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Abstract

Background: Notch signaling has been linked to many cancers. However, there is still limited information about the
expression and role of the Notch ligand in hepatocellular carcinoma (HCC).

Objective: To investigate the expression of JAG1 and DLL4 in HCC tissues.

Methods: One hundred and forty-five HCC tissues in paraffin block since 2009 to 2016 at King Chulalongkorn Memorial
hospital were assayed for JAG1 and DLL4 by immunohistochemistry. All the sections were separately analyzed in tumor
and adjacent non-tumor tissue and scoring based on intensity and quantity of immunoreaction. Kruskal-Wallis H test
examined the correlation between JAG1 and DLL4 protein expression and clinical pathology.

Results: The expression of JAG1 and DLL4 of tumor cells is 57.2% (83/145) and 88.9% (129/145), respectively. The ex-
pression of JAGI is significantly higher in tumor tissues than adjacent non-tumor tissues (P = 0.002), and significantly
increased in patients with age < 60 years old (P = 0.007). Interestingly, the DLL4 expression is also expressed in the
normal liver tissue and DLL4 expression is not associated with any of the clinical parameters. When we performed a
subgroup analysis, in HCC patients without a viral infection analysis, JAG1 is significantly increased in HCC patients with
low albumin level (< 3.5) (P = 0.043).

Conclusions: JAGI expression is increased in HCC and seems to correlate with HCC patients with earlier onset and lower
albumin level, whereas DLL4 expression did not significantly correlate with any clinical features.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon causes of cancer death with the incident rate of nearly the
same as the mortality rate due to very poor prognosis and high
rate of recurrence.! Viral hepatitis (HBV or HCV), alcoholism
and prolonged cholestasis are the major risk factors for liver dis-
ease that leads to the progression of cirrhosis, which is present
in 80 to 90% of patients with HCC.* Currently, sorafenib is the
main drug that uses for advanced HCC patients treatment, it
can only delay median of survival approximately three months
longer.* Therefore, the new knowledge of the target molecules

as well as biomarkers that associate with improve prognosis and
benefit of therapy is still needed.

Notch signaling is an evolutionally conserved pathway that
regulates cell proliferation, cell differentiation, apoptotic pro-
grams, and cell fate decision. Notch is comprising of Notch
receptor (Notchl, 2, 3, 4) and Notch ligand (Delta-like (DLL)
1, 3, 4 and Jagged (JAG) 1, 2). Notch activation initiates when
Notch ligand from signaling cell bind to Notch receptor of
receiving cell that induces metalloproteinase and gamma-secre-
tase enzymes to cleave Notch extracellular domain and Notch
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intracellular domain, respectively. The reaction releases intra-
cellular domain of Notch receptor (ICN) and then, transloca-
tion to the nucleus for regulation of target genes such as hairy/
enhancer-of-split (HES) and HEY related transcription factors.*
Due to the Notch functions in controlling the fate of cells, it is
not surprising that deregulation of Notch signaling is involved
in many types of cancers for tumor progression.®

Recent studies have shown that Notch inhibition is a ther-
apeutic target for cancer treatment. Mainly, Notch ligands and
Notch signaling were shown to be overexpressed and correlated
with poor clinical manifestation in various cancers. In addition,
gamma-secretase inhibitors (GSIs) and monoclonal antibodies
(mAbs) against Notch receptor or Notch ligand blocking Notch
signaling were used in a number of clinical trials such as in
T-cell acute lymphoblastic leukemia, breast cancer, pancreatic
cancer, melanoma and colorectal cancer.® It should be noted
that some studies suggested that Notch might act as tumor
suppressive as well.” In liver tissue, the role of Notch is still
controversy. Previous data reported that human liver tissue
could express all the Notch receptors (Notchl, 2, 3 and 4).® Both
DLL4 and JAG1 are the main Notch ligands expressed in the
liver tissue whereas JAG2, DLLI, and DLL3 are undetectable.’
One of the main interest in DLL4 and JAGI function is their
role towards endothelial cells in promoting tumor-associated
angiogenesis.'® However, there is still limited information about
the expression and role of the Notch ligand in hepatocellular
carcinoma cells. In this study, we investigated the expression
profile of DLL4 and JAGI in hepatocellular carcinoma and
non-tumorous hepatocytes tissues by immunohistochemistry
and analyze the association with clinical parameters.

