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ST1, a direct transcriptional target of EMT inducers, was up-regulated by SALL4
-expression. In conirast, another important EMT phenomenon, down-regulation of
dherin (encoded by the CDH1 gene) was not observed in SALL4-over-expressing
liver cancer cells (Fig.6A) and nor were there significant changes in cell migration

ys with the liver cancer cells (Fig.6B). These daia suggest that cell migration and
vasion of liver cancer cells are not directly affected by SALL4 even though some

T-related genes are up-regulated.

SALL4 Expression is Correlated with Chemosensitivity
Weffipreviously reported that the oncostatin M (OSM) induced maturation of fetal hepatic

cells(41). OSM induced hepatocytic differentiation of EpCAM+ liver CSCs into

AM-negative cells and increased chemosensitivity to 5-FU(42). As shown above,

we have shown that over-expression of SALL4 suppressed hepatocytic differentiation

induced stem cell-like phenotype in liver cancer cells. We thus analyzed whether
-expression of SALL4 affects chemosensitivity of liver cancer cell lines. 5-FU
tment decreased cell proliferation in both lines. Cell survival and proliferation of

- cancer cells were induced by SALL4-over-expression with or without 5-FU.

ingly, over-expression of SALL4 increased cell proliferation (5-FU/PBS) in liver
cer cells (Fig.7A-B). These resulis suggest that SALL4 expression resulis in

slection of cells that are chemo-resistant.

Down-regulation of SALL4 Inhibits Tumor Growth in Xenograft Transplantation
i,ol;etermine whether SALL4 affects tumorigenicity of liver cancer cell lines, we
generated stable liver cancer cells expressing-shRNA against luciferase or SALL4, and
cells were transplanted into the subcutaneous space on the right versus left sides of

immunodeficient mice, respectively. After 8 weeks, both control Huh7 and PLC/PRF/5
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Is gave rise o subcutaneous tumors. In contrast, tumors derived from
4-knockdown liver cancer cells were significantly smaller than those of control
(Fig.8A-C). The tumor weights were also smaller than those from control cells
Fig.8D). These resulis suggest that down-regulating SALL4 expression also inhibited

growth of the tumors from liver cancer cell lines in vivo.

LL4 Expression in HCC Clinical Specimens is Prognostic of Patient Survival

o informatics Analyses)

We 'examined SALL4 expression in 139 HCC cases in a microarray data set published
mLee et al(38). Atotal of 110 cases with available expression and overall survival data

were selected for survival analysis. We found that HCC patienis with high SALL4

ssion is significanily associated with shorter survival during the first 3 years of

-up (p=0.038) (Fig.8E).

cussion

“Gene expression profiles and signaling pathways associated with self-renewal and

entiation are shared in normal stem cells and in CSCs(3). Accordingly, fully

nderstanding these common molecular mechanisms that regulate self-renewal and

ifferentiation is a necessary step towards novel therapeutic modalities for cancer.

T e only curaiive treatments for liver cancers are surgical resection and liver

plantation for early stage patients. However, most patienis are diagnosed at

M;d\;/ nced stages by which extant therapies are ineffebtive. For the treatment of
idvanced HCC patients with unresectable tumors, franscatheter arterial

A oembolization and systemic chemotherapy, including Sorafenib, are one of the

ptions, but the effects are limited(14,17). Therefore, the identification of novel

molecules which can become targets for future therapies is urgently needed.

15
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L4 is required for cell proliferation and maintenance of pluripotency in several types
em cells (e.g. ESCs) and in malignantly transformed stem cells (e.g. leukemia and
st cancer)(21-26). In addition, our prior investigations with mHBs revealed that
ition of SALL4 contributes to cell differentiation(39). Hence, it seemed likely that
L4 expression could be a factor in liver cancers in which the CSCs might have a
shared gene profile to normal hHpSCs and/or to normal hBTSCs. This hypothesis
ame plausible when we found SALL4 expression in normal hHpSCs, hHBs, and with

weaker expression in committed progenitors in human fetal and neonatal liver tissues,

in stem cells in PBGs, the stem cell niches of human biliary tree tissue, and in various
hver cancers (Figs.1-2). In recent publications it was reported that SALL4 is

