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ABSTRACT

Evaluation of APEX1 and Jagged-1 as chemoresistance
factors in Advanced gastric cancer

Kim Gee Bum
Advisor : Prof. Chul Gab Lee, M.D.& Ph.D.
Department of Medicine,

Graduate School of Chosun University
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|. Introduction

Gastric cancer is common cancer worldwide, especially in eastern Asia,
including Korea. The incidence and mortality rate of gastric cancer has
declined dramatically owing to the early detection and increased surgical
resection of gastric cancer in Korea. However, gastric cancer remains a
highly lethal malignancy, and locally advanced unresectable and metastatic
gastroesophageal cancers are not curable diseases [1].

Cytotoxic chemotherapy in advanced gastric cancer is only palliative therapy.
5-Fluorouracil (5-FU) and platinum, including cisplatin or oxaliplatin,
combination chemotherapy is considered the standard first-line treatment for
advanced gastriccancer; however, the survival time of advanced gastric
cancer (AGC) is only approximately 10 months [2-4]. The major clinical
problem of cytotoxic chemotherapy is chemoresistance and many theories
regarding chemoresistance mechanisms have been proposed [5].

Among them, enhanced DNA repair is one such proposed theory and the
DNA base excision repair (BER) pathway is well known to enhance the DNA
repair pathway[6-8].

Apurinic/apyrimidinic endodeoxyribonucleasel (APEX1) is one of the enzymes
involved in the base excision repair pathway; some studies have shown that
APEX1 expression levels were correlated with chemoresistance in various
cancer cells and an elevated APEX1 protein level has also been associated
with poor outcome in various cancers. Jagged—1 is one of expressed Notch
receptor ligands and Jagged—-1-induced Notch activation plays a role in
various aspects of tumor biology [9,10].

Many studies of the molecular mechanisms related to the progression of
gastric cancer have been performed, as there are few known as therapeutic

targets, such as HER2 [11]. However, the incidence of HER2-positive
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advanced gastric cancer is only approximately 10% and there are no
definitive biomarkers related to chemoresistance for AGC.
In this study, we evaluated APEX1 and Jagged-1 as potential

chemoresistance factors in advanced gastric cancer.
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[l. Materials and Methods

1. Cell cultures

Six human gastric tract cancer cell lines (SNU-1, SNU-5, SNU-16, NCI-N87,
KATO Ill, and AGS) were procured from the Korea Cell Line Bank (Seoul,
Korea). The cell lines were cultured in RPMI1640 medium supplemented,
10% fetal bovine serum and 1% penicillin/streptomycin. This cells were

maintained in a humidified atmosphere with 5% CO? at 37°C.
2. Preparation of drug solution for vitro assays

Agueous solutions of all drugs were prepared in distilled water and were
stored in a deep freezer (CLN-51U). Cisplatin was obtained from JW
Pharmaceutical Corp. (Seoul, Korea) in agueous form as 10 mg in 20 mL.
5-FU was obtained from JW Pharmaceutical Corp. in agueous form as 250

mg in 5 mL.

3. 3-(4, b5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT)

assay

The cell viability was determined by using an MTT (3-4, 5-dimethylthiazole —
2-yl)-2, 5-diphenyl tetrazolium bromide) assay. The MTT assay was
performed in accordance with a standard protocol. After treatment, 10 pL
MTT (1 mg/mL) in PBS was incubated with cells in a 96-well plate for 4 h at
37 °C. Subsequently, the medium containing MTT was removed, and 100 pL

dimethyl sulfoxide (DMSO) was added. The cells were incubated for an
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additional 10 min at 37 °C with gentle shaking. The absorbance was read on

an ELISA plate reader with a 540-nm filter.

4. Small interfering RNA (siRNA)-based experiments

The cells were transfected with siBNA by using RNAIMAX (Invitrogen,
Carlsbad, CA, USA). The sequence used to target APEX1 was 5’
-AAGTCTGGTACGACTGGAGTA-3"; for control shRNA, a nontargeting
scrambled sequence was cloned into psilencer2.1-U6. The gastric cancer
cells were transfected with APEX1 siRNA or scrambled control siRNA by using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) and cultured in a

selection medium containing 400 ug/mL hygromycin for 4-5 weeks.
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lll. Results

1.Western blot analysis of APEX—1 expression in gastric cancer cell lines

First, we checked APEX1 and Jagged-1 protein expression in gastric cancer
cell lines (SNU-1, SNU-5, SNU-16, NCI-N87, KATO Ill, and AGS). APEX1
and Jagged-1 expression were detected by western blotting with a—tubulin
used as a loading control.

