
room but frequently went into the printing room to
provide guidance and occasionally to conduct proof-
printing. When working in the printing room, he was
exposed to high levels of the abovementioned chlori-
nated organic solvents. Other chemicals such as kero-
sene and inks were also used in the department.

The patient (at 34 years of age) experienced general
fatigue, vomiting, and diarrhea and visited a hospi-
tal in December 1996. According to the period of
solvent use, he had been exposed to DCP and TCE
just before the onset of symptoms and to DCM within
1 year belore onset. He had drank 350 m/ of beer per
day during previous 10 years (<80 g of ethanol daily,
which is the lower limit for alcoholic liver disease'V)
and smoked 20 cigarettes/day during the previous
14 years. He had no history of blood transfusion,
sometimes took vitamins and aspirin for headaches,
and had a body mass index of 18.3.

Al admission, the patient was Ilucid with no abnor-
mal neurological system or respiratory tract findings.
The liver was palpable in the right infracostal region
at a two finger widths. No dermatitis was noted.
The laboratory test results at admission are shown in
Table 1. The aspartate aminotransferase (AST, 4,872
TU/1), alanine aminotransferase (ALT, 3,000 IU/D); and
lactate dehydrogenase (LDH, 11,160 IU/) levels were
markedly elevated, and the prothrombin test value was
41%. The concentrations of total bilirubin and direct
bilirubin were 1.2 mg/dl and 0.2 mg/dl, respectively.

J Occup Health, Vol. 57, 2015

Table 1. Laboratory test results at admission

Red blood cell (x10*/mm?) 448
Hemoglobin (g/d]) 13.6
White blood cell (fmm?) 6,800
Prothrombin test (%) 41
Aspartate aminotransferase (U/[) 4,872
Alanine aminotransferase (U/]) 3,000
Alkaline phosphatase (U/]) 140
Total bilirubin (mg/dl) 1.2
Direct bilimbin (mg/d/) 0.2
Lactate dehydrogenase (U/I) 11,160
y-Glutamyl transpeptidase® (U/l) 45
BUN? (mg/dl) 18
Creatine* (mg/dl) 0.6
Na* (mEq/ml) 137
K* (mEq/ml) 3.6
CI* (mEg/ml) 105
CRP (mg/dl) 1.9

*Tests performed the day after admission.

The serum alkaline phosphatase and y-glutamyl trans-
peptidase (y-GTP) levels were within the reference
range. Eosinophilia was not detected. The results for
hepatitis viral markers (IgM-HA antibody, hepatitis
B e antigen and antibody, hepatitis B surface anti-
gen and antibody, hepatitis B core antibody, hepafitis
B virus DNA polymerase, hepatitis C virus [HCV]
antibody, HCV RNA, hepatitis D virus antibody, and
GBV-C RNA) were negative. The patient was posi-
tive for cytomegalovirus IgG and Epstein-Barr (EB)
virus IgG antibody, but negative for cytomegalovirus
IgM antibody and EB virus IgM antibody, indicat-
ing previous infections with cytomegalovirus and
EB virus. Serum anti-nuclear antibody and lupus
erythematosus (LE) test results were negative. Serom
complement (CHS50; 50% hemolytic unit of comple-
ment), carcinoembryonic antigen, and carbohydrate
antigen 19-9 levels were within the reference ranges.
Ultrasonography and computed tomography showed
mild hepatomegaly but no abnormal findings in the
biliary system. From these findings, severe acute
hepatitis was diagnosed, and the patient was treated
with fresh frozen plasma and glucagon-insulin therapy.
Liver function recovered within a few weeks (Fig. 1).
A liver biopsy performed 25 days after admission
showed size inequality of hepatocytes and multinucle-
ar hepatocytes (Fig. 2). Many phagocytes were pres-
ent in the hepatic lobules, and mild lymphocytes infil-
tration and fatty droplets in a few hepatocytes were
seen. Fibrous expansion of portal areas and cholesta-
sis were not observed. These findings are indicative
of the recovery phase after acute liver damage. The



Shoji Kugo, et al.: Acute hepatitis in printing company worker

5000

4000 |

Units (IU/T)
[]
o
S

2000 ALT
1000 |
AST
0o — : * A
0 1 2 3 4

Weeks after admission

Fig. 1. Changes in alanine and aspartate aminotransferase lev-
els after admission.

clinical course and pathological findings indicate that
the patient’s severe acute hepatitis was not caused by
viral hepatitis, autoimmune hepatitis, alcoholic disease,
bile duct disease, or viral infection (cytomegalovirus
and EB virus) but instead was caused by exposure to
chlorinated organic solvents.

Use of TCE was stopped at the printing company
after this event. Since his discharge from the hospi-
tal, he has not been exposed to high concentrations of
chlorinated organic solvents. The patient is now in
good health.

Discussion

Severe acute hepatitis developed in a worker in an
offset color proof-printing department of a company.
The three criteria for the diagnosis of toxic hepatitis
include the following: (1) liver damage after occu-
pational exposure to a substance, considering the
patient’s work history and current workplace; (2)
elevated liver enzyme activity to at least double the
upper limit of the reference range; and (3) exclusion
of tertiary conditions such as other causes of liver
damage'>'®. The patient in this study was exposed to
various solvents, including DCP, DCM, and TCE. His
serum AST, ALT and LDH levels were remarkably
elevated at the time of admission to the hospital and
improved rapidly after admission (stopping exposure)
and treatment. The patient did not have any known
cause of severe acute hepalitis, such as viral hepatitis,
autoimmune hepatitis, alcoholic liver disease, viral
infection (adenovirus, cytomegalovirus, or EB virus),
or biliary tract disease.

Acute toxicity cause by DCP, DCM and TCE
has been reported by several investigators™. The
International Chemical Safety Cards produced of the
International Labour Organization” warn that long-
term or repeated exposure to DCM or DCP may
affect the liver and kidneys. Repeated or prolonged
contact of skin with TCE may causc dermatitis. This
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Fig. 2. Pathological findings of liver biopsy (hematoxylin and
eosin, 20x, and inset, 40x).

solvent may affect the central nervous system, liver,
and kidneys. Recently, Chang er al.'¥ reported that
exposure to both lead and organic solvents is danger-
ous, even if exposure to each of the individual compo-
nents is within the respective permissible limit. In the
present case, the patient developed symptoms during
exposure to DCP and TCE and within 1 year of expo-
sure to DCM. There were few workers exposed lo
both DCP and TCE. Therefore, DCP and TCE were
suspected to be the causative agents of the severe
acutc hepatitis in the patient. DCM also might have
contributed to the development of hepatitis. In addi-
tion, mixed exposure to such organic solvents might
synergize towards the development of the hepatitis.

Toxic hepatitis after exposure to chemicals can be
divided into three types: hepatocellular, cholestatic,
and mixed type'®. Laboratory Llest results in this
patient showed elevated AST, ALT, and LDII levels
and a decreased prothrombin value, whereas the serum
alkaline phosphatase and y-GTP levels were within
the reference ranges. These results indicate that the
hepatitis in this patient should be classified into as a
hepatocellular type. Recently, an outbreak of chol-
angiocarcinoma occurred in this same company, and
chlorinated organic solvents, particularly DCM and
DCP, were suspected to play a causative role'®'?. In
patients with occupational cholangiocarcinoma, labora-
tory test results showed elevated y-GTP levels (with
or without elevated AST and/or ALT levels), and
pathological findings demonstrated chronic bile duct
injury and non-injured hepatocytes'”. In addition,
the patients with occupational cholangiocarcinoma
were not exposed to TCE. Therefore, the mechanism
causing severe acute hepatitis in the present patient
seemed to be different from that causing occupational
cholangiocarcinoma.
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Although this patient’s liver function improved
rapidly after restricting further exposure and adminis-
tering fresh frozen plasma and glucagon-insulin ther-
apy, death due to acute liver failure was reported in a
patient with suspected TCE exposure®. Thus, regular
assessment of liver function in workers exposed to
such chlorinated organic solvents is important because
excessive exposure may induce lethal acute hepatitis.
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Intrahepatic cholangiocarcinoma (ICC) and hepatocellular carcinoma (HCC) are liver originated

: malignant tumors. Of the two, ICC has the worse prognosis because it has no reliable diagnostic
- markers and its carcinogenic mechanism is not fully understood. The aim of this study was to

integrate metabolomics and transcriptomics datasets to identify variances if any in the carcinogenic
mechanism of ICC and HCC. Ten ICC and 6 HCC who were resected surgically, were enrolled.
miRNA and mRNA expression analysis were performed by microarray on ICC and HCC and their

. corresponding non-tumor tissues (ICC_NT and HCC_NT). Compound analysis was performed using

. capillary electrophoresis time-of-flight mass spectrometry (CE-TOFMS). Principle component analysis
. (PCA) revealed that among the four sample groups (ICC, ICC_NT, HCC, and HCC_NT) there were 14

: compounds, 62 mRNAs and 17 miRNAs with two distinct patterns: tumor and non-tumor, and ICC

. and non-ICC. We accurately (84.38%) distinguished 1CC by the distinct pattern of its compounds.

Pathway analysis using transcriptome and metabolome showed that several pathways varied

© between tumor and non-tumor samples. Based on the results of the PCA, we believe that ICC and
: HCC have different carcinogenic mechanism therefore knowing the specific profile of genes and
: compounds can be useful in diagnosing ICC.

. Intrahepatic cholangiocarcinoma (ICC) is the second most common hepatic cancer and accounts for

10-25% of all hepatic malignant tumors"?. Hepatocellular carcinoma (HCC) represents the major histo-

. logical subtype of primary liver malignancies, accounting for 70% to 85% of the total liver cancer bur-
. den®. Most cases of HCC (75% to 90%) are found in patients with liver cirrhosis resulting from chronic
. hepatitis B or C infection, alcoholic injury, and recently in non-alcoholic steatohepatitis (NASH)**. ICC
. is labeled as a malignant tumor arising from the peripheral intrahepatic bile duct epithelium'. High
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Figure 1. Hierarchical Clustering using correlation coefficients. Hierarchical clustering of 96 PCs:
consisting of 32 PCs each obtained from mRNAs, miRNAs and compounds. Each PC consists of 32
dimensional vectors with 32 elements, each of which corresponds to the contribution of each sample to
each PC. The correlation coeflicients between PCs were computed using these 32 elements. On the Vertical
axis are absolute negative correlation coefficients that are used as distance for hierarchical clustering (lower
pairs have larger absolute correlations). Red rectangle indicates 5PCs which were chosen by hierarchical
clustering.

risk factors associated with ICC includes being male® being over age 657, and having primary sclerosing
cholangitis (PSC)?, biliary duct cysts®, hepatolithiasis'®, and chemical toxin overload™. It was also previ-
ously reported that genetically impaired biliary excretion of phospholipids is an underlying mechanism
of TCC!213, Metabolomic investigations support this view, as lower phosphatidylcholine and elevated
glycine- and taurine-conjugated bile acids have been reported in the bile of ICC patients'**,

Several pathways and genetic alternations have been associated with ICC development. For exam-
ple, aberrant glucose and lipid metabolism as well as 15-hydroxyprostaglandin dehydrogenase-mediated
15-keto-prostaglandin E2 signaling cascade inhibited ICC cell growth via peroxisome proliferator-activated
receptor-gamma, Smad2/3, and TAP63 pathway'é. The endocannabinoid anandamide exerts an
anti-proliferative effect on ICC through one of the cannabinoid G-protein coupled receptor 55, and
by stabilizing lipid rafts. This allows for the recruitment and activation of the Fas receptor complex'’.
Simvastatin is known to induce ICC cell death by disrupting Racl/lipid raft co-localization and by
depressing Racl activity’®. Aberrant miRNA expression has also been associated with ICC; notably,
miR-21 has been implicated in cell proliferation, apoptosis, metastasis, and migration'>?. let-7a was
also found to be up-regulated in ICC and contributes to the survival of cholangiocytes via enforced IL-6
activity?"?2,

ICC is characterized by histological observations of dissected tumors. It is difficult to conclude whether
ICC is truly derived from cholangiocytes as it was reported that patients with hepatitis C virus infection
often develop ICC, suggesting that ICC is derived from transformed hepatocytes®. Several reports have
suggested that Notch activation is critical for hepatocytes to convert into biliary lincage cells during the
onset of ICC and its subsequent malignancy and progression. In these said studies therefore, ICC was
generated by biliary lineage cells derived from hepatocytes, rather than from cholangiocytes™. ICC is
known to have a poorer survival outcome than HCC mainly due to the advanced tumor stage of palients
with intrahepatic melastasis at presentation and carly postoperative recurrence’. New biomarkers that
can detect TCC, especially in its early stages, and that can help clarify the mechanism of TCC are needed
to increase the survival rate for ICC patients.

In this study, we performed a comprehensive analysis using transcriptome and metabolome to dis-
cover (1) if there is a difference in the carcinogenic process between ICC and HCC, and (2) accurate and
sensitive molecular markers to diagnose ICC.

Result

Variable selection using principal component. Each mRNA, miRNA or compound taken from
the thirty two samples (10 pairs of ICC and ICC-NT, and 6 pairs of HCC and HCC-NT) (Supplementary
Table 1), was considered as a point in a 32 dimensional space and embedded in a low dimensional
space using principal component analysis (PCA). Figure 1 shows the hierarchical clustering of the prin-
cipal components (PCs). The vertical axis exhibits the negative correlation coefficients used to define
the distance measures of the clusters. Since each CX}* (jk= 1, 2,,, 32) is a composite of the 32 samples,
CXk= (CXK,CX,%,...,CX,F ) was also expressed as 32-dimensional vectors (see supplementary method).
To reiterate, the primary aim of this study was to perform an integrated analysis of compounds, mRNA,
and miRNA, to identify those that are related to ICC and HCC. The numbers attached to PCs repre-
sent the order of PCs while smaller numbers indicate larger contributions to overall variances. Using

SCIENTIFIC REPORTS | 5:16294 | DOI: 10.1038/srep16294 2
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Figure 2. Scatter diagram, Lower triangle: Scatter plot between five ’Cs (a) PC3_comp, (b) PC1_mRNA,
(c) PC2_mRNA, (d) PC1_miRNA, and (e) PC2_miRNA, selected based on the hierarchical clustering shown
in Fig. 1. Bach row and column corresponds to the PC displayed diagonally. Open rectangle in the second
row and third colnmn indicates the correlation coefficients (upper numerical value) and their P-values
(lower numerical value) associated with the corresponding scatter plols.

Unweighted Pair Group Method with Arithmetic Mean (UPGMA) we performed separate PCA for
compounds, mRNA and miRNA. The PCs were chosen based on the following two criteria: (1) The PC
cluster should be located in the lower right position, in other words, the absolute value of the correlation
coefficient should be the largest. (2) k of selected CX* should be as small as possible, since a smaller k
indicates more contributions. Five PC (loading)s fulfilled these criteria: PC3_comp (PC3_ compound),
PCI1_mRNA, PC2_mRNA, PC1_miRNA and PC2_miRNA (Fig. 3).

In order to validate the correlation of each selected PC, we performed a scatter plot analysis (Fig. 2).
A comparison was done of the expression patterns of compound, miRNA, and mRNA among ICC,
ICC-NT, HCC, and HCC-NT. As expected ICC and HCC had expressions that were markedly distinct
from their non-tumor (NT) counterpart; however, the difference between ICC and ICC-NT was greater
than HCC and HCC-NT (Fig. 2). Each row and column corresponds to the PCs displayed diagonally. For
example, the scatter plot in the third row and second column is between PC1_mRNA and PC2_mRNA.
Open rectangles in the second row and third column indicate correlation coefficients (upper numerical
value) and their P-values (lower numerical value) associated with the corresponding scalter plots.

