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Abstract

Extracellular signal-regulated kinase ( ERK ) [&Ras/Raf/MEK/ERKZ® D FTHRICILBETH 0 FTH
%, Ras/Raf/MEK/ERKZR (EIRTEEXIFMRECAVSNDYSTIIZT0E—7Y hDO—2
THY)., VBRILERKOBABITIERE®HLOERELTHShSD,

BYGEESEBARZHEE TURE Nz FMRE/NZIL15461Z2 ALV, total ERKIn{E/) >~ B{LERK
ik (tERK/pERKHUE ) Z AV EREEBREZTV., BRREFNEFHEICBRFENIREL
EREESFOEREY 7 VS A0BEEBRN UL, 2L, UYBILERKTiAZAVZR
BEBREICLDTHEETEEDFEHILERKZ B/ 32 ATEMEA B V) . Total ERKIfkZ AL
EREEABFECHVTESHEROKZATERKIREE Nzt 0 & FMHLERKES & EEL 12,
BB HEGA RO S N AR 206 TH V) (20/1546] ) . MAAFPEARSLTH ). ki67-ind
exfSfE, c-METEEM, CKI9BMERLGFSALAGMZEL ., HERENTFRTIREAFELTHASh
PMERBMAEBNEREHSNE, &5, FFHHREMBIHKICHepatocyte growth factor (HG
FIgRELTHRFELIZECS, MK THGFRIMIC &K DERKY BRL (7EML ) & HICHAENE
e h, EBEEMEICEEYTSCKI9

MRNAAZFE & hiz, Fisorafenibll &k V) ERK U ER{LE KO MIIBTEREA MEIE iz,

SE, ERCEHILAFHREOFRERFO—DOTHY, SEMEZEITHHEELE BMflila<Y—
N—BUBEEEEL TWA e RENE, LA UERKPERKIEDREXFEE B E2H <A
WABDORELL, IKICHFMEREDREEBICFNEIBECNAZ2OEEETHD., SHRESIE
HREVTOTADEERHOIHEALEFORREZTV., RELHMANOSCAZEA%,
Extracellular signal-regulated kinase (ERK) is a downstream effector of the rat sarcoma virus
(Ras)/rapidly accelerated fibrosarcoma (Raf)/mitogen-activated protein kinase kinase (MEK)
pathway, one of the main pathways targeted by sorafenib. Nuclear translocation of phosphorylated
ERK (pERK) indicates activation of this pathway.

We evaluated nuclear total ERK (tERK) expression and pERK expression in tumor cells by
immunohistochemistry in 154 resected hepatocellular carcinoma (HCC) nodules were resected at
Keio University Hospital. In our validation study using an anti-pERK antibody, pERK staining was
exclusively observed in tERK strong positive tumors. Therefore, we defined tERK strong positive
as representing high-level nuclear expression of ERK. ERK-activated HCC was found in 20 of 154
HCC nodules, and was characterized by a high serum alpha-fetoprotein level, poor tumor
differentiation, and a high ki67-index, c-MET positive expression, cytokeratin 19 ( CK19 ) and/or
Sal-like protein (SALL4) positive expression, the presence of venous invasion and/or intrahepatic
metastasis, which are all known malignant clinicopathological factors in HCC. Furthermore, the
effect of ERK activation by hepatocyte growth factor (HGF) on HCC cell lines were examined. HCC
cells treated with HGF showed enhanced cell proliferation together with ERK activation and
upregulated CK19 expression, both of which were inhibited by sorafenib.