The analysis of the western blots revealed that all gastric cancer cell lines
expressed a high level of APEX1, but only two gastric cancer cell lines
(NCI-N87, KATO-Ill) simultaneous expressed APEX1 and Jagged-1; in
particular, only KATO-IIl  strongly expressed APEX1 and Jagged-1
simultaneously (Fig. 1).

Therefore, we selected two cell lines (KATO Il and AGS): KATO Il strongly
expressed both APEX1 and Jagged-1, whereas AGS strongly expressed only
APEX1.

2.MTT assay for chemotherapeutic drugs (5 FU, cisplatin)

An MTT assay was performed to assess the sensitivity of two gastric cancer
cell lines (KATO Ill vs AGS) to well-known effective chemotherapeutic agents:
5-FU and cisplatin (Fig. 2). The cell line (KATO-Ill) was more resistant to all
chemotherapeutic agents (5-FU and cisplatin) than the others (AGS).

Additionally, the ICso values in the resistant cell line (KATO-III) were higher
than those in the sensitive cell line(AGS). The ICso values in KATO-IIl were
1.5-fold and 3-fold higher for cisplatin and 5FU, respectively). These results

showed that the simultaneous expression of APEX1 and Jagged—-1 might be
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related to the resistance factor to the chemotherapeutic agents (cisplatin and

5FU) (Table 1).

3.Western blot analysis of Jagged—1 expression in gastric cancer cell lines

after APEX-1 knockdown

We evaluated the change in APEX1 and Jagged-1 expression levels in the
KATO Il and AGS cell lines after APEX1 knockdown.

We performed a control experiment for the APEX1 knockdown, in which
APEX1-specific siRNA was transfected into KATO Il and AGS. The western
blots showed that when APEX1 siRNA was transfected into gastric cancer
cells, the endogenous APEX1 protein level was knocked down by 80%
compared with the level in control siRNA-transfected cells.

Jagged—1 protein expression in KATO IIl cells was clearly decreased, which

suggested that Jagged—1 was activated by APEX1 in KATO Il cells (Fig. 3).

4 MTT assay after APEX-1 knockdown

Finally, we assessed the change in drug sensitivity of two gastric cell lines
(KATO Il and AGS) after APEX1 knockdown.

First, APEX1 is believed to be a chemoresistance factor to cisplatin and
5-FU by enhancing DNA repair. However, after APEX1 knockdown, the MTT
assay in the chemosensitive cell line (AGS) showed only a minimal decrease
in ICso (approximately 7% and 15%) for the chemotherapeutic agents
(cisplatin and 5-FU ,respectively); however, the chemoresistant cell line
(KATO-Ill) displayed a definite decrease in ICso (approximately 21% and 67%
for cisplatin and 5-FU, respectively).

These results suggested that APEX1, by itself, is minimally related or almost
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unrelated to chemoresistance in gastric cancer. However, gastric cancer cells
simultaneously expressing APEX1 and Jagged—-1 were chemoresistant to
cisplatin and 5-FU. Furthermore, Jagged-1 was activated by APEX1 (Fig 4).

The final result suggested that Jagged-1 activation by APEX1 was a
chemoresistance factor in gastric cancer for cisplatin and, in particular,

5-FU.
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V. Discussion

1. Incidence

Gastric cancer is one of the most common cancers worldwide. It was
described in 3000 BC in hieroglyphic inscriptions and in the first major
analysis of cancer incidence and mortality performed in Verona, ltaly,
between 1760 and 1839. The incidence of gastric cancer varies according to
geographic regions; higher prevalence is found in eastern Asia, Eastern
Europe, and South America, whereas the lowest rates occur in North America
and parts of Africa [1].

Some studies have been conducted on the gastric cancer risk in Japanese
migrants to the United States. The results indicated that early exposure to
environmental factors, rather than genetic factors, had a greater influence on
mortality and incidence rates [12,13]. Such findings strongly suggest that
environmental factors play most important role in the etiology of gastric

cancer and that exposure to risk factors occurs early in life.

2. Risk factor of gastric cancer

Gastric cancer has significant geographical, ethnic, and socioeconomic
differences in distribution.