Nexl, lo quantitatively confirm that selected PCs were significantly distinct among HCC, ICC,
HCC-NT and ICC-NT, we performed the following categorical regression analysis.

k
CX;" = Cyy +Ciccbice; +Crcc-nrdice-wrj +Cuccducej +Crcc-nrduce-ny
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Figure 3. Box plot in 5 PCA. Box Plot of PCs is shown in Fig. 2. The sample contribution to each PC
are shown using boxplot classified based on four sample classes. The correlation cocfficients used for the
hierarchical clustering tree represented in Fig. 1 and shown in the upper triangle in Fig. 2 are for the
distances found among the five plots. Vertical line represents genetic distance. Red dots arc depicted as
measured value of each probe after normalization. P values are shown in a scatter plot (P value of PC3_
comp, PC1_mRNA, PC2_mRNA, PCI_miRNA, and PC2_miRNA, correspond to 8.68e-03, 1.69e-02, 3.98e-
06, 4.74e-02, and 9.42¢-03, respectively).

Here §,; takes one if the i-th sample is equivalent to category a (a represents ICC, ICC-NT, HCC, or
HCC-NT), otherwise it had a value of zero. CX;* reflects the contribution of the sample i to the kth prin-
cipal component. We employed categorical regression instead of ordinary multivariate analysis because
the order and magnitude among the four groups (ICC, ICC/-NT, HCC, and HCC-NT) was unknown.
The genelic distance between ICC and ICC-NT appeared larger than between HCC and HCC-NT (Fig 3).
All together, this dala suggests that we successfully selected PCs that accurately distinguished two distinct
patterns (tumor/non-tumor and ICC/non-ICC) among the four groups. More detailed methodological
and theoretical background can be found in our previous publications?®*” and supplementary methods.
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Figure 4. Embedding of compound, mRNA, and miRNA. (a) Two-dimensional embedding of compounds
spanned by PC2 and PC3. (b) Two-dimensional embedding of mBRNA spanned by PC1 and PC2. (c) Two
dimensional embedding of miRNA spanned by PC1 and PC2. We chose compounds, mRNA and miRNAs
as “outliers” for further analysis.

Selection of ICC related compound, mRNA, and miRNA. We used PCA based unsupervised
IE to select the ICC related compounds, mRNA, and miRNA?. Results from scatter plots in five PCs,
showed that each of the four groups had compound levels or gene expression patterns that were dis-
tinct. Figure 4 shows two-dimensional embedding of mRNA/miRNA spanned by PCXil and PCXi2
and compounds spanned by PCX;2 and PCX;*®! obtained by PCA (see supplementary method). Each
circle in Fig. 4 corresponds to an individual compound detected by CE-TOFMS or individual mRNA/
miRNA expression (probe) on microarray plate. Red circles are “outliers” selected for further analysis:
compounds along PC3, mRNA along PCI and miRNAs along PC1 and PC2. In total 14 outlying com-
pounds, 62 mRNAs, and 17 miRNAs, were selected since they had larger conlributions towards the 5PCs
(red circle in figure sclection) (Fig. 4), (Supplementary Table 2, 3, 4).

Fourteen compounds (Fig. 5 and Supplementary Table 2), were selected that could separately dis-
tinguish each of our four sample groups. For example, Glycerol 3—phosphate, Succinic acid and
Glycerophosphocholine were differentially expressed in the tumor (HCC and ICC) and non-tumor
(HCC-NT and ICC-NT) population. A distinction between tumor and non-tumor samples was also
seen in PC3 of compound (Fig. 3). Thus we surmise that it is due to these three compounds that a
distinction can be made between tumors and non-tumors, On the other hand, four amino acids (Lys,
Pro, Leu and Ile) were more diversely expressed in ICC/ICC-NT than in HCC and HCC-NT. Since this
was also observed in PC3 (Fig. 3), we believe these four amino compounds are primarily responsible
for ICC/ICC-NT having a larger genetic distance than HCC and HCC-NT. Hypoxanthine and Taurine
were the only compounds that had distinct expressions that differentiated ICC from HCC, HCC-NT and
ICC-NT which suggests that these two compounds allowed ICC to be distinguished from other tumor
and non-tumor samples.

Multiple probes can be mapped to a singular gene in order to increase sensitivity and specificity; sev-
eral mRNAs (APOA1, MTRNR2L2, and RPS2) in this study had multiple probes resulting in a total of
67 probes for 62 mRNAs. Abbreviations for genes are shown in Table S3. Among these 62 mRNAs (Fig. 6
and Supplemenlary Table 3), there were several groups that share similar expression with compounds.
For example, HRP, HP, APOA1, ALDOB, ITIH4, ORMI, SERPINA1, HRG, and MT2A are mRNAs
that express differentially between tumors (HCC and ICC) and non-tumors (ICC-NT and HCC-NT),
while ALB, APOE, RBP4, TTR, AMBP, APOA2, APOC3, APOH, CES1 and APOCI are expressed in
ICC distinctly from the other three samples. We observed two varying patterns among mRNA: one is
the distinction between tumors and non-tumors reflected by PC2_mRNA; the other is the distinction
between ICC and the other three groups, which are reflected by PC1_mRNA (Fig. 3).

Similarly, two clear distinctions were observed between tumors and non-tumors, and ICC and
non-ICC among 17 miRNAs (Fig. 7 and Table S4). The former group consisted of miR-21-5p, miR-
122-5p, miR-451a, and miR-4286, while let-7b-5p and miR-16-5p fell in the latter. These two tendencies
were also observed in PC2 and PC1 in miRNAs (Fig. 3).

ICC related carcinogenetic pathway. In order to clarify the biological significance of the selected
compounds and genes Integrated Molecular Pathway Level Analysis (IMPaLA) (http://impala.molgen.
mpg.de) was used to calculate the pathway enrichment of the compounds and mRNA chosen from
pathways, such as KEGG and REACTOME as well as other data sets. The list of pathways with P values
for which mulliple comparisons and adjustments were carried out is shown (p < 0.05) in supplementary
Table 5 and 6.

In the heatmap in Supplementary Fig. 1 and 2 the black boxes represent either compound or
mRNAs, Similar pathways were classified under one color cluster using UPGMA. For example, C00819
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Figure 5. Box plot of selected compounds. Amount of 14 compounds used to discriminate between
tumor (ICC and HCC) and non-tumor (ICC_NT and HCC_NT) or between ICC and non-ICC (ICC-NT,
HCC, and HCC-NT). Left vertical axis shows the amount of compound. Red dots are depicted as measured
value of each probe after normalization. Each p-value is indicated in Table §2. XC00061 is only known as
Pubchem accession number (http://www.ncbi.nlm.nih.gov/pccompound). Unknown: neither the name of
component nor the Pubchem accession number is known.

(Glutamine) contributes to D-glutamine and D-glutamate metabolism. The largest cluster (red) rep-
resents pathways related to tRNA synthesis (tRNA charging, tRNA aminoacylation, Cytosolic tRNA
aminoacylation, Mitochondrial tRNA amicoacylation, Aminoacyl-tRNA biosynthesis), and amino acid
synthesis (glutathione synthesis and recycling, amino acid transport across the plasma membrane, amino
acid and oligopeptide SL.C transporters, transport of inorganic cations/anions and amino acids/oligo-
peptide). The green cluster shows lipoprotein related pathways: metabolism of lipids and lipoproteins,
acetylcholine Synthesis, glycerophospholipid metabolism, phospholipid metabolism, and hydrolysis of
LPC (Supplementary Fig. 1).

In the mRNA analysis performed using DIANA-miRPath (http://diana.imis.athena-innovation.gr/
DianaTools/index.php?r=mirpath/index), the yellow cluster represents the lipoprotein related pathways
(PPAR signaling pathway, HDL—mediated lipid transport, lipoprotein metabolism, lipid digestion_ mobi-
lization_ and transporl, slalin pathway, chylomicron—mediated lipid Lransport, scavenging of heme from
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Figure 6. Box plot of selected mRNAs. Expression pattern of 62 mRNA used to discriminate between
tumor (ICC and HCC) and non-tumor (ICC_NT and HCC_NT) or between ICC and non-ICC (ICC-NT,
HCC, and HCC-NT). In cases where there are multiple probes for one mRNA, pleural box plots with the
same mRNA are listed. Vertical left axis shows the expression level of mRNAs. Red dots are depicted as
measured value of each probe after normalization. P-values are indicated in Table S3.

plasma, binding and uptake of ligands by scavenger receptors, FOXA2 and FOXA3 transcriplion factor
networks). The red cluster shows the transcription related pathways including the tRNA relation pathway
(activation of the mRNA upon cap—binding, ribosomal scanning and start codon recognition, peptide
chain elongation, eukaryotic translation elongation, metabolism of RNA, metabolism of mRNA, ribo-
some, eukaryolic lranslation inilialion, cap—dependenl (ranslation initiation, SRP—dependent colrans-
lational protein targeting to GTP hydrolysis and joining of the 60S ribosomal subunit, L13a—mediated
translational silencing of ceruloplasmin 3—UTR—mediated translational regulation) (Supplementary
Fig. 2).

Pathway analysis of the validated miRNAs using DIANA-miRPath pointed fo 62 cancer-related
pathways (p < 0.05). RNA synthesis related pathway (RNA transport, Ribosome biogenesis in eukary-
otes, Ribosome, RNA polymerase, Aminoacyl-tRNA biosynthesis) and glucose-lipid synthesis pathway
(Adipocytokine signaling pathway, Insulin signaling pathway) were found to be associated with ICC
carcinogenesis (Supplementary Table 7).

Diagnosing ICC using compounds and miRNA expression pattern. We attempted (o identify
diagnostic biomarkers for ICC. We used leave one out cross validation (LOOCV) to classify samples into
three groups: ICC, HCC, and non-tumorous. Using the profile of 14 compounds (Supplementary Table
2), we classified ICC, HCC and non-tumorous tissue with 84.38% accuracy (Table 1). ICC was distin-
guished from the other 3 sample groups with 78.13% of accuracy (Table 1) using the expression profile
of 17 miRNAs (Supplementary Table 4). However mRNA expression combined with the characteristics
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Figure 7. Box plot of selected miRNAs. Expression pattern of 17 miRNAs used to discriminate between
tumor (ICC and HCC) and non-tumor (ICC_NT and HCC_NT) or between ICC and non-ICC (ICC-NT,
HCC, and HCC-NT). Vertical left axis shows miRNA expression levels. P-values are indicated in Table §4.

of the compounds or miRNA expression profile was unable o diagnose ICC with high accuracy (dale
not shown).

Discussion
In this study, we performed an integrated analysis of transcriptome and metabolome to clarify the mech-
anism of ICC and HCC carcinogenesis and to discover novel diagnostic markers for ICC. Using five PCs
comprising of 14 compounds, 62 mRNAs and 17 miRNAs, we observed two distinct patterns: tumor/
non-tumor, and ICC/non-ICC.

Tt was difficult to uncover the carcinogenetic mechanism for ICC although each gene expression and
the level of each compound could be determined. We used Integrated Molecular Pathway Level Analysis
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Resull

non-tumor | HCC | 1€C

A. Using profiling of compounds

non-tumor 14 0 2
Prediction HCC 0 5 a
1cC 2 1 8

B. Using miRNA expression patter

non-tumor 13 1 1
Prediction HCC 2 4 1
IcC 1 1 8

Table 1. Classifying CC, HCC and non-tumor.

(IMPaLA) to analyze compounds and mRNA and the DIANA-miRPath for miRNA analysis. Aberrant
expression of mRNA in ICC was related to aberrant tRNA metabolism, amino acid metabolism, and
lipoprotein metabolism (supplementary Fig. 1). Elevated compound levels coincided with lipoprotein
and tRNA metabolism (Supplementary Fig. 2). Finally a connection was found between ICC and several
miRNA related pathways namely: RNA transport, ribosome biogenesis in eukaryotes, protein export,
RNA polymerase, and Aminoacyl-tRNA biosynthesis. Although we did not find that lipoprotein to be a
miRNA related pathway, it had a strong connection to miRNA. However lipid metabolism, amino acid
metabolism, and RNA metabolism are associated with ICC formation.

In our analysis, there were two primary pathways implicated in ICC. The first is lipid and glucose
related pathway, A large number of metabolomic changes were observed in HCC that were relative
to citrhosis or to control subjects (review in?). Lipids, bile juice secretion, and ICC were found to be
closely inter-related. Taurocholate and phosphatidylcholine have no effect on apolipoprotein B (apo B)
secretion but has been known to significantly increase the basolateral secretion of APOA1™, Elevated
taurine level in ICC in this study coincides with previous reports'*'*. Signs of metabolic remodeling has
been detected by metabolomics in the livers of HCC patients, namely a decrease in glucose, citrate, and
glycerol 3-phosphate coupled wilh an increase in pyruvate (signs of the Warburg effect®), and a switch
from mitochondrial respiration to cytosolic aerobic glycolysis®*. In our study, down regulated amino
acid metabolism and up regulated G-3-P metabolism were observed in both HCC and ICC. Thus, met-
abolic reprogramming in HCC and ICC appeared to exhibit a modest Warburg shift towards glycolytic
metabolism and a major upregulation of fatty acid catabolism in some tumor types.

The second pathway implicated in ICC is the tRNA related pathway. Aminoacyl-tRNA synthetases
(ARSs) are essential and ubiquitous ‘house-keeping’ enzymes responsible for charging amino acids to
their cognate tRNAs with a high fidelity and providing the substrates for global protein synthesis*.
Defects in either canonical or noncanonical ARS [unctions can cause or contribute o human diseases.
ARSs suspected involvement in several types of cancer through aberrant expression and interactions have
been previously reported®3%, Our analysis indicated that in addition to ARS, many RNA regulated path-
ways were involved in ICC. Many therapeutic reagents that are highly potent also produce adverse side
effects such as non steroidal anti-inflammatory drugs associated wilh increased risk of coronary hearl
disease, and anti-VEGE-A inhibitors implicated in the disruption of blood vessel maintenance. Novel
cancer drug related to ARS might provide a new set of physiologic extracellular or intracellular path-
ways as the basis for developing novel therapeutics with minimal side effects. The advantage of applying
natural secrelory or endogenous ARSs (e.g., GARS and EPRS) to clinical use is thal they catalyze the
ligation of amino acids to their cognate tRNAs with a high fidelity. For example, RS and ARS-interacting
multifunctional proteins participate in the formation of Glioblastoma multiforme, therefore these com-
pounds are possible candidates to be used in the development of innovative drugs*®. Another candidate is
human LARS which has the ability to correct mitochondrial dysfunctions caused by tRNAM*UURA23¢
mutation-related neurodegenerative disorder in MELAS syndrome®.

Several reports on the origin of hepatocyte and cholangiocyte have led to the understanding that
hepatoblasts are bipotent precursors that develop into either hepatocyte (the main epithelial cells in the
liver) or cholangiocyte (the epithelial cells lining the intrahepatic biliary ducts). The formation of hepat-
ocyte and cholangiocyte is temporally and spatially separated, which suggests that localized inducers or
repressing mechanisms operate to direct the fate of both®. Hepatocytes can change into biliary lineage
cells when intrahepatic bile duct regeneration is induced, but cholangiocytes cannot proliferate owing to
toxic influences®. Hepatocyles can transdifferentiate into biliary lineage cells regardless of their position
in the hepatic lobule. The location of lineage-converting hepatocytes is likely decided by the nature of
the toxins used. Notch-mediated conversion of hepatocytes into biliary lineage cells accelerates ICC
formation®. Moreover non-B non-C HCC palients were chosen for this study as there would be are
no influenced by genc expression or the amount of compounds in hepatic virus B or C infection. In
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this study, embryological similarity between cholangiocyte and hepatocyte coincided with the similarity
between the carcinogenic mechanism of ICC and HCC. Moreover, the difference in clinical malignancy
grade between ICC and HCC also coincided with the genetic differences between TCC and HCC.