Materials and Methods
Patient specimens

One hundred and forty-five formalin-fixed, paraffin-em-
bedded HCC tissues at King Chulalongkorn Memorial hospital,
from 2009 to 2016 were taken. All HCC tissue samples and cor-
responding noncancerous liver tissue samples were obtained
from patients who had undergone surgical hepatectomy or liver
biopsy. Clinical data, including sex, age, tumor differentiation,
tumor size, HBV or HCV viral infection, albumin, total biliru-
bin, AFP, and metastasis were collected. The study was approved
by the Institutional Review Board (IRB 385/58) of the Faculty of
Medicine, Chulalongkorn University.

Immunohistochemistry

Indirect immunoperoxidase staining was carried out on
four-micrometer-thick sections using an automated stainer
(Ventana Benchmark LT, Tucson, USA). All tissue sections
were cut by the same technologist using the same microtome.
All steps of the immunostaining procedure were performed
in a closed system using identical settings between runs, in
order to maintain consistency in immunostaining. This system
included blocking with normal serum of the same species as
the primary antibody, prior to application of the primary anti-
body. Primary antibodies included a polyclonal DLL4 antibody
(sc-18640, Santa Cruz Biotechnologies; CA, USA at a dilution
of 1:200), and a polyclonal JAG1 antibody (sc-6011, Santa Cruz
Biotechnologies; CA, USA at a dilution of 1:100). The detection

was done by the Ventana Ultraview technology that uses a mul-
timeric secondary reagent. The negative control by omission the
primary antibody was included.

Evaluation of immunostaining and Statistical analysis

The scoring was based on intensity and extensity. The HCC
samples and corresponding noncancerous liver tissue samples
were scored separately. The percentage of positive tumor and
non-tumor cells was determined quantitatively by assessing
the whole section. The intensity of immunostaining was deter-
mined as 0 (negative staining), 1 (weakly positive staining), 2
(moderately positive staining), and 3 (strongly positive stain-
ing). The immunoreactive score of each section was calculated
by sum of these two parameters. A total score was finally
calculated and grade as an expression score negative, weak (I),
moderate (II), strong (IIT). Kruskal-Wallis H test examined the
correlation between JAG1 and DLL4 protein expression and
clinical pathology. All statistical analyses were performed using
the SPSS version 17.0 software package (SPSS Inc., Chicago,
IL, USA). P-values less than 0.05 were considered statistically
significant.

Results
JAG1 and DLL4 expression in hepatocellular carcinoma

The expression of JAGI and DLL4 could be detected in
57.2% (83/145) and 88.9% (129/145) in the hepatocellular car-
cinoma tissues, respectively. We observed that these two ligands
mainly expressed in the cytoplasm of tumor cell (Figure 1). As
for the expression level of JAGI, 23 cases (15.9%) of expres-
sion score I, 30 cases (20.7%) of expression score II, 30 cases
(20.7%) of expression score III, 62 cases (42.7%) of negative
immunoreactivity were observed in the tumors. The expression
level of DLL4 in tumor cells could be categorized as expres-
sion score I'in 31 cases (21.4%), expression score II in 36 cases
(24.8%, expression score III in 62 cases (42.8%), and negative
immunoreactivity in 16 cases (11.0%).