expressed in hepatoid gastric carcinoma but not in other liver cancer(36,37). We

by report that SALL4 expression in liver cancers (and cancers of the biliary tree)

can 'be detected by using EDTA buffers, rather than citrate buffers, for antigen retrieval.
Th ‘mechanisms of antigen retrieval are poorly understood. It has been reported that
antigen retrieval is needed for disruption of methylene-bridges during fixation, which
s-link proteins and therefore mask antigenic sites. Indeed we were not able to

in clearly positive SALL4 staining in liver cancer tissues when we used citrate buffer
, the most popular buffer for antigen retrieval. Therefore we decided to use
E/ Abuffer (pH 8.0), because it has been reported that the pH of antigen retrieval
lution remarkably affects the intensity of immunostaining(43). SALL4-positive cells
& observed by using EDTA/pHS8.0 rather than citrate buffer (Fig.S8). This indicates

. that the pH of the retrieval buffer and the presence of EDTA, the chelating agent, are

pdrtant factors for masking the epitopes available for binding either by eliminating
m. ﬁking molecules and/or proper refolding of SALL4-specific epitopes to bind with
gntibody.

of the main regulators of G1-S phase transition in the cell cycle, Cyclin D1 has

16
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n shown to have capabilities of carcinogenesis and progression in cancer through
controlling cell proliferation(44). Moreover the strong relationship of tumorigenesis and
newal by Ras-Cyclin D2 activation has been elucidated in spermatogonial stem
S(45). With respect to SALL4's effects on growth, recent studies revealed that

/clin D1 has been shown to bind to SALL4 and works synergistically in transcriptional
repression; Cyclin D1 is a downstream target of SALL4 in malignant cells and in
ESCs(25,31,468). We found over-expressing SALL4 induced a shorter G1 phase, and
there was a positive correlation between expression of SALL4 and Cyclin D1 and D2 in
er cancer cell lines. This suggest that SALL4 regulates cell proliferation either by

"éelgiction of early lineage stage cells or by controlling G1-S transition through regulating

xpression of Cyclin D1 and D2 directly. Although SALL4 has been proposed to play a

survival and apoptosis in leukemic celis(32), we did not observed any difference
in apopiosis between conirol and SALL4-knockdown liver cancer cell lines (Fig.4),
indicating that downstream targets for SALL4 may be different in liver cancer cells and
le kkemic cells.

lyses of functions using models of liver cancer cell lines indicated that SALL4

‘ expression leads to cells with enhanced phenotypic traits such as ABCG2 and
Xpression, ones highly expressed in stem cells. SALL4 is associated also with
(Thy-1), known to be highly expressed in mesenchymal cells tightly associated
ith the stem cell. In contrast, SALL4 knockdown provided evidence of slowed growth
:more parenchymal cell differentiation. In summary, SALL4 expression is a marker
of 'stem cells and early lineage descendants from those stem cells, implicating it as a
arker of TICs. lis expression correlates with cell proliferation, survival and a

m ;mally differentiated status in normal and in malignantly transformed cells.

noilings reported recently corroborate our own in that OSM induction or HNF4a gene

sfer into liver cancer cells resulted in more differentiated cells with reduced

17

Hepatology

— 242 —



Hepatology Page 18 of 63

Oikawa et al. 18

umor-initiating ability and enhancement of sensitivity to 5-FU(42,47). High levels of
L4 correlate with growth and stemness features, and SALL4 suppression results in
ition of growth, increased hepatocytic differentiation of cells, and reduced
~tumorigenicity (Figs.3-8).

L4 has been found in normal hHpSCs and hHBs, stem/progenitor cell populations
ind intrahepatically and associated with canals of Hering(6,48); both of these are
itive for EpCAM and CK19, and the hHBs are positive also for AFP and for ALB.
Interestingly, it is found strongly expressed in all of the subpopulations of hBTSCs, ones
ocated with PBGs throughout the biliary tree and that comprise the most primitive stem
cells identified (LGR5+/NCAM+/SOX17+/PDX1+/CK19+/EpCAM-/AFP-/ALLB-); others

with phenotypic traits identical io or similar to thai of hHpSCs

5+/NCAM+/EpCAM+/SOX17+/PDX1-/CK19+/AFP-/ALB-); and yet others with
overlapping with those of hHBs
5-/EpCAM+/SOX17-/PDX1-/ICAM-1+/CK19+/AFP++/ALB+-)(7,8,40). ltis also
nd in stem/progenitor cells of human fetal but not adult pancreas (Oikawa, Wauthier
“and Reid, unpublished data).