In this study we were able to diagnose ICC with high accuracy using molecular information from
the tumor tissue. Specifically, the serum values of AFP and DCP, and CEA and CA19-9 were used lo
distinguish HCC and ICC, respectively. However, the specificity and sensitivity for diagnosing HCC by
AFP and DCP, and diagnosing ICC by CEA and CA19-9 were not satisfactory. Pathological diagnosis
of ICC was complicated because poorly differentiated HCC and ICC had similar pathological findings;
as well, there was a type of HCC which had the characteristics of both ICC and HCC. ICC could be
diagnosed using miRNA or compounds with an approximate 80% accuracy. To our knowledge this is the
first report that has identified a highly specific tumor marker for ICC. Although our sample was not as
large as would have been ideal, integrating transcriptome and melabolome analysis creates more reliable
results than performing a single analysis such as transriplome or metabolome. We propose that in the
future a similar study be done with a larger sample.

In conclusion, we found that there were several common pathways involved in ICC and HCC for-
mation and the clinical and genetic malignant potential of ICC was higher than HCC. Using PCA we
also revealed that ICC could be distinguished from non-ICC using the biomarkers we identified. These
mRNA, miRNAs, and compounds are a promising slart to uncovering novel biomarkers thal may lead
to therapeutic applications in the future.

Methods

Sample preparation. Ten ICC and six HCC samples were obtained by surgical resection
(Supplementary Table 1). We created four groups using the ICC/HCC samples and their respective sur-
rounding non-tumor tissues. ICC and HCC were diagnosed using tumor markers (AFP, CEA, CA19-9
and DCP), CT and pathological examination. All samples were negative for HBs-Ag and anti-HCV. All
patients provided written informed consent, and the Faculty of Medicine Ethics Committee of Osaka
City University approved all aspects of this study in accordance with the Helsinki Declaration.

RNA preparation and miRNA. Total RNA from tissue samples was prepared using a mirVana
miRNA extraction Kit (Ambion, Auslin, TX, USA) according lo the manufacturer’s instruction. To detect
miRNA, 100 ng of RNA was labeled and hybridized using the Human microRNA Microarray Kit (Rel.
12.0) (Agilent Technologies, CA, USA) according to the manufacturer’s protocol for use with Agilent
microRNA microarrays Version 1.0. Hybridization signals were detected with Agilent DNA microar-
ray scanner G2505B and the scanned images were analyzed using Agilent fealure extraction software
(v10.10.1.1). All data were deposited in NCBI's Gene Expression Omnibus and are accessible through
GEOQ Series accession number GSE57555.

mRNA microarray. To detect mRNA, 100 ng of RNA was labeled and hybridized using the SurePrint
G3 Human GE Microarray Kit (Ver 2.0) (Agilent Technologies, CA, USA) according to the manufac-
turer’s protocol for use with Agilent microRNA microarrays Version 2.0. Hybridization signals were
detected with Agilent DNA microarray scanner G2539A and the scanned images were analyzed using
Agilent feature extraction software (v10.10.1.1). All data were deposited in NCBI's Gene Expression
Omnibus and are accessible through GEO Series accession number GSE57555.

Measurement of metabolites. After surgical resection, the sample aliquots were frozen in liquid
nitrogen and then tissue was made into a fine powder using a pestle and mortar in liquid nitrogen.
Approximately 50mg of frozen powder lissue was plunged into 1,500pL of 50% acetonitrile/Milli-Q
water containing internal standards (113304-1002, Human Metabolome Technologies, Inc., Tsuruoka,
Japan) at 0°C in order to inactivate the enzymes. The tissue was homogenized thrice at 1,500rpm for
120sec using a tissue homogenizer (Microsmash MS100R, Tomy Digital Biology Co., Ltd., Tokyo, Japan)
and then the homogenate was centrifuged at 2,300 x g and 4°C for 5min. Subsequently, 800 1. of upper
aqueous layer was centrifugally filtered through a Millipore 5-kDa cutoff filter at 9,100 x ¢ and 4°C for
120min to remove proteins. The fillrale was centrifugally concentrated and re-suspended in 50p1. of
Milli-Q water for CE-MS analysis.

Capillary electrophoresis time-of-flight mass spectrometry (CE-TOFMS) was carried out using an
Agilent CE Capillary Electrophoresis System equipped with an Agilent 6210 Time of Flight mass spec-
trometer, Agilent 1100 isocratic HPLC pump, Agilent G1603A CE-MS adapter kit, and Agilent G1607A
CE-ESI-MS sprayer kit (Agilent Technologies, Waldbronn, Germany). The systems were controlled by
Agilent G2201AA ChemStation software version B.03.01 for CE (Agilent Technologies, Waldbronn,
Germany). The melaboliles were analyzed using a fused silica capillary (50jum i.d. x 80cm total length),
with commercial clectrophoresis buffer (Solution ID: H3301-1001 for cation analysis and H3302-1021
for anion analysis, Human Metabolome Technologics) as the electrolyte. The sample was injected at a
pressure of 50 mbar for 10sec (approximately 10nL) in cation analysis and 25 sec (approximately 25nL)
in anion analysis. ‘The speclrometer was scanned from m/z 50 Lo 1,000. Other conditions were as previ-
ously described®*2,
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Supplementary table 1. Clinical information

CEA CA19-9 AFP DCP Tumor size
Code No. Sex Age (ng/ml) (ng/ml) (ng/ml) (U/ml) Histology (mm x mm)
ICC
1 M 74 9.4 34 6 24 M 35x 45
2 M 32 1.7 1223 3.1 39 M 125 x 95
3 M 79 6.1 15 3.5 306 M 35x 25
4 M 57 25 891 1.7 ND M 23x15
5 M 63 8.6 8 4.9 16 M 21x16
6 F 62 3.1 28 3.7 17 M 20x 18
7 M 39 1.5 105 4.6 21 W ND
8 M 31 2.1 799 7.5 25 M 21x19
9 F 50 12.8 43566 2 NI M 54x48
10 M 34 4 44 5.7 29 W 10x15
all 52.1+17.6 5.243.9 4671+£13673 4.3+1.82 59.6+99.8 39.91+34.5
HCC
11 M 74 4.9 9 4010.7 515 P 40 x 25
12 M 72 3.4 3 43 23 M 55 x 45
13 M 77 20.8 160 1750 8177 M 45 x 30
14 M 71 23 10 3.6 767 M 45 x 40




15 M 69 1.5 2 6.1 39365 M 80 x 60

16 F 76 2 26 29 48911 M 90x 70

all 73.2+31 5.8+7.4 31.1+£63.2 962.9+1629.3 16293+21986 59.2+20.8

Abbreviations NI; no information, ND; not determined the size of tumor, Histology; W; well differentiated, M; moderately
differentiated, P; poorly differentiated



Supplementary table 2. List of compounds selected by PCA

Accession No. Name P-value
C00042 Succinic acid 4.61E-02
C00047 Lysine 3.87E-01
C00051 Glutathione 2.77E-01
C00064 Glutamine 1.37E-01
C00093 Glycerol 3 phosphate 7.67E-06
C00114 Choline 9.61E-02
C00123 Leucine 4.36E-01
C00148 Proline 7.79E-01
C00245 Taurine 1.58E-03
C00262 Hypoxanthine 1.14E-01
C00303 Glutamine 1.37E-01
Coo0407 Isoleucine 2.90E-01
C00670 Glycerophosphocholine 2.14E-03
C00739 Lysine 3.87E-01
C00763 Proline 7.79E-01
C00819 Glutamine 1.37E-01
C01570 Leucine 4.36E-01
C06418 Isoleucine 2.90E-01




C16434 Isoleucine 2.90E-01
C16435 Proline 7.79E-01
C16439 Leucine 4.36E-01
C16440 Lysine 3.87E-01
unknown XC0061 1.31E-01
unknown unknown 1.18E-01

Abbreviation, Accession No. is based on Pubchem.




Supplementary table 3. List of mMRNAs selected by PCA

Accession No. Gene name Abbreviation P-value
NM_000035 aldolase B, fructose-bisphosphate ALDOB 3.95e-04
NM_000039 apolipoprotein A-l APOA1 3.80e-04
NM_000040 apolipoprotein C-llI APOC3 8.34e-04
NM_000041 apolipoprotein E APOE 1.30e-03
NM_000042 apolipoprotein H APOH 1.71e-04
NM_000064 complement component 3 C3 9.44e-04
NM_000150 fucosyltransferase 6 FUT6 1.79e-01
NM_000301 plasminogen PLG 1.01e-04
NM_000371 transthyretin TTR 3.16e-03
NM_000412 histidine-rich glycoprotein HRG 1.81e-04
NM_000477 albumine ALB 3.89e-03
NM_000509 fibrinogen gamma chain FGG 2.41e-04
NM_000607 orosomucoid 1 ORM1 7.24e-05
NM_000608 orosomucoid 2 ORM2 3,22e-05
NM_000976 ribosomal protein L12 RPL12 8.38e-04
NM_000978 ribosomal protein L23 RPL23 1.20e-04

NM_001002236 serpin peptidase inhibitor, clade A SERPINA1 3.10e-03
NM_001003 ribosomal protein, large, P1 RPLP1 6.19e-05




NM_001004 ribosomal protein, large, P2 RPLP2 1.49e-05
NM_001012 ribosomal protein S8 RPS8 2.57e-03
NM_001025195 carboxylesterase 1 CES1 1.38e-03
NM_001030 ribosomal protein S27 RSP27 8.87e-03
NM_001031 ribosomal protein S28 RPS28 2.24e-04
NM_001033045 G protein-coupled receptor 155 GPR155 9.62e-02
NM_001040125 PQ loop repeat containing 2 PQLC2 2.59e-01
NM_001101 actin beta ACTB 4.22e-05
NM_001113755 thymidine phosphorylase TYMP 5.12e-01
NM_001190452 MT-RNR2-like 1 MTRNP2L1 2.54e-01
NM_001190470 MT-RNR2-like 2 MTRNP2L2 1.35e-01
NM_001190487 MT-RNR2-like 6 MTRNR2L6 7.29e-02
NM_001195605, zinc finger protein 865 ZNF865 1.36e-01
NM_001402 eukaryotic translation elongation factor 1 alpha 1 EEF1A1 4.14e-02
NM_001622 alpha-2-HS-glycoprotein AHSG 8.46e-05
NM_001633 alpha-1-microglobulin/bikunin precursor AMBP 6.78e-05
NM_001643 apolipoprotein A-ll APOA2 3.78e-04
NM_001645 apolipoprotein C-I APOC1 5.72e-04
NM_001733 complement component 1, r subcomponent C1R 2.54e-05
NM_002116 major histocompatibility complex, class I, A HLA-A 1.28e-02




NM_002218 inter-alpha-trypsin inhibitor heavy chain family, member 4 ITIH4 2.79e-05
NM_002952 ribosomal protein S2 RPS2 3.27e-05
NM_005143 haptoglobin HP 3.90e-04
NM_005946 metallothionein 1A MT1A 1.03e-04
NM_005953 metallothionein 2A MT2A 9.58e-04
NM_006744 retinol binding protein 4, plasma RBP4 1.04e-04
NM_014272 ADAM metallopeptidase with thrombospondin type 1 motif, 7 ADAMTS7 8.27e-01
NM_017781 cytochrome P450, family 2, subfamily W, polypeptide 1 CYP2W1 4.30e-01
NM_020682 arsenite methyltransferase AS3MT 1.97e-01
NM_020995 haptoglobin-related protein HRP 2.60e-05
NM_021009 ubiquitin C UBC 1.14e-01
NM_022551 ribosomal protein S18 RPS18 1.36e-01
NM_030885 microtubule-associated protein 4 MAP4 3.69e-01
NM_033251 ribosomal protein L1 RPL13 3.08e-03
NM_172002 HscB mitochondrial iron-sulfur cluster co-chaperone HSCB 1.08e-01
NM_178352 late cornified envelope 1D LCE1D 8.73e-01
NM_213606 solute carrier family 16, member 12 SLC16A12 1.21e-01

Abbreviation: This list includes some overlapping microarray probe (9 APOA1, 2 MTRNR2L2, and 2 RPL2




Supplementary table 4. List of miRNAs selected by PCA

miRNA p-value miRNA p-value
hsa-let-7a-5p 0.00E+00 hsa-miR-4454 2.85E-04
hsa-let-7b-5p 0.00E+00 hsa-miR-4459 0.00E+00
hsa-miR-122-5p 0.00E+00 hsa-miR-4516 0.00E+00
hsa-miR-16-5p 6.66E-16 hsa-miR-451a 0.00E+00
hsa-miR-21-5p 0.00E+00 hsa-miR-5100 9.73E-06
hsa-miR-29a-3p 1.84E-14 hsa-miR-6087 1.60E-01
hsa-miR-3917 5.40E-01 hsa-miR-6089 0.00E+00
hsa-miR-3960 0.00E+00 hsa-miR-642a-3p 0.00E+00
hsa-miR-4286 3.24E-12




Supplementary table 5. List of cancer related pathway based on compound information.

