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Novel approach to primary biliary cirrhosis putting focus on deregulated autophagy
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This study revealed that deregulated autophagy followed by cellular senescence in
biliary epithelial cells (BECs) may be closely related to the abnormal expression of mitochondrial
antigens and following autoimmune pathogenesis in primary biliary cirrhosis (PBC). Cell culture study
using mouse biliary epithelial cells supported the immunohistochemical findings in human PBC livers,
suggesting autophagy of the mitochondrial proteins. Furthermore, this study disclosed that endoplasmic_
reticulum stress may play a role in the pathogenesis of deregulated autophagy and cellular senescence in
biliary epithelial lesions in PBC.



B X C—19, F—19, Z2—19 (@)

1. W BR AR S B D75 =

BT, MRESEERCST A — N7 7
DA ER L REERIZBIT D
F—= b 77y —REOEERE SN SN
W2 oobh b, FEBIX, FEIBEMEETE
JiFHE 25 (PBC) O Ji REJE AR M L A3 B -3~
LHZEEHRTHDTHLEMNILE., &6
2, BLEEMRE, YDA R EDRE
A A U CR R B PR R BE O A 21T O
Z &, PBC ORREIRZETIX, MBI AT
LTH— 77 —DRAELTVWDLZ &%
WE Lz, Zh o ot R SE BT 72 #F 7R Rk
Bk, EEMROA— 7 7 O—BEMN PBC
DI REFE Bk B B A A & RO R REME & R
WL TWb., LrL, 5FETIA—F+7 7
D—EE L ) A& D PBC & - ATIER
Z ORI AR AITE NI N T
AL HRENTWARY. FZTHRE LI,
[PBC CIIREEG MDA — 7 7 U — B
D3, R AL O T A S0 g R IE BE AR O il 18
BN U COREBEMRICES 5] Lok
HOWGEEL, F— 7 7 P— B O
A — 77U —BEOHIEIZ X D57
72 PBC IGHRED RO 2D X LT
L A RV A

2. WMEOBEM

AW TIE, A= 77 V—RBEIZEFEBLT,
PBC DJiHERRIA & B 7= 2 TR iEBR % o Faig &
RHMRZD S L. BARMICIE, UTo
WMat 24T 9 BhE &2 72 CT-. (1) NRA B A
VT PBC 72 & D T iges |2 331 5 A RiGHE B oD
F— N7 7 V- REORERNERTT 5.
F— 77 R L IRERE, Mgl
EOEEH LMNCT S, QA — T 7V
— B OB ALY L, = OHIEE %
BRI 5. Q)PBCIZBITHA— 77 o—5
WEI har U THREE BRI EZ R L
THERRICB T 2 &HEZHLNCT 5.
(4) iFFESEE S L8, PBC =5 L@, o
— N7y U—RBEET LEYE WV TIFR
RO RIZB T DA — 7 7 o— R
DEZFEHOLNZT S, &I, F— 17
7 ¥ — R ORI X B 7 7 NS TR R
HEOS T HEREOWSLZ D X

3. WDk

(D) FFlgds o Rk ic B 54— 7 7 ¥ —
FLE AR DL O fEHT

OA— R~ 7 7 ¥ —FERBARDLO BT : K
MR E D T2 ik b 7 FE T, 4 —
N7y —REORERNE, A—F 77
Vv —H—IC3, A— Ty —HAi~—
J1— p62/SQSTML (A — 7 7 ¥ — R 4RhE
THREER) ZHEECRbLE. A—F7 7
U— B ORI & IE IR, B
EOIRE, MimEl, thEL oREE K
SR RRET LT,

@A — b7 7 Uo—HiEg LiE{oEE#ED
Wt Wi b O FEHE SA- 8 —Gal, pl6 MW L

p2 1ML o IR 2 KRR AL SR, SR LR
FHICHRHE LT, A— b7 7 O — R ORA
PRI L OB A ET L7,

A= 77 V—RELIMa NI TH
FELRE DR RIC T 2 BROMRGT
OB IR - AR R 2 e
AL FHFIET,PBC ERBIFOI b=y
KU 7 IR (pyruvate dehydrogenase
complex—E2 component [PDC-E2], cytochrome
c oxidase [CCO]) DFEBURI % o rE AR L5
AIZHRET L7z, LC3 <° p62/SQSTMI ThHEH L
oA —F7 7 O —REORFAERD L OB
% 2 A Y A CEAT L 7.
@EFEMEE AWM ~ v AREEBRE
MM 2 b LR & BRELER (T4 Y
V' — LR bafilomyein A 72 &) &Nz T
F—h 77 —HEEZFEL, PDC-E2 72 &
DO by N THIEROBBR/IE, 4+ — b
Ty A —AEDOMEERET L. 2 Ei
Fefe et 24T\, E N L — I — S
ERWTHEIZELE.