ALL4 has also been identified as a novel molecule in reprogramming of somatic cells
“to become iPSCs(27,28). This background makes interpretable published

IO formatics analyses(49) in which there is no significant correlations between the
ression of SALL4, EpCAM, AFP, or ALB in liver cancers. Rather, we found that it
lates with HCC patient's prognosis since an increased SALL4 expression is
as‘”’sociated with shorter survival in HCC patients (Fig.8). It should be noted that we

have not yet done bioinformatics analyses relating SALL4 expression in survival of

nts with CC; however, we hypothesize that it will be relevant to survival for patients
with; CC given that SALL4 expression is strong in all the subpopulations of normal

hB%SCs. We interprei this {o mean that high SALL4 expression indicates tumors

18
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iched for CSCs, whether or not they express EpCAM, AFP or ALB. Thus, SALL4 is

tive of aggressiveness and poor prognosis in liver cancers(9,38,50).
en together, SALL4 is an excellent target for identifying treatmenis for liver cancers.
ipression of SALL4 expression may contribute to inhibition of tumor growth by 1)

attenuation of cell cycle progression via Cyclin D1 and D2; 2) reduction in stem cell

aits and, thereby, allowing a more differentiated state; and 3) reduction in multidrug

esjétance genes with increased sensitivity to chemotherapies. Further analyses on

SALL4 mediated mechanisms may provide a novel future therapeutic sirategy against
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al livers and in a colony of hHpSCs. (A-D) Immunostaining of SALL4 expression
uring liver development. Fetal weeks gestation (A; 19 weeks, D; 16 weeks), neonatal
» months) and adult liver (C; 88 years) tissues. Sections were stained with an
anti-SALL4 antibody (A-C) or antibodies against SALL4 and EpCAM (D). (E-F)A

y of hHpSCs. The colony was stained with antibodies against EpCAM and
NCAM (E) or antibodies against EpCAM and SALL4 (F). Magnification %200 (A-C),

(D, F), x100 (E). BD, bile duct; DP, ductal plate; PT, portal iract.

Figure 2. Representative immunostaining of SALL4 in surgical specimens of liver
“cancers and fransplantable tumor lines of FL-HCC. HCC (A; T41, well-differentiated,
f37, moderately-differentiated, C; T49, poorly-differentiated). CC (D; T5,
y-differentiated). HC-CC (E; T45, moderately-differentiated). FL-HCC (F;

oorly-differentiated). Magnification x200.

re 3. SALL4 expression and the effects of SALL4 over-expression or knockdown
proliferation of liver cancer cells. (A) SALL4A mRNA and protein expression in
cancer cells. (B, D) Expression of SALL4 mRNA and proteins in culiures derived
m SALL4-over-expressing or SALL4-knockdown liver cancer cells. Cells infected
mock- or SALL4-expressing retroviruses, with shRNA against /uciferase or
SALL4-expressing lentiviruses were cultured for 3 days. (C, E) Cell proliferation
ssays of cells transduced by a SALL4-over-expressing retroviral vecior or a
4-knockdown lentiviral vector were cultured for 7 days. Data are expressed as

ean + SD (triplicate samples,™*p<0.001,*p<0.01).
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‘Figure 4. Correlates of SALL4 over-expression or knockdown with respect to cell
eration of liver cancer cells. (A) Cell-cycle analysis in SALL4-over-expressing
cancer cells was estimated by flow cytometry. (B-C) Expression of Cyclin D1,
.Cyclin D2, and CASP3 in SALL4-over-expressing or SALL4-knockdown liver cancer
Cells fransduced by a retroviral or lentiviral were culiured for 3 days. Cyclin D1,
yclin D2, and CASP3 mRNA expression was detecied using gRT-PCR. Data are
j’essed as mean * SD (triplicate samples,**p<0.001,**p<0.01,*p<0.05). (D)

ptosis in SALL4-knockdown liver cancer cells was estimated by FACS. Cells were

ultured for 3 days and stained with allophycocyanin (APC)-conjugated anti-Annexin-V