Name Source Overlapping metabolites No. of metabolites P-value
C00114;C00064;C00148;C00245;C00407;

Amine compound SLC transporters Reactome C00047;C00123 35 (35) 4.31E-08
C00064;C00114;C00148;C00245;C00093;

ABC transporters - Homo sapiens (human) KEGG C00407;C00051;C00047;C00123 122 (122) 9.47E-08

Transport of glucose and other sugars__ bile

salts and organic acids_ metal ions and amine C00064;C00114;C00148;C00245;C00407;

compounds Reactome C00042;C00047;C00123 78 (83) 9.47E-08
C00064;C00148;C00407;C00051;C00047;

leukotriene biosynthesis HumanCyc C00123 29 (30) 2.71E-07
C00064;C00148;C00407;C00051;C00047;

&gamma;-glutamyl cycle HumanCyc C00123 29 (29) 2.71E-07
C00064;C00148;C00407;C00051;C00047;

Glutathione synthesis and recycling Reactome C00123 30 (31) 2.82E-07
Na+/Cl- dependent neurotransmitter C00064;C00148;C00245;C00407;C00047;

transporters Reactome C00123 31 (31) 2.88E-07
Amino acid transport across the plasma C00064;C00148;C00245;C00407;C00047;

membrane Reactome C00123 32 (32) 2.88E-07

SLC-mediated transmembrane transport Reactome C00114;C00064;C00148;C00262;C00245; 158 (164) 2.88E-07




C00407;C00042;C00047;C00123

C00064;C00148;C00407;C00051;C00047;

Glutathione conjugation Reactome C00123 36 (40) 5.48E-07
C00114;C00064;C00148;C00262;C00245;
Transmembrane transport of small molecules Reactome C00407;C00042;C00047;C00123 184 (195) 9.27E-07
Endosomal/Vacuolar pathway Reactome C00064;C00148;C00047;C00123;C00407 20 (20) 1.49E-06
C00064;C00148;C00245;C00407;C00047;
Amino acid and oligopeptide SLC transporters Reactome C00123 45 (45) 1.67E-06
Proton/oligonucleotide cotransporters Reactome C00064;C00148;C00047;C00123;C00407 21 (21) 1.67E-06
Transport of inorganic cations/anions and C00064;C00148;C00245;C00407;C00047;
amino acids/oligopeptides Reactome C00123 48 (48) 2.25E-06
tRNA charging HumanCyc C00064;C00148;C00047;C00123;C00407 24 (24) 3.03E-06
Antigen processing-Cross presentation Reactome C00064;C00148;C00047;C00123;C00407 29 (29) 7.89E-06
Transport of inorganic cations-anions and
amino acids-oligopeptides Wikipathways C00064;C00148;C00407;C00123;C00047 31 (32) 1.06E-05
C00064;C00148;C00245;C00407;C00042;
Metabolism of amino acids and derivatives Reactome C00051;C00047;C00123 181 (190) 1.32E-05
<i>S</i>-methyl-5-thio-&alpha;-D-ribose
1-phosphate degradation HumanCyc C00064;C00148;C00047;C00123;C00407 35 (35) 1.72E-05
Class | MHC mediated antigen processing & Reactome C00064;C00148;C00047;C00123;C00407 35 (35) 1.72E-05




presentation

C00114;C00064;C00148;C00407;C00047;

Immune System Reactome C00123 87 (102) 5.84E-05
Protein digestion and absorption - Homo
sapiens (human) KEGG C00064;C00148;C00407;C00123;C00047 47 (47) 7.25E-05
Adaptive Immune System Reactome C00064;C00148;C00047;C00123;C00407 48 (48) 7.74E-05
C00064;C00148;C00407;C00042;C00047;
Gene Expression Reactome C00123 94 (100) 8.17E-05
C00064;C00148;C00407;C00051;C00047;
Phase Il conjugation Wikipathways C00123 95 (110) 8.37E-05
Aminoacyl-tRNA biosynthesis - Homo sapiens
(human) KEGG C00064;C00148;C00407;C00123;C00047 52 (52) 0.000104
C00114;C00064;C00148;C00262;C00245;
C00093;C00407;C00670;C00042;C00051;
Metabolism Reactome C00047;C00123 794 (1000) 0.000107
C00064;C00148;C00407;C00051;C00047;
Phase Il conjugation Reactome C00123 114 (140) 0.000222
Hydrolysis of LPC Reactome C00114;C00093;C00670 8 (8) 0.000254
tRNA Aminoacylation Wikipathways C00064;C00148;C00407;C00123;C00047 65 (65) 0.000254
Cytosolic tRNA aminoacylation Reactome C00064;C00148;C00047;C00123;C00407 65 (65) 0.000254




Mitochondrial tRNA aminoacylation Reactome C00064;C00148;C00047;C00123;C00407 65 (65) 0.000254
tRNA Aminoacylation Reactome C00064;C00148;C00047;C00123;C00407 65 (65) 0.000254
Mineral absorption - Homo sapiens (human) KEGG C00064;C00148;C00407;C00123 29 (29) 0.000276
C00064;C00148;C00245;C00042;C00051;
Metabolism of amino acids and derivatives Wikipathways C00047 173 (186) 0.00203
One carbon donor Wikipathways C00114;C00051;C00245 19 (23) 0.00275
Doxycycline Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Demeclocycline Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Oxytetracycline Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Minocycline Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Lymecycline Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Tetracycline Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Clomocycline Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Clarithromycin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Clindamycin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Azithromycin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Streptomycin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Spectinomycin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Kanamycin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Gentamicin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275




Netilmicin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Neomycin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Roxithromycin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Erythromycin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Amikacin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
Telithromycin Action Pathway SMPDB C00148;C00407;C00123 20 (20) 0.00275
C00064;C00148;C00407;C00051;C00047;
Biological oxidations Reactome C00123 202 (252) 0.00306
Glucose Homeostasis Wikipathways C00262;C00407;C00047 21 (21) 0.0031
Urea cycle and metabolism of arginine_
proline_ glutamate_ aspartate and asparagine EHMN C00042;C00064;C00148;C00051;C00047 125 (125) 0.0036
Amino acid conjugation Wikipathways C00064;C00245 5(5) 0.00715
Transport of glucose and other sugars__ bile

salts and organic acids_ metal ions and amine
compounds Wikipathways C00114;C00042;C00148 29 (29) 0.00795
Neurotransmitter Release Cycle Reactome C00114;C00042;C00064 30 (30) 0.00867

Glycine_ serine_ alanine and threonine

metabolism EHMN C00114;C00064;C00051;C00047 88 (88) 0.013
Glycerophospholipid metabolism EHMN C00114;C00064;C00093;C00670 96 (96) 0.0179
GABAergic synapse - Homo sapiens (human) KEGG C00064;C00042 9 (9) 0.0232




Acetylcholine Synthesis Wikipathways C00114;C00670 9(9) 0.0232
Homocarnosinosis SMPDB C00042;C00064;C00051 48 (48) 0.0306
Hyperinsulinism-Hyperammonemia Syndrome SMPDB C00042;C00064;C00051 48 (48) 0.0306
Succinic semialdehyde dehydrogenase
deficiency SMPDB C00042;C00064;C00051 48 (48) 0.0306
4-Hydroxybutyric Aciduria/Succinic
Semialdehyde Dehydrogenase Deficiency SMPDB C00042;C00064;C00051 48 (48) 0.0306
Glutamate Metabolism SMPDB C00042;C00064;C00051 48 (48) 0.0306
2-Hydroxyglutric Aciduria (D And L Form) SMPDB C00042;C00064;C00051 48 (48) 0.0306
Transmission across Chemical Synapses Reactome C00064;C00114;C00042 51 (51) 0.0318
Neuronal System Reactome C00064;C00114;C00042 51 (51) 0.0318
Prolinemia Type Il SMPDB C00042;C00148;C00763 52 (52) 0.0318
Prolidase Deficiency (PD) SMPDB C00042;C00148;C00763 52 (52) 0.0318
Arginine and Proline Metabolism SMPDB C00042;C00148;C00763 52 (52) 0.0318
Hyperprolinemia Type | SMPDB C00042;C00148;C00763 52 (52) 0.0318
Hyperprolinemia Type Il SMPDB C00042;C00148;C00763 52 (52) 0.0318
Ornithine Aminotransferase Deficiency (OAT
Deficiency) SMPDB C00042;C00148;C00763 52 (52) 0.0318
Arginine: Glycine Amidinotransferase
Deficiency (AGAT Deficiency) SMPDB C00042;C00148;C00763 52 (52) 0.0318




Glycerophospholipid metabolism - Homo

sapiens (human) KEGG C00114;C00093;C00670 52 (52) 0.0318
Hyperornithinemia with gyrate atrophy (HOGA) SMPDB C00042;C00148;C00763 52 (52) 0.0318
Creatine deficiency_ guanidinoacetate
methyltransferase deficiency SMPDB C00042;C00148;C00763 52 (52) 0.0318
L-arginine:glycine amidinotransferase
deficiency SMPDB C00042;C00148;C00763 52 (52) 0.0318
Hyperornithinemia-hyperammonemia-homocitr
ullinuria [HHH-syndrome] SMPDB C00042;C00148;C00763 52 (52) 0.0318
Guanidinoacetate Methyltransferase
Deficiency (GAMT Deficiency) SMPDB C00042;C00148;C00763 52 (52) 0.0318
D-Glutamine and D-glutamate metabolism -
Homo sapiens (human) KEGG C00064;C00819 12 (12) 0.0318
Synthesis of PG Reactome C00114;C00093 13 (13) 0.0354
Glycerophospholipid biosynthesis Wikipathways C00114;C00093;C00670 56 (64) 0.0354
Trans-sulfuration pathway Wikipathways C00051;C00245 14 (14) 0.0354
Isovaleric Aciduria SMPDB C00042;C00407;C00123 58 (58) 0.0354
3-Methylcrotonyl Coa Carboxylase Deficiency
Type | SMPDB C00042;C00407;C00123 58 (58) 0.0354
Propionic Acidemia SMPDB C00042;C00407;C00123 58 (58) 0.0354




Maple Syrup Urine Disease SMPDB C00042;C00407;C00123 58 (58) 0.0354
3-Hydroxy-3-Methylglutaryl-CoA Lyase
Deficiency SMPDB C00042;C00407;C00123 58 (58) 0.0354
Isobutyryl-coa dehydrogenase deficiency SMPDB C00042;C00407;C00123 58 (58) 0.0354
3-hydroxyisobutyric aciduria SMPDB C00042;C00407;C00123 58 (58) 0.0354
3-hydroxyisobutyric acid dehydrogenase
deficiency SMPDB C00042;C00407;C00123 58 (58) 0.0354
Isovaleric acidemia SMPDB C00042;C00407;C00123 58 (58) 0.0354
Methylmalonate Semialdehyde
Dehydrogenase Deficiency SMPDB C00042;C00407;C00123 58 (58) 0.0354
Methylmalonic Aciduria SMPDB C00042;C00407;C00123 58 (58) 0.0354
3-Methylglutaconic Aciduria Type IV SMPDB C00042;C00407;C00123 58 (58) 0.0354
3-Methylglutaconic Aciduria Type llI SMPDB C00042;C00407;C00123 58 (58) 0.0354
Beta-Ketothiolase Deficiency SMPDB C00042;C00407;C00123 58 (58) 0.0354
Glycerophospholipid biosynthesis Reactome C00114;C00093;C00670 58 (63) 0.0354
3-Methylglutaconic Aciduria Type | SMPDB C00042;C00407;C00123 58 (58) 0.0354
Valine_ Leucine and Isoleucine Degradation SMPDB C00042;C00407;C00123 58 (58) 0.0354
2-Methyl-3-Hydroxybutryl CoA Dehydrogenase
Deficiency SMPDB C00042;C00407;C00123 58 (58) 0.0354
Metabolism of lipids and lipoproteins Reactome C00114;C00245;C00093;C00670;C00042; 358 (443) 0.0372




C00051

Synthesis of PA Reactome C00114;C00093 15 (15) 0.04
Phospholipid metabolism Reactome C00114;C00093;C00670 66 (71) 0.0498
Purine metabolism Reactome C00064;C00051;C00262 66 (67) 0.0498




Supplementary table 6. List of cancer related pathway based on mRNA information.

Name Source Overlapping genes No. of genes p-value
NM_001003;NM_000978;NM_002952;NM_0225
51;NM_001030;NM_000976;NM_033251;NM_0

Peptide chain elongation Reactome 01012;NM_001402;NM_001031;NM_001004 95 (95) 5.64E-10
NM_001003;NM_000978;NM_002952;NM_0225
51;NM_001030;NM_000976;NM_033251;NM_0

Eukaryotic Translation Elongation Reactome 01012;NM_001402;NM_001031;NM_001004 100 (100) 5.64E-10
NM_001003;NM_000978;NM_002952;NM_0225
51;NM_001030;NM_000976;NM_033251;NM_0

Cytoplasmic Ribosomal Proteins Wikipathways 01012;NM_001031;NM_001004 88 (88) 3.62E-09
NM_001003;NM_000978;NM_002952;NM_0225
51;NM_001030;NM_000976;NM_033251;NM_0

Eukaryotic Translation Termination Reactome 01012;NM_001031;NM_001004 94 (94) 5.34E-09
Nonsense Mediated Decay (NMD) NM_001003;NM_000978;NM_002952;NM_0225
independent of the Exon Junction Complex 51;NM_001030;NM_000976;NM_033251;NM_0

(EJC) Reactome 01012;NM_001031;NM_001004 99 (99) 7.25E-09
NM_001003;NM_000978;NM_002952;NM_0225
51;NM_001030;NM_000976;NM_033251;NM_0

Formation of a pool of free 40S subunits Reactome 01012;NM_001031;NM_001004 106 (106) 1.21E-08
Nonsense Mediated Decay (NMD) enhanced Reactome NM_001003;NM_000978;NM_002952;NM_0225 110 (110) 1.32E-08




by the Exon Junction Complex (EJC)

51;NM_001030;NM_000976;NM_033251;NM_0
01012;NM_001031;NM_001004

NM_001003;NM_000978;NM_002952;NM_0225
51;NM_001030;NM_000976;NM_033251;NM_0

Nonsense-Mediated Decay (NMD) Reactome 01012;NM_001031;NM_001004 110 (110) 1.32E-08
NM_001003;NM_000978;NM_002952;NM_0225
51;NM_001030;NM_000976;NM_033251;NM_0

3_ -UTR-mediated translational regulation Reactome 01012;NM_001031;NM_001004 116 (116) 1.64E-08
NM_001003;NM_000978;NM_002952;NM_0225
L13a-mediated translational silencing of 51;NM_001030;NM_000976;NM_033251;NM_0
Ceruloplasmin expression Reactome 01012;NM_001031;NM_001004 116 (116) 1.64E-08
NM_001003;NM_000978;NM_002952;NM_0225
GTP hydrolysis and joining of the 60S 51;NM_001030;NM_000976;NM_033251;NM_0
ribosomal subunit Reactome 01012;NM_001031;NM_001004 117 (117) 1.64E-08
NM_001003;NM_000978;NM_002952;NM_0225
51;NM_001030;NM_000976;NM_033251;NM_0
Translation Reactome 01012;NM_001402;NM_001031;NM_001004 160 (160) 1.64E-08
NM_001003;NM_000978;NM_002952;NM_0225
SRP-dependent cotranslational protein 51;NM_001030;NM_000976;NM_033251;NM_0
targeting to membrane Reactome 01012;NM_001031;NM_001004 118 (118) 1.64E-08
Cap-dependent Translation Initiation Reactome NM_001003;NM_000978;NM_002952;NM_0225 124 (124) 2.34E-08




51;NM_001030;NM_000976;NM_033251;NM_0
01012;NM_001031;NM_001004

NM_001003;NM_000978;NM_002952;NM_0225
51;NM_001030;NM_000976;NM_033251;NM_0

Eukaryotic Translation Initiation Reactome 01012;NM_001031;NM_001004 124 (124) 2.34E-08
NM_001003;NM_001004;NM_002952;NM_0225
51;NM_000976;NM_001030;NM_033251;NM_0

Ribosome - Homo sapiens (human) KEGG 01012;NM_001031;NM_000978 133 (134) 4.42E-08
NM_005143;NM_020995;NM_001633;NM_0004

Scavenging of heme from plasma Reactome 77;NM_000039 12 (12) 2.06E-07
NM_001003;NM_001004;NM_002952;NM_0225
51;NM_001030;NM_000976;NM_033251;NM_0

Metabolism of mMRNA Reactome 01012;NM_001031;NM_000978 178 (178) 6.87E-07
NM_001003;NM_172002;NM_001004;NM_0003
01;NM_000978;NM_002952;NM_022551;NM_0
00976;NM_001030;NM_033251;NM_001031;N
M_001402;NM_001101;NM_001012;NM_01427

Metabolism of proteins Reactome 2 598 (598) 3.06E-06
Binding and Uptake of Ligands by Scavenger NM_001633;NM_005143;NM_000039;NM_0209

Receptors Reactome 95;NM_000477;NM_000041 41 (41) 3.52E-06

Retinoid metabolism and transport Reactome NM_000371;NM_000039;NM_001643;NM_0000 42 (42) 3.90E-06




40;NM_000041;NM_006744

NM_001003;NM_001004;NM_002952;NM_0225
51;NM_001030;NM_000976;NM_033251;NM_0

Metabolism of RNA Reactome 01012;NM_001031;NM_000978 226 (226) 5.57E-06
NM_001643;NM_000040;NM_000041;NM_0004

Lipoprotein metabolism Reactome 77;NM_000039 30 (30) 2.59E-05
NM_001643;NM_000040;NM_000041;NM_0016