B)A— 7 7 O—BEORAEEDE -

/MEEA N V2D E O

O B TR - EMR L FIE T,
PBC &t HRAT O REMIILIZ B 1T o/ Mk 2 k
L A BHE 45+ glucose—regulated protein 78
(GRP78) and protein disulfide isomerases
(PDI), A—k~7 7 ¥—B#5r 1 LC3, p62,

%ﬂ:;};la*% p16INK4a’ pZIWAFl/Cipl @%ﬁ&ﬂﬂ%ﬁ
L OBEEZ R LT,

OREMEZ HWICBRE: ~ v AR IEE
AR IS /N AR 2 b L ZAFHEA] Tunicamycin
(TM), REHEE GCDC, W fafnfAgIGmE 72 & % N
Z, IMNAKA RV A, F— 77—, H
JREAOBEAEARNEZHRFT L. 51T,

Tauroursodeoxycholic acid (TUDCA) fij &L B
DR AT LT,

4. WFTERRR

(1) KPS ORFFfRIc BT A A — 7 7 ¥
— BB AR

PBC DOEEHALLE CIE, HEAEFFRMI
LC3 O/ FEBL, p62/SQSTML Btk 25 ¥ %
R A— N T 7 =R NE LT

Q) A— b 77V —RBELI a2 NIT
PUREB BT ORI RIZE T 2 B &

PBC DORHEREELAE TIX, RFRAZ, I b
a2 R THEOBERCRBEHENE L.
2 EAE WY DOMETIE, I bR
U7 PR ORI, BREERE LA
A= AN NN 7SI Ne= 0 NN Ryl fali
L LR E N, HUERIRRE 2 & ol
A RNVRIZL > THREBEEMEIZIZA— b
Ty Y—0NBEIhE. &6, TA4 VY
—LEAMCE DA — 7 7 O — O
EIZLH- T bay Y 7 HIFEOBERR S
H, HEMEEZHOI b2 RUTEAD



BN LT,
Z X, PBC OEIREIZIZA— T 7
—BENEETLEZL, A= T VR

WA P FUTHFERORFRRAAEEBZ
L, I hay RYTHIFICHT D05 KG
FH ORI /g B Al e & R T TH

5T 5L D THD. PBC DREENRZE TIL
F—= 77 V—BEIC J;‘é\b:'/FJT
PURORERBENELCLTEBY, LI bav
FUTHEMWAD) 2 EDI hay RY 7HIR
WX 5 B OB RIS DA S35
BEMES R STz,

S 51T, PBC T, HERRMIECHE M
A= Ty U—RBELI a2 NUT
#ﬁ@ﬁ FHENEU TR, RERER
B 53 B ATREME DS R X Tz,

@) A — 7 7 =B ORI
/MEEA N V2D E O

PBCO AT PN/NRIRRAE C 1L, BB 4380 & thula T,
EER\Z, PDI, GRPT8ZTIjLHE, A— 77
—J Ui L B, Al LiE 16T
p21"MVCIR R TEE AR LT

GCDC, TM7 & &Iz 7- FE s R AR
NERA N L AEFEMRNAZE BL D TTHE | 21‘~
]\ - 7 :/‘—ﬂjiﬁ & /EIET%L’, %EE@%{K%% wu&)
7=. TUDCARTALERIZ X~ C, /PMufkzx FL &
@ﬁﬁkm% AR AL O INHI2N L 5 7.
PBC IZBIFT A A — 7 7 U—HEE, MinE
1&@%&5 ,dWwKX%VXﬁ$$?¢é
:&ﬁ%émt.ik,WMA@m@WZk
L2l E N L CA— T s O—RE, B
T EA LA IS L, HEREESCHE 2 h
O & D IR A BEIR T D R REME DS AR
Ihi-.

5. FlpRERLE

Uﬁmmﬁﬂﬂ Gt 8 1)

. Sasaki M, Yoshimura-Miyakoshi M, Sato Y,
Nakanuma Y. A possible involvement of
endoplasmic reticulum stress in biliary epithelial
autophagy and senescence in primary biliary
cirrhosis. J Gastroenterol. 2015 Jan 1. [Epub
ahead of print] #&FEH

2. Nakanuma Y, Sasaki M, Harada K. Autophagy
and senescence in fibrosing cholangiopathies.J
Hepatol. 2015 Apr; 62(4):934-945. doi: 10.1016/
jjhep. 2014.11.027. #&Hi A

3. Sasaki M, Nakanuma Y. Cellular senescence in
biliary pathology. Special emphasis on expression
of a polycomb group protein EZH2 and a
senescent marker p16INK4a in bile ductular

tumors and lesions.Histol Histopathol. 2015
Mar;30(3):267-275. # i

4. Sasaki M, Kakuda Y, Miyakoshi M, Sato Y,
Nakanuma Y. Infiltration of inflammatory cells
expressing mitochondrial proteins around bile
ducts and in biliary epithelial layer may be
involved in the pathogenesis in primary biliary
cirrhosis. J Clin Pathol. 2014 Jun;67(6):470-6.
doi: 10.1136/jclinpath-2013-201917. & HH