Out of 145 samples, we were able to investigate the expres-
sion pattern in the adjacent non-tumor tissues in 93 cases.
Low-level expression of JAG1 (expression score 0-I) was ob-
served in adjacent non-tumor tissues. The expression of JAG1
was significantly higher in tumor tissues than adjacent non
-tumor tissues (P = 0.002) (Table 1). However, the expression
level of DLL4 was significantly lower in tumor tissues than
adjacent non-tumor tissues (P < 0.001) (Table 1). The expres-
sion level of DLL4 in adjacent non-tumor cells could be seen as
an expression score I in 11 cases (11.8%), expression score II in
17 cases (18.3%), expression score III in 64 cases (68.8%), and
only 1 case as negative immunoreactivity. Interestingly, it should
be noted that the pattern of immunoreaction of DLL4 in tumor
tissue is different from adjacent non-tumor tissues (Figure 1).

The association of JAGI and DLL4 with clinicopathological
parameters

The JAGI expression is significantly increased in patients
with age < 60 years old (P = 0.007) but not with any other clini-
cal parameters (Table 2). The DLL4 expression is not associated
with clinical parameters such as sex, age, tumor differentiation,
tumor size, HBV or HCV viral infection, albumin, total bilirubin,




JAGI and DLL4 in HCC / <
APJAI

Tumor tissue

Negative control

Adjacet non-tumor issue

Figure 1. The immunoreaction of JAG1 (A-E) and DLL4 (F-J) in the cytoplasm of hepatocellular carcinoma and adjacent non-tu-
mor liver tissue (D, I). The intensity of immunostaining was determined as strongly positive staining (A, F), moderately positive
staining (B, G), weakly positive staining (C, H) and the negative control (E, J) (Original magnification, x 200).

Table 1. The expression level of DLL4 and JAG1 in hepatocellular carcinoma and adjacent non-tumor tissue.

Score (%)
n - + ++ +++ P value

DLL4

HCC 145 16 (11.0) 31 (21.4) 36 (24.8) 62 (42.7) <0.001

Adjacent non-tumor tissue 93 1(1.0) 11 (11.8) 17 (18.3) 64 (68.8)
JAGI1

HCC 144 62 (43.0) 23 (16.0) 29 (20.1) 30 (20.8) 0.002

Adjacent non-tumor tissue 104 64 (61.5) 18 (17.3) 15 (14.4) 7 (6.7)

-, Negative staining; +, weakly positive staining; ++, moderately positive staining; +++, strongly positive staining.

Table 2. Correlation between expression of DLL4 and JAG1 and clinicopathological parameters in HCC patient.

DLL4 JAGI1
Total (n = 145) n - + ++ +++ P value - + ++ +++ P value
Age (yr)
<60 70 7 15 19 29 0.671 23 11 16 20 0.007
> 60 76 9 16 17 34 39 12 14 10 il
Gender
Male 124 12 29 31 52 0.645 52 18 29 25 0.574
Female 22 4 2 5 11 10 5 1 5
Tumor size (cm)
<5 59 7 13 12 27 0.471 28 9 11 12 0.516
>5 65 9 14 18 24 24 12 13 13
Differentiation
Well 36 5 3 9 19 0.473 13 6 7 10 0.834
Moderate 72 7 19 17 29 28 13 15 16
Poorly 18 3 2 4 9 8 1 6 3
Albumin
<35 64 8 13 18 25 0.677 22 14 13 14 0.332
>3.5 63 8 12 15 28 31 6 13 13
Total bilirubin (mg/dL)
<1 67 10 15 14 28 0.458 31 8 12 15 0.596
>1 67 6 13 19 29 25 13 16 13

-, Negative staining; +, weakly positive staining; ++, moderately positive staining; +++, strongly positive staining.
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Table 2. (Continued)