Statin Pathway Wikipathways 45;NM_000039 31 (31) 2.95E-05
NM_000040;NM_000041;NM_000477;NM_0000

HDL-mediated lipid transport Reactome 39 15 (15) 6.02E-05
NM_001643;NM_000040;NM_000041;NM_0000

Chylomicron-mediated lipid transport Reactome 39 17 (17) 0.0001

NM_000412;NM_000039;NM_001002236;NM_0

Platelet degranulation Reactome 00477;NM_000509;NM_000301 82 (82) 0.000178
NM_000412;NM_000039;NM_001002236;NM_0

Response to elevated platelet cytosolic Ca2+ Reactome 00477;NM_000509;NM_000301 87 (87) 0.000243
NM_001643;NM_000040;NM_000041;NM_0004

Lipid digestion_ mobilization_ and transport Reactome 77;NM_000039 50 (50) 0.000286
NM_000371;NM_000039;NM_001643;NM_0000

Diseases associated with visual transduction Reactome 40;NM_000041;NM_006744 96 (96) 0.000382




NM_000371;NM_000039;NM_001643;NM_0000

Visual phototransduction Reactome 40;NM_000041;NM_006744 96 (96) 0.000382
NM_001643;NM_001002236;NM_001733;NM_0
Complement and Coagulation Cascades Wikipathways 00301;NM_000064 54 (54) 0.000382
Formation of the ternary complex_ and NM_001030;NM_001031;NM_002952;NM_0010
subsequently _the 43S complex Reactome 12;NM_022551 55 (55) 0.000397
NM_000040;NM_000041;NM_001645;NM_0000
Statin Pathway_ Pharmacodynamics PharmGKB 39 25 (25) 0.000397
NM_001030;NM_001031;NM_002952;NM_0010
Translation initiation complex formation Reactome 12;NM_022551 62 (62) 0.000677
Ribosomal scanning and start codon NM_001030;NM_001031;NM_002952;NM_0010
recognition Reactome 12;NM_022551 62 (62) 0.000677
Activation of the mRNA upon binding of the
cap-binding complex and elFs_ and NM_001030;NM_001031;NM_002952;NM_0010
subsequent binding to 43S Reactome 12;NM_022551 63 (63) 0.000713
Complement and coagulation cascades - NM_001002236;NM_000509;NM_001733;NM_0O
Homo sapiens (human) KEGG 00301;NM_000064 69 (69) 0.00109
FOXAZ2 and FOXAS3 transcription factor NM_000477;NM_000371;NM_000035;NM_0000
networks PID 39 45 (45) 0.00383
Complement Wikipathways | NM_000509;NM_000301;NM_000477;NM_0000 95 (95) 0.0049




64;NM_000039

NM_000301;NM_000041;NM_000477;NM_0000

Vitamin B12 Metabolism Wikipathways 39 51 (51) 0.00599
Staphylococcus aureus infection - Homo NM_000509;NM_001733;NM_000301;NM_0000

sapiens (human) KEGG 64 57 (57) 0.00907

Capecitabine Metabolism Pathway SMPDB NM_001113755;NM_001025195 5 (5) 0.0152

Capecitabine Action Pathway SMPDB NM_001113755;NM_001025195 5 (5) 0.0152
PPAR signaling pathway - Homo sapiens NM_001643;NM_000040;NM_021009;NM_0000

(human) KEGG 39 69 (69) 0.0178
NM_000412;NM_000039;NM_001002236;NM_0

Platelet activation_ signaling and aggregation Reactome 00477;NM_000509;NM_000301 208 (208) 0.0207
NM_001003;NM_001004;NM_002952;NR_0032
87;NM_022551;NM_000976;NM_021009;NM_0
01030;NM_033251;NM_001031;NM_001402;N

Gene Expression Reactome M_001012;NM_000978 1103 (1104) 0.0471




Supplementary table 7. The pathway related to miRNAs

KEGG pathway p-value #genes #miRNAs
p53 signaling pathway 2.54E-25 32 7
RNA transport 8.37E-23 52 6
Hepatitis B 1.10E-19 49 7
Prion diseases 1.13E-19 11 5
Ribosome biogenesis in eukaryotes 1.25E-17 30 5
Prostate cancer 1.27E-15 32 7
Bladder cancer 1.15E-14 18 6
Colorectal cancer 1.78E-13 23 7
Small cell lung cancer 1.22E-12 28 7
Cell cycle 1.41E-10 35 7
Pancreatic cancer 2.29E-10 25 7
Pathways in cancer 3.30E-10 74 7
Chronic myeloid leukemia 3.30E-10 24 7
Protein export 9.00E-10 11 4
Ribosome 1.99E-09 27 5
Insulin signaling pathway 7.04E-09 36 7
Legionellosis 8.10E-09 19 5
PI3K-Akt signaling pathway 1.92E-08 72 7




Glioma 1.94E-08 23 7

Non-small cell lung cancer 2.97E-08 18 7
Melanoma 3.49E-07 20 7

Epstein-Barr virus infection 5.74E-07 47 7

Protein processing in endoplasmic reticulum 1.99E-06 40 7
Ubiquitin mediated proteolysis 3.21E-06 34 7
Endometrial cancer 5.73E-06 16 7

Viral carcinogenesis 5.31E-05 47 7

Acute myeloid leukemia 5.51E-05 16 6

Chagas disease (American trypanosomiasis) 5.51E-05 25 7
RNA polymerase 1.05e-04 10 4

HIF-1 signaling pathway 2.00e-04 26 7

Influenza A 2.00e-04 37 7

Focal adhesion 3.08e-04 41 7

Herpes simplex infection 4.47e-04 40 7

Lysine degradation 5.56e-04 14 5
Toxoplasmosis 1.28e-03 27 7

Hepatitis C 1.96e-03 27 7
Progesterone-mediated oocyte maturation 2.00e-03 19 7
Aminoacyl-tRNA biosynthesis 2.82e-03 15 4




mTOR signaling pathway 2.82e-03 15 8
Amyotrophic lateral sclerosis (ALS) 2.93e-03 14 7
Citrate cycle (TCA cycle) 4.16e-03 9 4
ErbB signaling pathway 4.46e-03 18 7
Oocyte meiosis 4.47e-03 23 7
Salmonella infection 4.84e-03 18 7

Viral myocarditis 4.88e-03 16 7
TGF-beta signaling pathway 5.18e-03 20 6
Thyroid cancer 6.04e-03 8 4

Measles 6.07e-03 29 7
Neurotrophin signaling pathway 6.31e-03 25 7
HTLV-I infection 6.61e-03 47 7

Basal transcription factors 7.16e-03 11 5
Shigellosis 7.16e-03 15 7

B cell receptor signaling pathway 7.81e-03 17 6
Spliceosome 7.94e-03 28 5

Epithelial cell signaling in Helicobacter pylori infection 1.13e-02 15 7
Adipocytokine signaling pathway 1.51e-02 15 6
GnRH signaling pathway 2.38e-02 18 7
Mineral absorption 2.60e-02 12 6




Butanoate metabolism 2.64e-02 7 5
Pyruvate metabolism 3.96e-02 10 5
Hypertrophic cardiomyopathy (HCM) 4.15e-02 16 7
Transcriptional misregulation in cancer 4.63e-02 34 7

Abbreviations, #genes: number of genes related to this pathway, #miRNA: number of miRNA related to this pathway
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Supplementary figure legend
Supplementary figure 1. Heatmap of compound
Horizontal line indicates ICC related compounds. Vertical line represents the

pathways.

Supplementary figure 2. Heatmap of mRNA

Horizontal line indicates mMRNAs related to ICC. Vertical line indicates pathways.



Supplementary methods

1 Data Normalization

1.1 mRNA/microRNA

“oProcessedSignal” was extracted from the microarray data and was normal-
ized so as to have mean zero and standard deviation of one.

1.2 Compounds

No normalization was applied to the amount of compounds.

2 Principal Component Analysis and hierar-
chical clustering in order to choose PCs for
feature extraction

Suppose expression matrix X is
(xla Loy« 7xp)

where Z; is n dimensional vector. n is the number of mRNAs, miRNAs or
componuds, and p is number of saples, i.e., 32. PCA allows to go from n
points in a space of dimension p(= 32) to n points in a space of dimension
k (number of PCs considered). Each PC is a combination of p variables (p-
dimensional vector); the number of PCs extracted is p. PCA was applied to
matrix X.

prcomp function in [1] was used for principal component analysis and
mRNAs, miRNAs and compounds were separately embedded into low dimen-
sional space. Since there were 16 patients from which two samples (tumor
and normal tissue) were extracted, in total 32 samples of mRNA, miRNA an
compounds expression. Thus, there were up to 32 PCs for each of mRNA,
miRNA and compounds expression. Each PCX (X = 1,...,32) should have
weight C X Jk from jth sample among 32 samples for kth expression (k stands
for either mRNA, miRNA or compounds),

32
PC’XZ-I“C = Z CXfxij

J=1



where PCX?F is PC score of ith probe (i.e., coordinate in the embedding
space) of kth expression and z;;k is the expression of jth sample of ith probe.
CcX jk is also known as PC loadings. Negative signed absolute correlation coef-
ficient — | pﬁgfﬂ(, | between (CX},CX5. ..., CX%) and cx® ox’®, . C’X’g;)
were used as distance for hierarchical clustering. Hierarchical clustering was
performed by hclust function in R[1] with method="average" option, thus
it is Unweighted Pair Group Method using arithmetic Average (UPGMA).

3 PCA based unsupervised FE (PCAFE)

Using PCAFE |2, 3], mRNAs, miRNAs and compounds were extracted. mR-
NAs whose PC1 < —50, miRNAs whose v PC12 + PC22 > 10, and com-
pounds whose | PC3 |> 0.1 was extracted for further analysis.

4 Pathway analysis of obtained mRNAs, miR-
NAs, and compounds

In order to perform pathway enriched analyses, two servers were employed.
For mRNAs and compounds, IMPaLA[4, 5] was used. For miRNAs, DIANA-
mirpath([6, 7] with using Tarbase as target identification was used. For both
servers, files including miRNAs (mature miRNA names), mRNAs (RefSeq
mRNA) or compounds (KEGG compound ID) were uploaded. Enriched
pathways were automatically extracted.

5 Discrimination between ICC, HCC and con-

trols

As done before [2, 3], using extracted mRNAs, miRNAs, and compounds,
we have tried to discriminate HCC, ICC and normal tissues (three class
discrimination problem).

1. 32 samples are embedded into low dimensional space using either ex-
tracted mRNAs, miRNAs or compounds.

2. PC scores (i.e., coordinates in the embedded space) of each sample were
used for discrimination.

3. Using PC scores up to optimal number of PCs, three classes were dis-
criminated using linear discriminant analysis (LDA), where LDA was

2



performed using 1da function in MASS package in R[1] with the options
CV=T, prior=rep(1/3,3).

4. Performance was evaluated by comparing true labels and class vari-
ables obtained by 1da (class variables were obtained by leave one out
cross validation since option CV=T was set).

6 Categorical regression performed for mR-
NAs, miRNAs and compounds in supple-
mentary tables 2, 3, and 4

Categrical regression was performed to each of extracted mRNAs, miRNAs
and compounds as

zi; = Ci+Crecdjrcc+Creco—n1djrcc-nt+Crecdj ncc+Crec—nTdj HOC-NT

and P-values associated with the regression analysis was provided. Here 0, ;
takes one if the j-th sample is equivalent to category a (a represents ICC,
ICC-NT, HCC, or HCC-NT), otherwise it had a value of zero.
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Abstract: Chemical exposure levels in printing and
coating workers with cholangiocarcinoma (third
report): Kenichi Yamapa, et al. Occupational Health
Research and Development Center, Japan Industrial
Safety and Health Association—Objective: This
study aimed to identify the chemicals used by five print-
ing workers and one coating worker who developed
cholangiocarcinoma and estimate the workers’ levels
of chemical exposure. Methods: We obtained informa-
tion on chemicals from the Ministry of Health, Labour
and Welfare, Japan, and estimated working environment
concentrations of the chemicals in printing and coating
rooms and exposure concentrations during the ink and
dirt removal processes. We also calculated shift time-
weighted averages of exposure concentrations.
Results: All five printing workers were exposed to both
1,2-dichloropropane (1,2-DCP) and dichloromethane
(DCM). The estimated maximum exposure concentra-
tions for each of the five workers were 190 to 560 ppm
for 1,2-DCP and 300 to 980 ppm for DCM, and the
estimated shift average exposure concentrations were
0 to 230 ppm for 1,2-DCP and 20 to 470 ppm for DCM.
The coating worker was exposed to 1,2-DCP, but not
DCM. He did not use ink, and thus was subjected to
different conditions than the printing workers. The esti-
mated maximum exposure concentration of 1,2-DCP
was 150 ppm, and the estimated shift time-weighted
average exposure concentration was 5 to 19 ppm.
Conclusions: Ourfindings support the notion that 1,2-
DCP contributes to the development of cholangiocarci-
noma in humans and the notion that DCM may also be
a contributing factor. The finding that the coating worker
was exposed to 1,2-DCP at a lower exposure concentra-
tion is important for determining the occupational expo-
sure limit. Furthermore, the subject did not use ink,
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which suggests that ink did not contribute to the devel-
opment of cholangiocarcinoma.
(J Occup Health 2015; 57: 565-571)
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Coating worker, Dichloromethane, Printing worker

In May 2012, five employees (including former
employees) of an offset proof-printing plant in Osaka,
Japan, were reported to have developed intrahepatic or
extrahepatic bile duct cancer (cholangiocarcinoma)"?.
Subsequently, other employees from this plant were
found to have developed cholangiocarcinoma, reach-
ing a total of 17 individuals by the end of 20127, All
had been exposed for a long term to 1,2-dichloropropane
(1,2-DCP) at very high levels, and 11 had also been
exposed to dichloromethane (DCM)®. The Ministry
of Health, Labour and Welfare (MHLW) recognized
these individuals as having developed an occupational
disease.

After this incident became widely known through
mass media, workers who developed cholangiocarci-
noma at other printing plants filed workers’ compen-
sation claims, with the total number of workers
reaching 76 (excluding the aforementioned 17) as of
May 2015%. By June 2015, 19 of the 76 workers
were recognized as having developed an occupational
disease®. We previously reported that 13 of the 19
employees had experienced long-term exposure to
very high concentrations of 1,2-DCP and/or DCM*®,
The present study aimed to identify the chemicals that
the remaining six workers were exposed to and esti-
mate the levels of chemical exposure using mathemat-
ical models. This study was approved by the Ethics
Committee of Osaka City University.

Subjects and Methods

Subjects
Subject characteristics are summarized in Table I.
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Table 1. Subject characteristics

Employment in printing or coating company Year of Day of
Subject  Birth year . . ) R
Plant Duration Location Scalex! ~ diagnosis  recognition®*
N 1953 T3 1989-2002 Fukuoka Small 2002 Dec 2, 2014
XII 1982—-1983
0 1949 XIII 1983-1986 Aichi Small 1993 Jun 10, 2014
XV 1986-1994
P 1971 XV 19912014 Aichi Small 2013 Jun 10, 2014
Q 1970 XVI 19982013 Tokyo Small 2012 Feb 26, 2015
R 1956 XVII 1981-2011 Tokyo Middle 2011 Sep 11,2014
X 8
S 1958 VIIL  1306-2001 Kyoto Small 2008 Jul 24, 2014

XIX 2001-2005

*1: Small, fewer than 50 employees; Middle, 50-299 employees. **: Day when cholangiocarcinoma was
recognized as an occupational discase. *3: This plant is the same as the plant where Subjects C and D

(described in our previous study®) had worked.