In this study, High-level ERK activation is one of the prognostic factors for HCC and is associated
with biliary and stem cell markers positive group it reflects aggressive HCC phenotypes. The
immunohistochemical evaluation of ERK/pERK are difficult to add to our subclassification for
routine work immediately. Further research is needed to search for more useful molecular markers
for subclassification.
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Research of useful molecular markers for hepatocellular carcinoma subclassfication and the application to pathological diagnosis

1. BIERRFEEOMUE

Extracellular signal-regulated kinase (ERK) |& Ras/Raf/MEK/ERK & D TiRIZHIE 59 F TH S, Ras/Raf/MEK/ERK #RE& (&
YIBRAF S MREICAVNOND YT I =T DEA— v rD—D2ThHY. Bt ERK DRZABITHREETHILDIEIELLTHON
60

R XBEZDRERETURSN- TR, SRIL 154 FlZ LY. total ERK Hi{A/1) > EE{E ERK HiiA tERK/pERK #iiK) % H
L\T’ﬁ.r‘fﬂﬁ%%ﬁéﬁb‘ SRR EFNRFSLIUHEEENREL - RN IREY D ISR EELBRE L, 1=

L. J>B&{t ERK ?J'l.ﬁ(’éﬁﬁl,‘tﬁr‘f‘ﬂ?ﬁk%@l KB EHlE TIEEDE ML ERK Z@/NNTfi 35 algetE A Y . Total ERK $iiA% A
L\T_ﬁ.r‘f‘ﬁﬁ*z%@( BVWTIEEMBEOATERK ARHEIN =D FEMHIL ERK FEFIEFEZ LT, #ZIGHEBRHIEH SN =T
fE1% 20 51 THY (20/154 45) . M AFP EAESMETHY ., ki67-index S 1B, c-MET 514, CK19 31 E 71X SALLA [BHEE 2L, IF
HMIEEOFERAREFELTHONSIRERE/FANEGENSEDLNT, S5, FFHEEMIEHRIZ Hepatocyte growth factor
(HGPR#IRELTHREILI=EC A, M8 T HGF FIiIZ&5 ERK UV BER{E GEME{L) X ICHIBRIETE AR ESH ., [BEEEMEICEET
% CK19 mRNA W EFE SN -, Eiz sorafenib IZ&Y ERK UYL H K UM ERE A HIHI STz,

4E., ERK B LA MBENFERFO—DOTHY. SEUEZETIET LR BT —H—GHEEHEEAEL TSI EN
Renf=, LHL ERK/pERK A D E O HEII A EZM THWADIZ# L, T <CICHMREO R EABIEENESEICINZS
DR THD, SELSNEHEEY T ISR BEER YO THERERFOREETV. FEZHADOLRAZHA#5,

2. MRERRAEEOBE R

Extracellular signal-regulated kinase (ERK) is a downstream effector of the rat sarcoma virus (Ras)/rapidly accelerated fibrosarcoma
(Raf)/mitogen—activated protein kinase kinase (MEK) pathway, one of the main pathways targeted by sorafenib. Nuclear translocation
of phosphorylated ERK (pERK) indicates activation of this pathway.

We evaluated nuclear total ERK (tERK) expression and pERK expression in tumor cells by immunohistochemistry in 154 resected
hepatocellular carcinoma (HCC) nodules were resected at Keio University Hospital. In our validation study using an anti-pERK
antibody, pERK staining was exclusively observed in tERK strong positive tumors. Therefore, we defined tERK strong positive as
representing high—level nuclear expression of ERK. ERK-activated HCC was found in 20 of 154 HCC nodules, and was characterized
by a high serum alpha—fetoprotein level, poor tumor differentiation, and a high ki67-index, c—MET positive expression, cytokeratin 19
(CK19) and/or Sal-like protein (SALL4) positive expression, the presence of venous invasion and/or intrahepatic metastasis, which
are all known malignant clinicopathological factors in HCC. Furthermore, the effect of ERK activation by hepatocyte growth factor
(HGF) on HCC cell lines were examined. HCC cells treated with HGF showed enhanced cell proliferation together with ERK activation
and upregulated CK19 expression, both of which were inhibited by sorafenib.

In this study, High—level ERK activation is one of the prognostic factors for HCC and is associated with biliary and stem cell markers
positive group it reflects aggressive HCC phenotypes. The immunohistochemical evaluation of ERK/pERK are difficult to add to our
subclassification for routine work immediately. Further research is needed to search for more useful molecular markers for
subclassification.
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