5. Kobayashi M, Kakuda Y, Harada K, Sato Y,_
Sasaki M (fih 4 4) Clinicopathological study of
primary biliary cirrhosis with interface hepatitis
compared to autoimmune hepatitis. World J
Gastroenterol. 2014 Apr 7;20(13):3597-608. doi:
10.3748/ wjg.v20.i13.3597. & HiH

6. Sasaki M, Miyakoshi M, Sato Y, Nakanuma Y.
Chemokine-chemokine receptor CCL2-CCR2 and
CX3CL1-CX3CRI1 axis may play a role in the
aggravated inflammation in primary biliary
cirrhosis. Dig Dis Sci. 2014 Feb; 59(2):358-64.
doi:10.1007/s10620-013 -2920-6. i H

7. Kakuda Y, Harada K, Sawada-Kitamura S,
Ikeda H, Sato Y, Sasaki M (f1944). Evaluation of
a new histologic staging and grading system for
primary biliary cirrhosis in comparison with
classical systems.Hum Pathol. 2013 Jun;44(6):
1107- 17. doi: 10.1016/j.humpath.2012.09.017.
At

8. Sasaki M, Miyakoshi M, Sato Y, Nakanuma Y.

Increased expression of mitochondrial proteins

associated with autophagy in biliary epithelial
lesions in primary biliary cirrhosis. Liver Int.
2013 Feb;33(2):312-20. doi: 10.1111/1iv.12049.
B

(ea¥k) GE 18 )

1. Sasaki M, et al. A possible involvement of
endoplasmic reticulum stress in the process of
biliary epithelial autophagy and senescence in
The 65" Annual
Meeting of American Association for the Study
of Liver Diseases (2014 % 11 H 8-12 H,
Boston, USA)

primary biliary cirrhosis.



2. ix KETH, WS4: BT HREMEIFESE
DFEELIBEE O < S BB A MR
PR 22 O JRAE 93 28 58 AR 1T B8 1T D /i
KRARNLVA, A—+77v—, MlaEltod
5. 5 50 [ H AT SREs (2014 45
H 2930 B, AT /l=a—F—% = HI)

3. Sasaki M, et al. Infiltration of macrophages
and plasma cells with coarse granular expression
of mitochondrial proteins around bile ducts and
intraepithelial layer may be involved in the
pathogenesis of bile duct lesions in primary
biliary cirrhosis. The 64" Annual Meeting of
American Association for the Study of Liver
Diseases (2013 4 11 A 1-5 H, Washington, DC)

4 AR KFBFH, RFAVT 4 A B v s
> H ORI NE TR B D FLRE - R O R Rl
JFOR M AR PR A O R TR A I BT D
autophagy %, I b= > RU TEHRIIT
H LMo 5. 5§ 17 B A AR

£ (0134 10H9-10H, /7 R
U 2 AR T IVHT i, H)

5. A RFEFSH, I hary R TEABM
P E AN & JFUORS M BB 1 B 2R o RELAE i S
L OB, 5 49 [0l H RIFlE TS (2013
H£6H6RH-7TH, RESTHERT I, HiT)

6. Sasaki M, et al. Infiltration of
inflammatory cells expressing mitochondrial
proteins around bile ducts and intraepithelial
layer may be involved to the pathogenesis in
primary biliary cirrhosis. 102nd Annual
Meeting of the United States and Canadian
Academy of Pathology (201343 A 4 H,
Baltimore, USA)

7. Sasaki M, et al. Intraepithelial infiltration
of ORM-like protein 3 (ORMDL3)
—expressing cells may be closely related to
the pathogenesis of primary biliary
63th Annual Meeting of the
American Association for the Study of
Liver Diseases (20124-11 H 13 H, Boston,
USA)

cirrhosis.

8. Sasaki M, et al. Chemokines CCL2 and
CX3CL1 as senescence-associated secretory
phenotypes may play a role in aggravated
inflammation in primary biliary cirrhosis.
63th Annual Meeting of the American
Association for the Study of Liver Diseases
(2012 - 11 H 13 H, Boston, USA)

(¥EF Gt 1 fh)

Sasaki M, Nakanuma Y. Pathogenesis of Bile
Duct Lesions in Primary Biliary Cirrhosis: Role
of Autophagy Followed by Cellular Senescence.
Hayat MA, editor. AUTOPHAGY: Cancer, Other
Pathologies, Inflammation, Immunity, Infection,
and Aging. Volume 2. Elsevier Inc., Amsterdam,
2014, p293-303

(P 5 M A )
OiiRyt Gt 0 1)
ORI G 0 )

(F Dfth)
R Al s

6. HWFFEHAE

(D) Wi
fex K FEF (SASAKI MOTOKO)
GIRKTF - [EHR - HEHGR
e %5« 70225895

(2) WFFE 53 3

(3) HEHEMF I
i 7B (SATO YASUNORT)
GIRKEE - [ES5% - Ghkhl
Fges 25 1 30324073

HiyE %2 (NAKANUMA YASUNT)
BIRKF - [EE%R - Bz
Fges2&5 1 10115256