The alphabetical letters N to S were used to identify
subjects, in keeping with the identification scheme
described in our previous reports>®. The subjects
included four printing workers and one coaling
worker who were employed at small-scale plants
(fewer than 50 employees) and one printing worker
who was employed at a middle-scale plant (50-299
employees). Subject N had worked in Plant II (the
plant that Subjects C and D of our previous report
worked at®). The Roman numbers XII to XIX were
used to identily plants in the present study, in keep-
ing with the identification scheme described in our
previous reports*®. All subjects were diagnosed with
cholangiocarcinoma and were recognized as having
developed an occupational disease by the MHLW. At
diagnosis, four subjects were in their 40s, and two
subjects were in their 50s.

Collection of information regarding working condi-
tions and chemicals used

In order to identify the chemicals used and to esti-
mate chemical exposure concentrations, the following
information was obtained from the MHLW: volumes
and ventilation rates of the printing and coating
rooms, types of printing and coating machines oper-
ated by the subjects, components of chemicals used
to remove ink from the ink transcription roll (blanket)
and ink roll of the printing machines and to remove
dirt from the cleaning roll of the coating machines,
and duration of the removal operation. Information
on amounls of 1,2-DCP and dichloromethane (DCM)
used was also obtained from the MHLW.

Estimation of working environment and exposure
concentrations

As described in our previous reports™®, we used a
well-mixed model™® to estimate working environment
concentrations of 1,2-DCP and DCM in the printing
and coating rooms and used a necar-field and far-field
model”® to estimate exposure concentrations during
the removal operation. Furthermore, we calculated
shift time-weighted averages (TWAs) of exposure
concentrations.

Results

Subject N

Subject N was a male born in 1953 (Table 1). He
was employed at a glass production company from
1984 to 1989 and used silica, limestone, and kerosene.
Thereafter, he was employed at the same printing
company as Subjects C and DY from 1989 to 2002
and engaged in offset proof printing at Plant II from
1991 to 1997. He had no other occupational history
of chemical handling. He was diagnosed with cholan-
giocarcinoma in 2002.

Table 2 shows basic information for estimating
exposure concentrations of 1,2-DCP and DCM. Plant
II had two printing rooms. The volume and ventila-
tion rate of Room 1 were 170m? and 1,790 m%h,
respectively, and those of Room 2 were 180 m* and
1,100 m%/h, respectively. Local exhaust ventilation
was not installed in the printing machines.

1,2-DCP and DCM were used to remove ink from
blankets from 1991 to 1992; 1,2-DCP, DCM, and
mineral spirit (MS) were used from 1993 to 1995; and
1,2-DCP, DCM, 1,1-dichloro-1-fluoroethane (DCFE),
and MS were used from 1996 to 1997. Kerosene and
mineral oil (MO) were used to remove ink from ink
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Table 3. Estimated working environment concentrations of 1,2-dichloropropane and dichloromethane in printing and coating
rooms, and exposure concentrations during removal of ink or dirt and shifl time-weighted averages (TWAs)

Calendar year Printing or coating room Removal operation Shift TWAs
W ' of engagement ing
Subject. Planl 5 intingor g, 12DCP DCM Printing or coating Duration 1,2-DCP DCM “I:::::D 1,2DCP  DCM
coating © (ppm)  (ppm) machine (h) (ppm)  (ppm) ) (ppm)  (ppm)
19911992 28 43 170 270 74 120
1 o
N T 1993-1995 29-32 4s—sp latbed offset 3 170-220 270-330 9 75-94  120-140
(proof-printing)
1996-1997 2 55-78 15 250-370 77 120-170 35
XM 1982-1984 3
1983-1984
o Xm——— 4 Flatbed offset 1.8 10
1985-1986 170 250 (proof-printing) 340 520 200 300
XIV  1986-1994 5 160 240 560 850 230 350
19911997 130 200 210 320 160 240
1997-2002 0 370 33 0 600 0 440
. xv 2003-2005 ] 130 240 Flatbed offset 210 400 0 160 300
2005-2007 86 160  (proof-printing) 280 530 130 250
2007-2011 0 300 2.5 0 950 0 470
2011-2013 0 260 0 850 0 410
1999-2010 13-42  20-64 160-190 250-300 25-65  39-98
7
2010-2010 7-20  10-32  Fabed offset 83-94  120-150 13-31  20-49
Q  XVI o 0.8-1.3 9-9.5
2010-2012 14—42 21-66  (proof-printing) 130-140 190-220 24-57  35-90
8
2012-2013 == - — — — —
1981-1988 9
1989-1993
10
1993-1999 0 2857 25-375 0  640-850 0 190-370
R XVII Rotary offset
19992000 11 0 99 2.5 0 980 0 330
9.5
2000-2001 0 56 2.5 0 820 0 260
12
2002-2003 13 36 2.5 190 530 59 170
XVIT  1996-2001 13 11 0.5 150 0 19 0
S Coating machine 9
XIX  2001-2003 14 1 0.5 7 0 5 0

NI, no information; 1,2-DCP, 1,2-dichloropropane; DCM, dichloromethane.

rolls. The amounts used in the printing rooms were
230-400 g/h for 1,2-DCP and 56-310 g/h for DCM.
The amounts used during ink removal were 330-630
g/h for 1,2-DCP and 100-500 g/h for DCM.

Table 3 presents the estimated concentrations of
1,2-DCP and DCM. The working environment
concentrations in the printing room were estimated Lo
be 28-78 ppm for 1,2-DCP and 15-50 ppm for DCM.
The exposure concentrations during ink removal were
estimated to be 170-370 ppm for 1,2-DCP and 77—
330 ppm for DCM. The shift TWAs (9-h TWAs) of
the exposure concentrations were estimated to be 74—

170 ppm for 1,2-DCP and 35-140 ppm for DCM.
Subject N did not use respiratory prolection.

Subject O

Subject O was a male born in 1949 (Table 1). He
was employed at a printing company from 1977 to
1979 and used DCM for the ink removal operation.
Thereafter, he was also employed at another small
printing company from 1982 to 1994 and engaged
in offset proof printing at Plants XII, XIII, and XIV
throughout his employment. He had no other occu-
pational history of chemical handling. He was diag-
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nosed with cholangiocarcinoma in 1993.

Each of Plants XII, XIII, and XIV had one printing
room. The volumes of Rooms 3, 4, and 5 were 210,
240, and 130 m? respectively (Table 2). Although
venlilation fans were installed in these rooms, the fans
did not run during working hours. Consequently, the
number of ventilation was assumed to be 1 h™ by
natural ventilation, which led to ventilation rates of
210, 240, and 130 m%h, respectively (Table 2). Local
exhaust ventilation was not installed in either of the
printing machines.

1,2-DCP and DCM were used to remove ink from
blankets from 1985 to 1994, and kerosene and MO
were used to remove ink from ink rolls. The amounts
of chemicals used in the printing rooms were 90—
180 g/h for 1,2-DCP and 110-210 g/h for DCM. The
amounts of chemicals used during ink removal were
260 g/h for 1,2-DCP and 300 g/h for DCM.

The working environment concentrations in the
printing room were estimated to be 160—170 ppm for
1,2-DCP and 240-250 ppm for DCM (Table 3). The
exposure concentrations during ink removal were
estimated to be 340-560 ppm for 1,2-DCP and 520-
850 ppm for DCM. The shift TWAs (10-h TWAs)
ol the exposure concentrations were eslimated to be
200-230 ppm for 1,2-DCP and 300-350 ppm for
DCM. Subject O did not use respiratory protection.

Subject P

Subject P was a male born in 1971 (Table 1). He
was employed at the same printing company as
Subject O from 1991 to 2014 and engaged in offset
proof printing at Plant XV from 1991 to 2013.
He had no other occupational history of chemical
handling. He was diagnosed with cholangiocarcinoma
in 2013.

Plant XV had one printing room, which had a
volume of 350 m? (Table 2). Although ventilation
fans were installed in the room, the fans did not run
during working hours. Consequently, the ventilation
rate was assumed to be 350 m*h.

1,2-DCP and DCM were used to remove ink from
blankets from 1991 to 1997, DCM and MO were
used from 1997 to 2002; 1,2-DCP, DCM, MO, and
nonane were used [rom 2003 to 2007; DCM, MO,
and nonane were used from 2007 to 2011; and DCM
was used from 2011 to 2013. Kerosene and MO
were used to remove ink from ink rolls. The amounts
of chemicals used in the printing rooms were 0—
210 g/h for 1,2-DCP and 240-450 g/h for DCM. The
amounts used during ink removal were 0-280 g/h for
1,2-DCP and 240-720 g/h for DCM.

The working environment concentrations in the
printing room were estimated to be 0-130 ppm for
1,2-DCP and 160-370 ppm for DCM (Table 3). The

exposure concentrations during ink removal were
estimaled to be 0-280 ppm for 1,2-DCP and 320-
950 ppm for DCM. The shift TWAs (10-h TWAs) of
the exposure concentrations were estimated to be 0-
160 ppm for 1,2-DCP and 240-470 ppm for DCM.
Subject P did not use respiratory protection.

Subject O

Subject Q was a male born in 1970 (Table 1). He
was employed at a printing company from 1994 to
1998 and used a small amount of DCM for blanket
repair for onc year. Thereafter, he was employed at
another small printing company from 1998 to 2013
and engaged in offset proof printing at Plant XVI
from 1999 to 2013. He had no other occupational
history of chemical handling. He was diagnosed with
cholangiocarcinoma in 2012.

Plant XVI had two printing rooms. The volume
and ventilation rate of Room 7 were 250 m* and
600 m?/h, respectively (Table 2). The volume of
Room 8 was 290 m*. Because a ventilation fan was
not installed in Room 8, the ventilation rate was
assumed to be 290 m¥h by natural ventilation. Local
exhaust ventilation was not installed in the printing
machines.

1,2-DCP, DCM, DCEFE, and trichloroethylene were
used to remove ink from blankets and ink rolls from
1999 o 2010; 1,2-DCP, DCM, DCEFE, trichloroethyl-
ene, toluene, xylene, hexane, and kerosene were used
from 2010 to 2012; and thereafter, 1,2-DCP and DCM
were not used. The amounts of chemicals used in
the printing rooms were 19-120 g/h for 1,2-DCP and
21-130 g/h for DCM. The amounts used during ink
removal were 110-260 g/h for 1,2-DCP and 130-300
g/ for DCM.

The working environment concentrations in the
printing room were estimated to be 7-42 ppm for
1,2-DCP and 10-66 ppm for DCM (Table 3). The
exposure concentrations during ink removal were esti-
mated to be 83—190 ppm for 1,2-DCP and 120-300
ppm for DCM. The shift TWAs (9 or 9.5-h TWAs)
of the exposure concentrations were estimated to be
13-65 ppm for 1,2-DCP and 20-98 ppm for DCM.
Subject Q did not use respiratory protection.

Subject R

Subject R was a male born in 1956. He was
employed at a jewelry goods production company
from 1972 to 1977 and used sulfuric acid to remove
contamination from gold. Thercafter, he was
employed at a middle-scale company from 1981 to
2011 and was engaged in offsel printing at Plant XVII
from 1981 to 2003. He had no other occupational
history of chemical handling. He was diagnosed with
cholangiocarcinoma in 2011 (Table L).
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Plant XVII had five printing rooms, and Subject R
worked in four of the rooms. The volumes and venti-
Jation rate of Room 9 were 440 m® and 12,000 m/h,
respectively; those of Room 10 were 510 m* and
9,540 m'/h, respectively; and those of Room 12 were
710 m* and 1,620 m¥h, respectively (Table 2). The
volume of Room 11 was 910 m®. Because a ventila-
tion fan was not installed in Room 11, the ventilation
rate was assumed to be 910 m*/h by natural ventila-
tion. Local exhaust ventilation was not installed in
the printing machines.

Before 1993, 1,2-DCP or DCM were not used in
any of the rooms. DCM was used from 1993 to
2001, and 1,2-DCP and DCM were used from 2002
to 2003. Petroleum solvent was used to remove ink
from ink rolls. The amounts of chemicals used in the
printing rooms were 0-96 g/h for 1,2-DCP and 200-
1,880 g/h for DCM. The amounts used during ink
removal were 0-370 g/h for 1,2-DCP and 780-1,600
g/h for DCM.

The working environment concentrations in the
printing room were estimated to be 0—13 ppm for
1,2-DCP and 28-99 ppm for DCM (Table 3). The
exposure concentrations during ink removal were
estimated to be 0-190 ppm for 1,2-DCP and 530-
980 ppm for DCM. The shift TWAs (9.5-h TWAs)
of the exposure concentrations were estimated to be
0-59 ppm for 1,2-DCP and 170-370 ppm for DCM.
Subject R did not use respiratory protection.

Subject §

Subject S was a male born in 1958 (Table 1). He
was employed at a gas station for about half a year
in 1986. Thereafter, he was employed at a small
company manufacturing IC cards from 1996 to 2005
and engaged in coating plastic plates with an adhesive
compound and antistatic additive at Plants XVIIT and
XIX from 1996 to 2003. He had no other occupa-
tional history of chemical handling. He was diag-
nosed with cholangiocarcinoma in 2008.

Each of Plants XVIII and XIX had one coating
room. The volume and ventilation rate of Room 13
were 510 m* and 300 m¥/h, respectively, and those of
Room 14 were 160 m* and 1,650 m*h, respectively
(Table 2). Local exhaust ventilation was not installed
in the coating machines.

1,2-DCP and DCFE were used to remove dirt
from the cleaning roll of the coating machines from
1996 to 2003. Toluene was used to remove dirt from
press machines. The adhesive compound contained
ethyl acelate and toluene, and the antistatic addi-
tive contained methanol and iso-propyl alcohol. The
amount of 1,2-DCP used in the coating rooms was 8-
16 g/h, and the amount of 1,2-DCP used during the
dirt removal operation was 140 g/h.
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The working environment concentration of 1,2-DCP
in the printing room was estimated to be 1-11 ppm
(Table 3). The exposure concentration of 1,2-DCP
during dirt removal was estimated to be 72—150 ppm.
The shift TWA (9-h TWA) of the exposure concentra-
tion was cstimated to be 5—19 ppm. Subject S did
not use respiratory protection.

Discussion

We used two models to estimate working environ-
ment concentrations and exposure concentrations
during the ink removal operation. However, because
these models cannot completely express the actual
exposure conditions, the values reported herein should
be considered crude estimates.

Subjects N, O, B, Q, and R were exposed to both
1,2-DCP and DCM during offset printing. The esti-
mated maximum exposure concentrations for each of
these five printing workers werc 190 to 560 ppm for
1,2-DCP and 300 to 980 ppm for DCM, which were
similar to those reported for eight printing workers
exposed to both 1,2-DCP and DCM (Subjects C, D,
E, F G, H, I, and I) in our previous reports™® (230
to 620 ppm for 1,2-DCP; 58 to 720 ppm for DCM).
The estimated shifl average exposure concentrations
were 0 to 230 ppm for 1,2-DCP and 20 to 470 ppm
for DCM, which were also similar to those reported
previously>® (0 to 240 ppm for 1,2-DCP; 0 to 270
ppm for DCM) but lower than those reported for
workers from the Osaka offset proof-printing plant® (70
to 670 ppm for 1,2-DCP; 0 to 540 ppm for DCM).