The environmental risk factors of gastric cancer can be divided into factors
such as diet, obesity, smoking, and Helicobacter pylori. Among these factors,
a diet of salt—preserved foods and nitroso compounds, and H. pyloriare the

most well-known risk factors for gastric cancer; however, no definitive
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molecular pathway has been identified for gastric cancer [14-17].

3. Prognosis and treatment of Gastric cancer

The treatment outcomes of gastric cancer are determined by the stage at
presentation. However, surgery is the only potential curative treatment. The
five—year overall survival rate after surgery varies from 70%—95% in patients
with stage I|-lll gastric cancer. Moreover, the incidence and mortality rates of
gastric cancer in Korea has declined dramatically owing to early detection
and improvements in the surgical resection technique. However, patients with
unresectable advanced gastric cancer have extremely poor survival rates of
less than 10 months after diagnosis. Cytotoxic chemotherapy is only the
palliative treatment. 5—-Fluoropyrimidines and platinum, including cisplatin or
oxaliplatin, combination chemotherapy is considered the standard first-line

treatment for advanced gastriccancer[2-4,18-22].

4. History of chemotherapy for the advanced gastric cancer

Most patients with advanced gastric cancer are treated with palliative
chemotherapy. Since 1995, chemotherapy has provided data about palliation
of symptoms, improved survival, and quality of life compared with the best
supportive care in advanced and metastatic settings. Since the 2000s,
various fluorouracil combination regimens, such epirubicin, cisplatin, and
fluorouracil (ECF), FAMTX (fluorouracil, doxorubicin, and methotrexate), or
MCF (mitomycin, cisplatin, and fluorouracil) have been studied and proven to
improve survival and quality of life [18,19]. Several phase Il trials by the
German Study Group, including the REAL 2 and ML 17032 trials, established

5-FU, including oral 5-FU agents such as capecitabine, and platinum agents,
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including cisplatin and oxaliplatin combination chemotherapy, as the standard
first-line treatment in advanced gastric cancer [20-22].

In summary, 5-FU-based platinum chemotherapy has had a major impact
on gastric cancer; however, cytotoxic chemotherapy even if any combination

revealed a less than 1 years.

5. Target treatment for the gastric cancer

Chemotherapeutic approaches have changed drastically in the last decade
owing to the development of targeted therapies. Therapies targeting receptors
or signaling cascades related to tumor growth or suppression have improved
responses and overall survival in cancer patients. Targeted chemotherapy was
developed through an understanding of the genetic profile and the
pathogenesis of specific cancers, such as non-small cell lung cancer, colon
cancer, and breast cancer.

In gastric cancer, only trastuzumab has been approved as a target—based
therapy, and it is only viable for approximately 10% of HER2-positive gastric
cancers [17]. The other targets investigated for gastric cancer were
epidermal growth factor receptor (EGFR), MET, and immune checkpoint
proteins, such as programmed cell death 1 (PD-1) [23-25]. However, no

definite positive results have yet emerged from various ongoing clinical trials.

6. Chemoresistance mechanism

The chemoresistance mechanism is diverse and is not yet fully understood.
However, various theories have been suggested, such as membrane
transporters, drug inactivation, DNA repair for chemotherapy induced DNA

damage, dysregulation of cell survival, and a combination of mechanisms

_‘]O_
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[5,26-32]. There is little information available about targeted therapies for
gastric cancer [5]; therefore, our study aimed to investigate molecular targets
(APEX1 and Jagged-1) or cascades (Jagged-1 activation by APEX1) as
chemoresistance mechanisms, especially to cisplatin and 5-FU, in gastric
cancer cells.

Currently, 5-fluorouracil and platinum, including cisplatin or oxaliplatin, are
the most effective chemotherapy regimens for gastric cancer[2-4,18-22].
Cisplatin is known as a highly potent DNA-damaging chemotherapeutic
agent, which interferes with DNA replication and kills the fastest proliferating
cells [33].

The mechanism of 5-FU cytotoxicity has been recognized to the
misincorporation of fluoronucleotides into RNA and DNA through inhibition of
the nucleotide synthetic enzyme such as thymidylate synthase [34].

This effect enhances the severe disruption of DNA synthesis and repair,
which results in lethal DNA damage. Chemotherapeutics, such as cisplatin
and 5-FU, usually enhances DNA damage to cancer cells; however, the
upregulation of DNA repair enzymes induces chemoresistance through the
repair of chemotherapy-induced DNA damage [5,32]. It is still unclear
whether the chemoresistance of cisplatin and 5-FU is related to the DNA

repair mechanism.