DLL4 JAG1
Total (n = 145) n - + ++ +++ Pvalue - + ++ +++ Pvalue
AFP (mg/L)
<400 110 12 24 28 46 0.642 46 16 26 22 0.306
> 400 23 2 5 5 11 7 4 4 7
Cirrhosis
No 45 3 8 13 21 0.165 18 9 10 6 0.386
Yes 84 13 19 19 33 34 12 16 22
Metastasis
No 114 13 25 30 46 0.876 46 21 20 25 0.713
Yes 11 3 1 1 6 5 0 4 1
Diagnostic
HCC 42 3 9 6 24 0.120 19 4 8 10 0.835
HCC+HBV 77 11 11 23 32 30 12 18 16
HCC+HCV 15 2 6 4 3 6 5 2 3
HCC+HBV+HCV 3 0 2 0 1 2 0 1 0
Virus infection
No 44 3 9 7 25 0.065 20 5 8 10 0.762
Yes 93 13 19 26 35 37 16 21 19

-, Negative staining; +, weakly positive staining; ++, moderately positive staining; +++, strongly positive staining.

Table 3. Correlation between expression of DLL4 and JAG1 and clinicopathological parameters in HCC patient without virus
infection.

DLL4 JAG1
Total (n = 42)
HCC without virus infection n - + ++ +++ P value - + ++ +++ P value
Age (yr)
<60 11 0 2 1 8 0.212 2 0 5 3 0.065
> 60 31 3 7 5 16 17 4 3 7
Gender
Male 33 2 20 10 1 0.411 15 3 7 8 0.833
Female 9 2 0 0 7 4 1 1 2
Tumor size (cm)
<5 17 2 2 0 13 0.067 10 1 2 4 0.446
>5 20 1 7 5 7 7 3 4 4
Differentiation
Well 13 0 2 1 10 0.317 6 0 4 3 0.742
Moderate 23 2 5 4 12 10 3 3 7
Poorly 4 1 0 1 2 2 1 1 0
Albumin
<35 15 1 3 3 8 0.705 3 2 3 5 0.043
>3.5 21 2 3 3 13 13 1 5 3 *
Total bilirubin (mg/dL)
<1 23 2 6 2 13 0.880 13 2 4 4 0.132
>1 17 1 3 4 9 5 2 4 5
AFP (mg/L)
<400 31 2 6 5 18 0.478 14 2 7 7 0.885
> 400 7 0 3 1 3 3 1 1 2
Cirrhosis
No 20 2 4 3 11 0.884 9 3 4 3 0.542
Yes 18 1 4 3 10 8 1 2 6
Metastasis
No 33 2 9 5 17 0.975 15 4 5 8 0.815
Yes 3 1 0 0 2 1 0 1 0

-, Negative staining; +, weakly positive staining; ++, moderately positive staining; +++, strongly positive staining.
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AFP, cirrhosis, and metastasis. However, there was a trend of
association between DLL4 expression and viral infection (P =
0.065). Therefore, we sub-analyzed data based on viral infec-
tion. In HCC patients without a viral infection analysis, JAG1
is significantly increased in HCC patients with low albumin
level (< 3.5) (P = 0.043) (Table 3). In HCC patients with a viral
infection analysis, there was no significant difference between
a clinical parameter and JAG1 or DLL4 expression (data not
shown).

The association of JAG1 and DLL4 expression with time to re-
lapse

We further explored the possibility that JAG1 and DLL4
expression might be associated with disease progressions such
as relapse and survival. The patient clinical charts were reviewed
retrospectively. We were able to obtain the relapse data from
ninety-five patients. However, since most of the patients with
relapse were referred back to their primary care hospital or loss
follow up from our hospital which is a tertiary care hospital,
we did not have the information on the time of death and
could not perform the survival analysis. Out of the ninety-five
patients, sixty-five percent (65%) patients developed relapse.
We analyzed factors that might be related to tumor relapse and
was able to confirm that the presence of metastasis, tumor size
more than 5 cm, and poor tumor differentiation were signifi-
cantly associated with relapse (P < 0.001, P = 0.038, and P =
0.048, respectively) (Table 4). As for JAGI and DLL4 expres-
sion, there was no statistically significant association with tumor
relapse (Figure 2). Besides the analysis to all expression level,
we also analyzed by grouping into low expression level (expres-
sion score 0-I) and high expression level (expression score II-
III). Interestingly, there was a tendency of negative association
between DLL4 expression and tumor relapse, although it did
not reach the statistically significant level (Figure 2).