Figure 5. Expression of hepatocytic differentiation (A) and stemness (B) genes in
LL4-over-expressing or SALL4-knockdown liver cancer cells. Cells transduced by a
iral or lentiviral vector were culiured for 3 days. ALB, TTR, CK18 and ABCG2
RNA expression was detected using gRT-PCR. Data are expressed as mean = SD

(triplicate samples,**p<0.001,**p<0.01,*p<0.05).

fgure 6. Expression of EMT-related genes and migration assays in
4-over-expressing liver cancer cells.  (A) Cells transduced by an over-expressing
retroviral vector were cultured for 3 days. CXCR4, TWIST1, and CDH1 mRNA
ression was detected using gRT-PCR. Data are expressed as mean + SD

iplicate samples,***p<0.001,*p<0.01,*p<0.05). (B) Migration assay in

LL4-over-expressing liver cancer cells.

igure 7. Chemo-resistance assays for SALL4-over-expressing liver cancer cells.

Cells were transduced by a retroviral vector. Non-transduced (A) or transduced cells
27
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ere cultured in the presence or absence of 5-FU (2 yg/ml) for 7 days. The relative

cell'proliferation between PBS- and 5-FU-ireated liver cancer cells is shown. Data are

(bressed as mean + SD (iriplicate samples,***p<0.001,**p<0.01,*p<0.05).

re 8. Effect of SALL4 knockdown on xenograft tumor growth in vivo. (A) Control
cells and SALL4-knockdown cells were implanted into recipient mice, respectively.

te arrows show tumors derived from conirol cells and black arrows show tumors
derived from SALL4-knockdown cells (Huh7 n=5, PLC/PRF/5 n=8). (B)
Represeniative fumors derived from control versus SALL4-knockdown liver cancer cells
Séfweeks are shown. (C) The tumor growth curve over 8 weeks is shown. (D) The
weight of the tumor at 8 weeks is shown. Data are expressed as mean + SD
0.01,*p<0.05). (E) Kaplan-Meier survival plot according to the relative level of
SALL4 expression in HCC tumor samples, as determined by microarray analyses and
the use of the log-rank test. The median expression level was used to

dichotomize low and high SALL4-expressing HCC tumors.

28

Mepatology

— 263 —



Page 29 of 63 Hepatology

Figure 1. Oikawa et al.

Figure 1. Representative immunostaining of SALL4 and EpCAM expression in human normal livers and in a
colony of hHpSCs. (A-D) Immunostaining of SALL4 expression during liver development. Fetal weeks
gestation (A; 19 weeks, D; 16 weeks), neonatal (B; 4 months) and adult liver (C; 68 years)
tissues. Sections were stained with an anti-SALL4 antibody (A-C) or antibodies against SALL4 and EpCAM
(D). (E-F) A colony of hHpSCs. The colony was stained with antibodies against EpCAM and NCAM (E) or
antibodies against EpCAM and SALL4 (F). Magnification x200 (A-C), x400 (D, F), x100 (E). BD, bile
duct; DP, ductal plate; PT, portal tract.
165x195mm (300 x 300 DPI)
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Figure 2. Representative immunostaining of SALL4 in surgical specimens of liver cancers and transplantable
tumor lines of FL-HCC. HCC (A; T41, well-differentiated, B; T37, moderately-differentiated, C; T49, poorly-
differentiated). CC (D; T5, poorly-differentiated). HC-CC (E; T45, moderately-differentiated). FL-HCC (F;
poorly-differentiated). Magnification x200.
165x195mm (300 x 300 DPI)
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Figure 3. Oikawa et al.