Subject S was engaged in coaling plastic plales
with an adhesive compound and antistatic additive and
was exposed to 1,2-DCP when removing dirt from
the cleaning roll of the coating machines. The esti-
mated maximum exposure concentration of 1,2-DCP
(150 ppm) was similar to those of the above printing
workers with cholangiocarcinoma, but the estimated
shift average exposurc concentration (5—19 ppm) was
lower, which is an important finding for determin-
ing the occupational exposure limit as an 8-hr time-
weighted average. Also noteworthy is that Subject
S did not use ink. Because all other workers had
used ink, we could not make a definitive stalement
that pigments included in the ink did not contribute.
However, this finding would suggest that pigments are
not causative agents of cholangiocarcinoma.

Conclusion

Five of the six subjects analyzed in this study were
exposed to both 1,2-DCP and DCM in offset printing,
and the estimated exposure concentrations were simi-
lar to those in previous reports. Our findings support
the notion that 1,2-DCP contributes to the develop-
ment of cholangiocarcinoma and the notion that DCM
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may also be a contributing factor. The other subject
was exposed to 1,2-DCP in IC card manufacturing,
bul his estimated shift average exposure concentration
was lower than those of the printing workers, which is
an important {inding for determining the occupational
exposure limit. Purthermore, the subject did not use
ink, which suggests that ink did not contribute to the
development of cholangiocarcinoma.
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The cholangiocarcinoma developed in workers who are exposed to high concentrations of 1,2-dichloropro-
pane and/or dichloromethane for a long term in the printing company is now recognized as “occupational cho-
langiocarcinoma” by the Ministry of Health, Labour and Welfare of Japan. Some patients with the occupational
cholangiocarcinoma visited hospitals because of complaints such as abdominal pain or jaundice and other pa-
tients were diagnosed on further examination after regular health examination revealing abnormal findings on
either laboratory tests or ultrasonography. On the diagnostic imaging, space-occupying lesions, stenosis or ob-
struction of the bile ducts, dilatation of the peripheral bile ducts due to tumor-induced stenosis, and regional
dilatation of the intrahepatic bile ducts without tumor-induced stenosis were observed. The main tumors were
mass-forming type intrahepatic cholangiocarcinoma, intraductal growth type intrahepatic cholangiocarcinoma,
and papillary-type extrahepatic cholangiocarcinoma. At the various sites of the bile duct, chronic bile duct in-
jury and precancerous or early cancerous lesions such as biliary intraepithelial neoplasia and intraductal papil-
lary neoplasm of the bile duct were often immunohistochemically positive for -H2AH. These findings indicate
that the cholangiocarcioma might have developed from the chronic bile duct injuries with DNA injuries into
precancerous or early cancerous lesions, and eventually developing into invasive cholangiocarcinoma. Known

risk factors for cholangiocarcinoma were not found in the patients with occupational cholangiocarcinoma.
(JJOMT, 64: 1—5, 2016)
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Wi s h, IEFMCERER AR ORIRER
BEDREIE 2 B0 L 22 AR S s, R
EETOHE - MERE LTHELME IR TY
5%,

bivbiud I s OIEDNC, FIREESH
SR TRAE L /2 ITPTER SIS IB A\ LT, Alvmi
Pkl L O bSO s & AT AR I O
I % iid7, 33 4 HAEFRFEAAT L O B AR & R
RT3, BREMIRERE IO T 2 R EHRD
RERZ WML 5.

1) HOIREE K B s R
2) B RIERN A AR I S
3) ARSI

4) KIEH TR BRI AL

(=R

S 42 5%, B

FEFF o HE.

FKIEEE © Feiogdim s L.

BETERE 30 BECHA FE-E T FH. 40 AR
H A

AEHRIEE ¢ B 20 A/ H x 21 4E. HIEEIE (1 H
1HARLF)., TLF—iL.

WHBMRAI R T0E & RS - HE R
FRELRDL CAIOILEMER LTV
(Table 1). HBs HulibatE, HCV HifkbaiE.
TLAE © 1989 4E 4 H A HFEIM 3 H % L,
2011 4E 3 A F CTH — O BRE CEIR LR 1ESE
CPEF LT, 2011 4 12 AR & B
FHELEER %% Lz WEENEOBK T,
BFEMEORERZLEL L2 Mo ke
TOMFEZ HE L MBAAL o7z BEEHEALS

Corresponding author : H)ll  Z£ (kein_h11@surgl.med.tchoku.acjp)

(105)

Presented by Medical*Online



1342
Table 1, LGE2#)EE0E AL AT R

WBC 4500 7l T-bil 124 mg/dl

Hb 164 g/dI D-bil 9.1 mg/d!

Plt 2375 /U ALP 1311 U/
yGTP 1254 U/I

PT 120 LLE % AST 502 U/l

0.85 INR ALT 839 U1

APTT 30.2 sec LDH 365 U/I
ChE 292 U/1

BUN 15 mg/di

Cr 0.8 g/dl Tp 76 g/dl
Alb 4.2 g/dl

Na 138 mEq/I

K 38 mEg/! CEA 2.5 ng/ml

Cl 101 mEq/! CA199 8870 U/m!

Figure 2. ik

MRIFER  a: MIRAGHS VR IRRIT R, b K

O ARdbE R #1128 H75

Figure 1. W{PER CT HrlL /oA &t » o =5

HWEICA T, MR E L L L) BORELILE L

M"IRA AL o gkas % F 7.

PIMESE R & R 72,

ps I % (DWD) CIEIRATER 5Tl S e,

PIRLTHIAT L 7= WHAE 750 o0 LIk A= M C IR % 72
%, JFPMFRFERIEEE & B L.

CT « MRIFr 5 (Figurel, 2a, b, 3) TR=
AR S AN E S b7z A B d

WA &b T FoBEIUIEL & NGRS % 0, RifR
X 38 23 I 3P A2 1 25mm K o0 Jif 9 A ¥ % R D

7o, WESCHPMIRO M2 % @, PET THiE X
maximum standardized uptake value (SUVmax)
100 D EFITHEE B LTz (Figured). Bhp
T4b NO M0 Stage IVA  (JIEFIRCBE (556

(106)

%)) (Bismuth IV) &L 7.

Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) T RIHtn$k72ir i Td o 7297,
fee & b R OIS & IR ORI R &
b Hr o 72 (Figure 5). Endoscopic ultrasound
(EUS) THIFMERAAE 2 & R HRE IS AT T D
JRAS BN & % 7z, Intraductal
phy (IDUS) - peroral
AT L dr o,

A4 1188ml & s, W&o ICG

ultrasonogra-
cholangioscopy (POCS)
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Figure 3. Magnetic resonance cholangiopan-
creatography (MRCP) TR : =& &0 » 56
T/ F ColnE TR,

Figure 4. PET & @ Wi ic—3% L € SUVmax 100
DR, R A HED WA & T v,

kfli1Z 0168 Td - 7z, WA ARLE - BIRE
bIig - IFAHIBE DI B Asu] g & Hlle, ATy
ERIFEENT3Im (2D 62%) ©T a ikt
ICG f%# (ICG Krem) #70104 CTHYH, Fi
Ml T ae & T L 220, SR CHTT L CTw
LU0 EEINAS S LR A AT L O R e R O
MEERABIC W THI, BN EZEL (T
IR R 2 Wil LR Rk OB & %
Sk DM F -5 110 3Bk © UMINO000017564). 7
o b a—icllo T, HALES 45Gy (1.8Gy x 25
) & Gemcitabine (GEM) 600mg/m® (2 4% 1

(107)

1343

Figure 5. ERCP Fr i : KM oA LR
i b,

o4 @) & Lz b S RO R R & M7 L
7= (Figure 6). WCT# IS S CT THE L
TR ) LW S B 2 Uk L7z lem = —
VrEiRY, 6T ZREREECRS TS X
INBEDREEE LTREL, RFRLTEREO
LEWEMRTE S LD BEHREEE e L2
(Figure 7).

FHHTR © PURGEOHAEIZL Y, AEOEHM
MHFETH -7z MIRATEOIF T OEE L Wi &
iR A Uz, IFEIMERGEAT LAy btz iy < IR ag
Wi et 2 FERE L /-, BIRRI-J &L 405 T, Bhp
sT4b sNO sM0 sDM0 sHMO sEMO sPV1 sAl sRO
Stage IVA OFWBWITH -7z, THIEFR 1L 778
Gy, HILE L 1600m] C 1 i e i o B i LAY LS
i 2 BB Lo

SRELH A S AR HL © Bhp, cire, adenocarci-
noma (tub2>>tub3), pT2b(se), sci, INFy, lyl,
v2, ne3, pN1 (1/18), pDMO0, pHMO0, pEMO,
pPV0, pA0, RO, ¢MO0, StageIIIB (IBH50CH
WHLE (556 iR)).

ML aHEREE O REH e, KE - TR
57¥ Grade 1IB (BRFF % BEBMINE AT 1/3 i)
Tdh -7 (Figure 8a). FfRiEEBOFEAY L L
IR E o M R B o, TR oR
WIS X AN N PR E, HIEE TRt
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Day1 Day8

Gemcitabine ﬁ i

HAEImESHES 51125 B74

Day 22 Day 29

{

il 1 222N

i Gemncitabine 600mg/m?2 231k

5@!:‘@

o aRe
(FRatidm 45Gy)

1.8GyX25@

Figure 6. H#¥iii{b B #EH: O regimen.

Figure 7. BURHRBEEE.

HEIL 2320, EEMROFEEFRE S ko7
(Figure 8b). MZRICHEBEERIFHETH - 2
RS A L RO RS RIF B8 2 R L7z
EEZTWVD,

m&ﬁﬁ FEREAE O JE K % RO IR % B

c MR R D B L ASHUR SR I Tl Ly
7& 49 H ¢iB & % - 7z (Clavien-Dindo Grade
11).

A2 1T GEM 1000mg/m® D AlBI#H S ia L
TS, WFPRERRANIC LB, R LT b ki R &
&Y, 5EES (iS5 E 7820mg) CTHILL
7=, PAFES-1 100mg/body @@ H G- 2 E A,
% Rk A AN L 2t v b o — vk
T, KAOHLEZZE LTI EMORREE T s
L. S1 100mg/body @ 2 HHHE « 1 EKRIE % Jili
TLTwA (Figure9).

W

(108}

n £ £

1991 4E2 5 2012 SE F T2, LECRHE LW
ﬂ%%n@ﬁﬁk%ﬁ%ht%%m&SMT%
D, SERIX IS 6 88 % (kM 69RE) TH
PAT401 B, 224 CTH L. D) H 50K
KT AREG % EAT 28 EH (A%)DATH Y,
H AR P Tk 50 me ok i 0 RS D JE4E - LTI
MO TLRVEHEISNTWLDLREKRTHS.

AREFIL 1989 4 4 H HEIRIA R L —% =L
L CENRIEERTICEB L, 4 7€y MERIORKIE
FHMLTW, BERHEIIZLH 6 NMEET
300 5 800 DFRIE TREEZ T - 72, WIHITI
4 HEOHREIFRESRTBY, 2 7a2Edds
FIRREEO L WRET C2011 43 HoRI
TEHE LT B L G RMoEESICH
FEFALTWED, TAZIELTwEd ol
7%y FERlOW— 7 —HirR E2EHL, 4
ez TROERRHE LTlL2 Y sauso
2% ¥ (1,2-dichloropropane : DCP) % 90% M. L
HHEABHHAI TV, YEOHERTIEA
FEGI LSS, ) URH CEsE L Cniz 30 At
PRV & IEEHIFAE & D T A, LRI ThE
TdHo7=h 2014 9F 2 HiZkIRE T W H",

DCP &, b2 & g8l g — MRy
WEB & UMb BN ORE SR AL R 25— Filid
FALEWEE LTRESINTWAS, HEEBLY
Hilid S ELHIIT E A EEAITIIL S, HFBLC
£ WA TN, 65% RS ENR L. <
% A DG B TR HE TR O 54
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o iy e

Figure 8. #MTE  a: HE et (x40). MRS R, IR (s o L9 W &

A, b itsE G (<40). AiPIREAZPEE (<) £ THMHLEZO L.

CA19-9
(U/m G Ep/Radiation
14000 =
e
O‘Jeration
12000 *
10000 /
GEM S-1
8000 E X —_—
6000
4000
2000 i
NI ¥ NN .
20114698 20126838 2012891 2013538 201389 2014438 2014598

Figure 9. HiEM E CA199 O

EAS L AH LR ST WA, DCP ol &
IO 2 MR SN E > THESTY, H
Bpyic o Fcr FoIEEER e L CGEIZAS
-4 (Not classified as to its carcinogenicity to hu-
mans (group 3) : International Agency for Re-
search on Cancer (IARC) @43#) & ShT&
7z, L L, Ao BhahEes & AT SEE O HUL
5%, MW E L LT (Carcinogenic to hu-
mans(group 1)) i &b &k H & - 72", DCP
B a b A L 22 FDRIERE S B A B 4 T
FRESE & LT, AGER] & & AR T 2014 4

(109)

10 H Ol 25T 34 ADSr SRR 2 2 Tw 5.
FI ST C 364k L 72 IS O JR AL 57 1 4 s
/TR, 13 PlepCRMMEREDIREH LD &
N, St st ch o7z B51Z, FHT
VINT RIS R A PP S O 28 % B 7, I A
ORI CIAS I LR N L < I IRAS R Y
AR MR 2 & i, AT BRI &
Wded &b &) WAL DGR B Iz Ll &
NTW5, AEFIOFRLEHIFHOBGEIZ B W T
W&, WAL RO AR HGAT U 7 MR E 1)
Ttk FE DN e il & ZEEAIERI 013
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EAEOBICEZT SN TED,
AN TORGIEHEETH - 72, FHEPNFIIDLT,
IRAS (g & L C/ARERIIAS A5 2 L 72 1" IR 1 <2
HRAS 8 O Hr 2 MR & O TH D, BIREH
BRSO E LTCPHLEWITLERTWAS,
A9 () T, biliary
(BilIN) # intraductal papillary neoplasm of hile
duct (IPN-B) @#fblids £, UIBREEANIZIZS
L SENE 2 3 LT MRS B v o 7o

MECIE, W HENHAE A BRI IEZE & Ll
HiAL S gk 2 i r L < b, RAfZ4 RO U
B A I L, IHAESE R AT oo S 2SI S
B AR T CT TS A i MIIRES
WA R L Twicbdb e, UIREART
(il PR A R DR L2 2 AR AL % 5200 B o A Tl 0
AP R S e o 7.

WHL T Ol R OINAFEZ AT B AL MU R
HOUBREATIE, 32 A ETTORRTHI
Redds - EUHHL S Y — OISR STV S
CAAL - F ML o) 9 PILALAE 2 1 &) el o Sk aet -
Grade 1I) 7%, AHEHIT D ALFROF#HHEIC X D
2/3 VL L OHEEAEME L T B (Grade TIB).

CNE T, RSP L RO G ITE R B TR
R NAT L22AER D G 2R T WA, T
WU B & mi i & U 7oA RO S o i 1T i &
0, LSRR L UIBREEAR A & R B LA
AT HETH - T AIERNT, BEENIC X DI
VLIRS AL A O G Ch D 2 &S
AL ANHGIE T & 2 UL TH 5.

# B

LA FEHE O W IR AU HA VAL WO A he i
B HGE T A AT L7, el St A i £
Tdhd I EMMWIL, #RE L ORI
b B AL A WO e i 0 Z83) % 9o BAF LTl
PR B VIR A IR 2 1 .