Table 4. The relationship between time to relapse of HCC
patient with a clinical parameter.

Clinicopathological parameters n P value
Tumor Differentiation
Well 20 0.048
Moderate 56 Rk
Poorly 13
Tumor size (cm)
<5 48 0.038
>5 47 ooex
Cirrhosis
No 28 0.767
Yes 66
Metastasis
No 86 <0.001
Yes 6 X
AFP (mg/L)
<400 76 0.579
> 400 13

Discussion

Over the last few decades, Notch signaling has been linked
to many cancers. A lot of studies and clinical data support
that dysregulation of Notch plays a role in oncogenesis or
tumor suppressor depending on a type of cancer.!’ The first
evidence of Notch involvements in an oncogenic role in can-
cer came from the study of T-cell acute lymphoblastic leuke-
mia (T-ALL). The translocation of Notchl and T cell receptor
beta (TGB) locus cause the active ICN in leukemia patients.'
The induction of Notchl mutation found in more than 50%
case of T-ALL."” In a solid tumor, constitutive Notch pathway
expression by increased of Notch receptor/ligand associated
with tumor development including pancreatic cancer, pros-
tate cancer, breast cancer, cervical cancer, and colon cancer.!*'®
However, the activation of Notch was also reported as tumor
suppressor.” A recent report showed that the mice with defi-
ciency Notch” in the skin and primary keratinocytes devel-
oped basal cell carcinoma-like (BCC-like) tumors, caused by
increased Gil2 expression and (-catenin signaling.’® Further-
more, lack of Notchl expression results in susceptibility to
chemical-induced skin carcinogenesis.'® In human skin, Notch
signaling is upregulated in normal adult epidermis compared to
differentiated cells in basal cell carcinoma, psoriasis and wound
healing assay.” The up-regulation of Notch target genes in
normal skin reduced the hyperplasticity of the epidermis after
phototherapeutic treatment of psoriatic plaques.”” The role of
Notch signaling in liver cancer remains controversial. Villan-
ueva and colleagues showed that overexpression of intracellu-
lar domain of Notch (ICN) induces tumor formation in nude
mice through co-overexpressed with Insulin growth factor2
(IGF2) that correlated with HCC development.'® However,
Qi and colleagues demonstrated that overexpression of (ICN)
inhibit HCC growth both in vitro and in vivo by G /G, cell
cycle arrest, decreased cyclin A, cyclin D1, cyclin E and
upregulated p21, p53.”” In Notchl-deficient mice, the liver
mice develop the nodular regeneration and hyperplasia
and activate spontaneous proliferation in the hepatocyte.”
Moreover, increasing of ICN1 inhibit HCC proliferation in
triple knockout RB family mice during tumor progression.
They were also report that the expression of Notch genes cor-
related with HCC patient survival?! In this study, we demon-
strated that JAGI is significantly increased in HCC patients
compared to adjacent non-tumor hepatocytes. These data were
consistent with other studies.””? High expressed JAG1 were
associated with HCC patients with age < 60 years old and low
albumin level (< 3.5) in non-viral associated HCC. Some study
demonstrated that hepatitis B surface antigen carrier rate, and
large-sized tumors were associated with younger patients.?*
We did not see this association in this study. We hypothesize
that the contribution of Notch signaling differs between viral
and non-viral HCC. It is possible that in non-viral associated
HCC, high expression of JAGI might contribute to earlier onset
of disease. However, it remains to be confirmed in study with
larger sample size. The albumin level is a marker for chronic
hepatocellular damage which impaired albumin synthesis.
Some report has shown that JAG1 is strongly upregulated in
injury cell suggesting that Notch is important in liver
regeneration and repair.”® Alagille syndrome (AGS) patients is
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an autosomal dominant development disorder which causes
by JAG1 mutation.’>”” The expression level of JAG1 affects
hepatocyte growth factor genes (HFG) that correlate with
severity of liver defect in AGS.?® In the previous report, JAG1
was shown to correlate with HBx in HCC patients with HBV
infection, and significantly increased in tumor well differen-
tiation grade.”? However, in this study, we could not confirm
those findings. Altogether, accumulating results supported the
role of JAGI1 as an oncogene in liver cancer. Evidence of an
oncogenic role of JAG1 has also been reported in brain cancer,
pancreatic cancer, prostate cancer, and cervical cancer.!