Figure 3. SALL4 expression and the effects of SALL4 over-expression or knockdown on cell proliferation of
liver cancer cells. (A) SALL4A mRNA and protein expression in liver cancer cells. (B, D) Expression of
SALL4 mRNA and proteins in cultures derived from SALL4-over-expressing or SALL4-knockdown liver cancer
cells. Cells infected with mock- or SALL4-expressing retroviruses, with shRNA against luciferase or SALL4-
expressing lentiviruses were cultured for 3 days. (C, E) Cell proliferation assays of cells transduced by a
SALL4-over-expressing retroviral vector or a SALL4-knockdown lentiviral vector were cuitured for 7
days. Data are expressed as mean % SD (triplicate samples, ***p<0.001, **p<0.01).
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Figure 4. Oikawa et al.

Figure 4. Correlates of SALL4 over-expression or knockdown with respect to cell proliferation of liver cancer
cells. (A) Cell-cycle analysis in SALL4-over-expressing liver cancer cells was estimated by flow
cytometry. (B-C) Expression of Cyclin D1, Cyclin D2, and CASP3 in SALL4-over-expressing or SALL4-
knockdown liver cancer cells. Cells transduced by a retroviral or lentiviral were cultured for 3 days. Cyclin
D1, Cyclin D2, and CASP3 mRNA expression was detected using gRT-PCR. Data are expressed as mean =%
SD (triplicate samples, ***p<0.001, **p<0.01, *p<0.05). (D) Apoptosis in SALL4-knockdown liver cancer
cells was estimated by FACS. Cells were cultured for 3 days and stained with allophycocyanin (APC)-
conjugated anti-Annexin-V antibody.
161x206mm (300 x 300 DPI)

Hepatelogy

— 2567 —

Page 32 of 63



Page 33 of 63

Hepatology

A
Huh7 PLC/PRF/5 Huh7 PLC/PRF/5
O mock [ mock [ sh-Lue Msh-Lue
SALL4A [F]sALL4A Flsh-sALL4 [E sh-SALL4
15 =15 =15 =15
2 2 2 2
A & @ PEe @
10 ©10 ©10 e P10
a Q. o : Q
% X > x
@ @ o @
Los Los Los Los
ks K] 5 ©
[0} [5} ] Q
@ o x o xo o
ALB ALB ALB ALB
Huh7 PLCIPRF/5 Huh? PLC/PRF/5
"I mock I mock TshLuc [ sh-Lue
SALL4A SALL4A Esh-SALL4 B sh-SALL4
§15 «15 =15 -
‘B L2 Lo 2
[} |7 (73 0
E w0 0 (%]
81.0 010 010 1,
x [=% o o
@ = = x
@ © (] [}
.(% 0.5 Los Los o.
© kS| 5 ©
[0} D
%o £ o o 74
B
Huh7 PLC/PRF/5 Huh? PLC/PRF/5
] mock [ mock [Osh-Luc Osh-Lue
SALL4A SALL4A sh-SALL4 [ sh-SALL4
= c <15 =18
gl °o 2 2
W [73 A n
o 0 0 1]
o1 1, 1.0 ©10
Q. Q. [+ % (%
x x b3 x
@ o [ [}
2o g Sos sk 2os
© © = ®
[5} [} [5) [0}
14 v ¥ o @ o B
CK79 CK19 CK19 CK19
Huh7 PLC/PRF/5 Huh? PLC/PRF/5
mock O mock [Dsh-Luc Osh-Luc
SALL4A SALL4A \ Bl sh-SALL4 B sh-SALL4
.51.5 Em 0152 5 5 5 15
[Z} o0 n 7]
w0 w w (0]
210 @10 210 210
g g & g
o @ © ©
Sos Zos 2os Los
= = = ©
[} © (] 5]
©x o ¥ o0 X o ¥ o

ABCG2

ABCG2

ABCG2
Figure 5. Oikawa et al.

Figure 5. Expression of hepatocytic differentiation (A) and stemness (B) genes in SALL4-over-expressing or
SALL4-knockdown liver cancer cells. Cells transduced by a retroviral or lentiviral were cultured for 3
days. ALB, TTR, CK19 and ABCG2 mRNA expression was detected using qRT-PCR. Data are expressed as
mean £ SD (triplicate samples, ***p<0.001, **p<0.01, *p<0.05).
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