BAE, IR 33 4 A MRS A7 1 T d B A,
TEIE725 0 ¢ 7 BB IE i O ] fiETE 2 5, Sri%
LM ETEE L TV ELW,

N2 ET e

&

intraepithelial neoplasia

oh

PR

A LA WIS 2 ¥ 8 ORI
C L

(110)

—

2

3

4

5

6

7

8)

9

10

-

4

LA LR MRs w1128 87

X M
Kumagai S, Kurumatani N. Arimoto A, et al: Cho-
proof-
printing workers exposed to 1.2-dichloropropane
and/or dichloromethane, Occup Environ Med 70 ;
508-510:2013
AT () : TR Ry Tag 71 L 72 AY A @
Fs AN B B ] al g, (e e
W B MRS A BB & Y RIZ DV T~K
PR R 4 (Al & O Bad ~, 2013
AR IE = PR DO, o E R )
BT A A 2 g it - A 2o A . 1
A E RS Rk 111 500-509 2 2014
WIS, YO0, Bk, b =eikiE 1CG
e (ICG Krem) 12 X B 0TI FSIMASHE i pir T
PG, IGE 22 500-506 : 2008
Katavose Y, Rikivama T, Motoi FF, et al: Phase 1

langiocarcinoma among  offset  colour

trial of ncoadjuvant chemoradiation with gemcit-
abine and surgical resection for cholangiocarci-
noma patients (NACRAC study). Hepatogastroen-
terology 58 ; 1866-1872 : 2011

BETE e B ARV, MEACEHL b PR 2 Rl
P TE 2 A0 T DN e L@, NGE 28
696-702 : 2014

National Toxicology Program:NTP Toxicology
and Carcinogenesis Studies of 1.2-Dichloro-
propane (Propylene Dichloride) (CAS No. 78-87-5)
in F344 /N Rats and B6C3F1 Mice (Gavage Stud-
ies). Natl Toxicol Program Tech Rep Ser 263: 1-
182 : 1986

AL, P —, BniEin, b fbast i
AR L eI S 2 ML 0 A H =X
L, MEEE 34:461-464 : 2013

Kubo S. Nakanuma Y, Takemura S, et al: Case
series of 17 patients with cholangiocarcinoma
among yvoung adult workers ol a printing com-
pany in Japan, ] Hepatobiliary Pancreat Sei 21 ;
479-488 : 2014

Benbrahim-Tallaa L, Lauby-Secretan B, Loomis
D. et al: Carcinogenicity of  perflluorooctanoic
acid, tetrafluoroethylene, dichloromethane, 12-
dichloropropane, and 1,3-propane sultone. Lancel
Oncol 15;924-925: 2014

AL TT = R s Ao NN 1F < R ([ D)
Wi a E b szt i (NACRAC) 12 & 2 e iliilil
o i, 2 AL 36 2009-2011 : 2000
[ rO 8 | Y 11 (IR 111 76 €
FORe WP ORI (GRIEI3 WY lIK ettty d e R
Loy ORI & D R e DAL SR
52 ;420424 : 2011

LR T Y ok S PTG | B S (1 (TN A
AMGEAA SO ] Neoadjuvant chemora-
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diation therapy = & A JHERIGHEO KA, I - e LI FERA BRSSO Sl H L 57 Y
M- 62;1113-1119: 2011 HEShAMNEHO 1. HAFELE WSS
14) Shimosato Y. Oboshi S, Baba K:Histelogical f 111;2346-2354: 2014

Evaluation of Effects of Radiotherapy and Che-
motherapy for Carcinomas. Jap J Clin Oncol 1:

19-35:1971 TR, 20144212 H 80
15) BER ek, DEM 96 4W K A ETRIELC 2W, 20154 2 B8 H

Occupational cholangiocarcinoma in a printer that responded
to neoadjuvant chemoradiotherapy

Kei NAKAGAWA, Yu KATAYOSE", Kazuyuki ISHIDA®, Hiroki HAY ASHI,

Takanori MORIKAW A, Hiroshi YOSHIDA, Fuyuhiko MOTOI,

Takeshi NAITOH?, Shoji KUBO* and Michiaki UNNO”

" Division of Integrated Surgery and Oncology, Department of Surgery, Tohoku University, Graduate School of Medicire
# Depariment of Molecular Diagnostic Pathology, Iwate Medical University

¥ Department of Surgery, Tohoku University, Graduate School of Medicine

" Department of Hepato-Biliary-Pancreatic Surgery, Osaka City University Graduate School of Medicine

A 42-year-old man working at a printing company was referred to our hospital for examination and treat-
ment of icterus. We diagnosed resectable hilar cholangiocarcinoma and provided neocadjuvant chemoradio-
therapy, extended right hepatectomy, and extrahepatic bile duct resection. A detailed history revealed that
he had used 1,2-dichloropropane as part of his work as an offset colour proofprinter, and he has subse-
quently been recognized as having occupational cholangiocarcinoma. He has survived without recurrence
for more than 2 and half years since the liver resection. In the present report, we describe our valuable expe-
rience of neoadjuvant chemoradiotherapy for occupational cholangiocarcinoma.

(111)
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<JEHIRE >

BB & 20%5% 972~977 (2015)

ENRISEE) % % 5 5 IS 3E L 72 FRIHESE O 1 6l

AF =Y N ou
N D 47

AR E=S
wiE R S

(ELF SIS % N SR
E—= JH #EY AR BBV

BE 47 %, B 124EMEPRIEICRERE L Twi. LEHEOEEOOMEL %2 LB
JFAIEE % 3, YBHEMN L ko7, BRI TIRERBESERD ) ¥ 3 HER 2 380 2 FiliA
WG 72 FFAIEAEHE & W S 7z, CDDP +5-FU #8352 A7 L 7223368, TR WIS THEREIA
B L 7o o 72k, EREA B A = RSEIBRAT DS T S MR OEITIC L DT L7z, 8
FRAEATIE S6 & S8/4 @ 2 APTICREE 7 2, 70 2 DOEE R DR |2 Biliary intraepithe-
lial neoplasia 2578 bz, S EFRA 1, 20 FE7ICHEER L 72 ARBEREREG) 1 ENRIE B B 08
BPFEL TV XN EE 2 M THET 5.

RO|HFE: HAEER  ERIE

i

WESCEFRER U CEHEREIC L) SSERE D
WART HHBRTVFHRE SN TWEY?, i, RIEFD
RIZEFEDERFH BT 5 HE R OFRREF AR E S hYY,
YruniAyy(DCM) % 1,2-Y 7 unrnusi (DCP)
DORFIHE, Bi=EREFREEHEE SN TS, B
Tid, BEAFBHEICL T, Thb0BEEIImEN
JREHE L BB STV AY, EHBIE, £ 20 FERicHE
B U 7= 2544 0O JiF PO TS R B 0 S\ DRI 26 36 5 JiE
BEEL T EBHLPIC R o720 T, TOFEM
DG L L DI EE LT 7.

E

JEGIE 47 %, Bk 4RERETH o7 LEHEDS
HIR L 72 20RO NIRIE Z IH L 7zt e 3, 1R 4
ICHADPEE~ERE Lo EL S L. Bk
T X OMEE CT 2B W THF S6/8 12 5em KDJi#
RO 6N, FHIEEE EDLDN-OBEBNIC
MR & otz FIRETIR, BARHEILO 7 HFE

il

DR - BEVR
2 KB SR SRR R SR 4
9 I K R 5 S R i R R 2

DU R EE R 2 P T TR A R o
At H PR 26412 B 11 H
HHA ER27ES5H1H

. ENEEREERV R EFEEE LT3R
20 A/ H % 28 £ 4TV, SKIE RS RIERE Ch o
o ERE LCHESZ0 1 » e coat 124
BOEEDRIZE i L7z, kiR KRP Th o7, #
HOMEIZEL D, Z£0HRZEES T DCM % DCP
PMERHSN, BEEIENLOOBBEREL STV
CEMHEEIN TN,

REFRR

o AMRRILERA © ALP : 1164U/L, yGTP : 346U/
L LEREEO EARRED S/z, CRP : 51mg/dL
L PERSO ERA AR ST ICC5 4l 55% & IE
HHTHo7. CEA I 112ng/ml & EH L TWzAS,
CA1991X33U/mL L IEEMETH » 7= (£1). HBs
PR B L O HCV iRk EETh - 7-.

o JEEREEE TR ¢ JF S8/4 12 halo 247 3em A®
WRFESBEROMERE S (K 1A), S6 ICERAHE KT
a—EREARS b (R1B). # RIS PR
(P6) X SN drodz. Tz, FFMERICEHONEKX
L7210 Y RiHsiRed bz,

o JEER CT MASIT R © A% L. S8/4 fFEm I 2-
3em KOEWIL 2 JERE AR b/ (B2A). I S6
12 b % 5-6cm OARIRINPEIER 254 &, JEEEBG D A
AR Sz (M 2B). P6 ~OJfiE 0T R & ik
L7z RS S50 bz, #8, 9, 12, 13
SEIMD ) ¥ R HIE KA RD b,

o MEEFRAI R BEEEIIRE R T FEIIR R X



EMR 285 % 2 I LTI H o 1 4 113 : 973

®1 AR IBRERR

WBC 9520 /uL T-Bil 0.6 mg/dL
RBC 425x10* /uL AST 26 U/L

Hb 124 g/dL ALT 36 U/L

Ht 39.1 % LDH 384 U/L
PLT 26.3x10* /uL ALP 1164 U/L
TP 7.7 g/dL YGTP 346 U/L
Alb 44 g/dL CEA 11.2 ng/mL
BUN 18 mg/dL CA199 3.3 U/mL
Creat 0.6 mg/dL AFP 27 ng/mL
CRP 51 mg/dL PIVKA I <0016 AU/mL

2 JEEE CT Wi&AT A
RED: JER B JERLA) SR
A S4 BEFFFETH @ 2-3cm KON
B : S6 MFF 5-6cm K ORI IE R

1 JEREE I 4 L.
A S4MER B : S6 IER

BoOBEEOTFIE, BEEE Sem PLE, REEBEEE K

BIRAMICE L REHO ) YRR b/

WA @AM AS, LN R EDIR P P9 IR 522 L PR 2 ®, cStage IVB D@liE oz, #2C, FiliAH#EIE
RIS DBRZE R DI H B, EHET L, fbEBEE IR L. 20k
D CDDP +5-FU #5147 & L7225, Grade 2-3 DIER &

JEF M D 7= Db RE OB P EETH - 2. £

FEEOWR RA S IFNIBE AR  BEbihz. # 2T, EEIC X BEROEM B L ObFRE O %



114 : 974 Lz} E

HiZiz, kS a il Lz iRkic B v+ 238k
BN B L OEEEER Y > /s (#12p, #12a, #12c,
#13a) BLiE % k5 G = XYk Sz, it
IR X OCRIRIEIR AT b o 72,

TRIEHRAFR R

WHERANICE 2 oOEBEREN A LN S6
DIEE TIRNEDE  WHEEBR T LD 6N, MEEL
TERERAZ RIS & AT OMILIE Y & 7 2 155 LB iR
hilo7z (R13A). S8/4 DIEIG MR H LD
b (K 3B) 26kl ([0 3C) OB IRIRIR A
FEL, ) o ERRRMREERE o T, JH
SERERL Y 3 HEE 5 BRI - 7227 Tl tublar or pap-
illary adenocarcinoma, tubular adenocarcinoma, in,
INFc, lyl, vl, ne2, pN1Td 1, T4bNIMO Stage
IVA Tdh o7z,

T V2 PR & A 7 PO RR I A 1 VL RR O T o 727,
15 AR RN ORI XA B & BRI ORE LRI,
Bex R BREORT % BN RE X L#HICEDTBHY
(I 3D-F), BilIN %41 L T S6 & S8/4 JE 13 Mk
Ry L2 @B TH S & E X bz BIlIN PAHZ b
KRUFPIRAS 2 13 BE R o B8 2E % 3200 7= (I 3G). TN
O FBRENRE LLF ORASNEIRE 123 RA R DIEAY
BRHT, FRFEERIZEEEHEZE-> Tz (X
4).

BB

il s & BT EGE LI REE 2 s 5 2 &aF
TEIH, Wk 20 ATHABREEL, BPETT
BLEHITEHRBORAICHEL, WFHIHEEZIT
Moy 2ERIFBT L.

£ %

AR R O 5-15% 2 59, PHRARGE
PIEE CTH B9, JREROBGHRINT & LT, #EE1D
B b neE &, B - IR AWEE, FRSATE
FgERIzmA = ba V7 3 i oW E s
ENTELOW SR, 7%y PERIE-ER»HE
IR 2 A L BRI RE SO 2D
THIRIZES DCM % DCP 7% L OFHEFHI~ DB AE
HENA I Chol S HEEE IR LIER S,
12 4E M D ENRIEAEE O BRIZ, DCM 8 & 0 DCP OIRFE
FRITTWAZENHERSINTE DY, BALZ DEFIL
MERMEE L LTRESLTWDY, L L, AAER

20% 5% (2015)

TIREMICH 72 o T 72 YL EIRI 3R A R~ D
BEFEIE D EEMEABMENTHE O, FHlZ% SR
REFRIUIENCTE T ih oz, $HE, HEMR
BIREO O % S AER] D FIRIZER DCM % DCP
DRBEFF e Lol ZOZENE, FHITD
NS OMEREOFFM R IENFLETH L LEZ TV,

FIRIZE B L7 R R ORI OME LT v~ —7
BT AMETH L. AT, KEROEIRIFHIES T
@ 17 ZOMREREF OME T, HHEILEBRILA 1226
&, EHALIECIAT633 L MO TRMETH 722 &
AIE S TWDEY, F/, RFICBIT B BEREORIE
WL B0 A5 80 ETH Y 60 FARIZE— 7 2l 2 5
A, ZOHMBIIBY HHERBIEERIT 25 R 5 45
HT, FOHmRMEE 36 R Tho Tz, TOHRDEREE K
b L7235 C O FREAERRIL 31 i B BT R Th D2,
AIEF D 47 ik & HERIETH o 7.

T2 P A 190 C N A B 72 0 BRI S B A
ALNEIEPMEINTWAS, Thbb, EIER
OB BT, 1BHEIREEE R HE ORIEEE
1k, BilIN % Intraductal papillary neoplasm of bile duct
(IPNB) 7% & DRIRHRZ - FEWEILFHAMEEIZALGR
L2 L, BRIFCHFEERLETEONEERENR S
N D EEDER L LTEIF B A9 JEHE & pan-
creatic intraepithelial neoplasia (PanIN) (Z i35 L C
kirsten rat sarcoma viral oncogene homolog (KRAS) ®
BIEFERPR OIS L) MGPHER S M998
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A case of intrahepatic cholangiocarcinoma in
a printing industry worker

Koichi Kimura®, Ken Shirabe”, Shoji Kubo?, Shinji Itoh”,
Norifumi Harimoto", Yo-ichi Yamashita”, Tomoharu Yoshizumi”, Shinichi Aishima?,
Yoshinao Oda?, Yoshihiko Maehara®

A 47-year-old man who had worked in the printing industry for twelve years presented to the hospital with
severe epigastralgia. After clinical evaluations, a tumor was found in his liver. He was then referred to our insti-
tution, where he was diagnosed with intrahepatic cholangiocarcinoma and was underwent chemotherapy. Nev-
ertheless, fever and nausea were apperared, he was performed hepatic trisegmentectomy. Despite the treat-
ment, the patient’s intrahepatic cholangiocarcinoma progressed, and he died from tumor-related complications.
The resected specimen showed two intrahepatic cholangiocarcinomas in S6 and S8/4, and biliary intraepithelial
neoplasia extending to the intrahepatic bile ducts between these two tumors. Herein, we summarize the find-
ings of this case experienced 20 years ago and a review of the literature.
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