DLL4 is another Notch ligands that have a controversial role
as both oncogenic and tumor suppressive function in T-cell
acute lymphoblastic leukemia (T-ALL) and acute myelogenous
leukemias (AMLs).?*° In the hepatocellular carcinoma, the role
of DLL4 is unknown. Many researches focused on the DLL4
expression in the endothelial cell.*! In this study, we reported
that DLL4 was also expressing in a cytoplasmic of normal
hepatocytes and HCC similar to what has been reported in the
Human Protein Atlas Tissue Atlas and Cancer Atlas (http://
proteinatlas.org). In general, DLL4 expression was not signifi-
cantly associated with any clinical parameters. Interestingly,
the expression level of DLL4 was significantly lower in tumor
tissues than adjacent non-tumor tissues. Moreover, the de-
creased DLL4 expression in the HCC compared to neighboring
tissues tends to associate with tumors with a viral infection,
increased tumor size (in non-viral associated HCC), and a
higher rate of tumor relapse. Another recent study also showed
that DLL4 was mainly expressed in the cytoplasm and cyto-
plasmic membrane of hepatocellular carcinoma and adjacent
non-tumor HCC tissues, respectively. The low level of cyto-
plasmic DLL4 was significantly associated with tumor metas-
tasis.”? However, the mechanism and the role of cytoplasmic
DLL4 in the hepatocyte cytoplasm is still unclear. Interestingly,
previous evidences also showed that DLL4 can be detected
in the cytoplasm of human endometrium® and luteal cell of
pregnant rat.** The diffuse pattern of DLL4 was suggested to be
the result of proteolytic degradation after receptor binding.*
It is possible that aberrant DLL4 expression in the hepatocyte
might be the result of degradation as well; however, further
study is needed. In addition, DLL4 is Notch ligand expressing in
an endothelial cell that important for vasculature development
and critical in angiogenesis for many cancers. The expression
of DLL4 in endothelial cell show a tumor-suppressive func-
tion by inhibiting of neighboring non-small cell lung cancer
(NSCLC) cells proliferation.®® DLL4 has also been protecting
liver damage by downregulating chemokine during in vitro
study of liver fibrosis in kupffer and hepatic stellate cells.*

The role of Notch signaling in hepatocellular carcinoma
is strongly controversial depend on the content of tumor mi-
croenvironment. Interestingly, in this study we observed that
JAG1 and DLL4 expressed in HCC might have an inverse
function as oncogenic and tumor suppressor. The Notchl and
Notch2 expression have also been reported to have contrasting
role in tumor differentiation of human breast cancer tissues.”
A recent study has suggested that DLL4 and JAG1 have
opposite effects in angiogenesis switch.*® The overexpression of
JAGI or inhibition of DLL4 leads to increased vessel density of

APJAI

endothelial cell.* Accumulating evidence shows that constitu-
tive Notch expression or loss of Notch function may have mul-
tiple functions in cancer initiation, tumor progression or tumor
suppressive. In conclusion, this observation supported the
role of JAG1 as an oncogene Interestingly, the pattern of DLL4
expression in adjacent tumor tissue is different from tumor
tissue. We hypothesized that DLL4 might change the localiza-
tion pattern or isoform in the tumor cell. Moreover, the stain-
ing pattern of DLL4 may be used as a confirmatory marker to
separate HCC from non-tumor cells by immunohistochemistry.
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