7. Relationship between APEX-1 and chemoresistance

Our target DNA repair enzyme was APEX1, which is a multifunctional protein
that is essential for base excision repair. Although there are some reports on
the relationship between APEX1 and chemoresistance, no such studies have
been conducted in gastric cancer cells [6-8].

Our research suggested that APEX1 by itself is minimally related or almost

_11_
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unrelated to chemoresistance in gastric cancer.

8. Relationship between Jagged-1 and chemoresistance

Notch signaling has emerged as a focus for research in various solid
tumors; in particularly, the Notch signaling pathway has been determined as
driver of gastric epithelial cell proliferation. Jagged—-1 is one of five Notch
receptor ligands expressed by mammalian cells. Jagged—-1-induced Notch
activation participates in various aspects of tumor growth through the
maintenance of cancer stem cells, promotion of cancer cell survival, inhibition
of tumor apoptosis, and driving malignancy proliferation and metastasis.
Furthermore, it affects not only cancer cells, but also the microenvironmental
components of tumors. Usually, a high expression of Jagged—-1 is a poor
prognostic factor in breast cancer, bladder cancer, leukemia, prostate cancer,
biliary cancer, and gastric cancer [35-39].

In the case of gastric cancer, the activation of Jagged—1 was related to a
poor prognosis and Jagged-1 was also a potential prognostic biomarker of
overall survival of postoperative clinical outcome. Moreover, the involvement
of Jagged—-1-induced Notch pathway activity in chemoresistance has been
reported [40-43].

However, the role of the Jagged—-1-induced Notch pathway in

chemoresistance in gastric cancer has been not investigated.

9. Role of APEX1-mediated upregulation of Jagged-1

Two clinical roles of Jagged—-1 activation by APEX1 has been determined.

First, APEX1 was shown to act as a positive regulator of Jagged—-1/Notch

activity in colon cancer; therefore, colon cancer progression was driven by

_12_
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APEX1-mediated upregulation of Jagged—-1. Second, Jagged-1 activation by
APEX1 was a chemoresistance factor in advanced biliary cancer and the
simultaneous high expression of APEX1 and Jagged—-1 was associated with
chemoresistance in biliary cancer [9-10].

Our results showed that APEX1 expression in the absence of Jagged-1
elevation is almost completely unrelated to chemoresistance in gastric cancer.
However, the simultaneous expression both of APEX1 and Jagged-1 resulted
in the chemoresistance of gastric cancer cells to cisplatin and 5-FU.
Furthermore, APEX1 acted as a positive regulator of Jagged—1/Notch activity

in gastric cancer.

_13_
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V. Conclution

We have suggested that Jagged—-1 activation by APEX1 is a
chemoresistance factor for 5-FU and cisplatin in gastric cancer, especially
5-FU. Our results suggested that patients with advanced gastric cancer who
simultaneously express APEX1 and Jagged—-1 may have a potentially poor
prognosis owing to chemoresistance; therefore, this may be a potential
biomarker of a poor response of chemotherapy and a therapeutic target in
chemoresistant advanced gastric cancers that exhibit high levels of
Jagged—-1/Notch signaling.

Although we demonstrated that Jagged—-1 was activated by APEX1, and that
Jagged—-1 activation by APEX1 was a chemoresistance factor in gastric
cancer, further research is still required.

Direct proof and identification of the exact mechanism by which Jagged-1
activation was driven by APEX1 should be a topic of future studies; in
addition, the main pathway involving Notch, Hedgehog, Wnt, and Jagged-1
for chemoresistance remains to be elucidated.

The main Notch pathway among the various notch signaling pathways
(1,2,3,4) responsible for such chemoresistance should also be investigated
further. The molecular factor that stimulates APEX1 and the molecular factors
that are stimulated by the signaling pathway of Jagged-1 activation by
APEX1 should also be identified.

Finally, clinical studies in patient tissues and other clinical information should
be evaluated.

However, our results showed that the simultaneous expression of Jagged-1
and APEX1 is generally associated with chemoresistance in gastric cancer,

which suggests that APEX1 and Jagged-1 are predictors of the

_14_
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chemoresponse and may provide an important tool for the selection of the
appropriate therapeutic strategy for neoadjuvant chemotherapy for patients
with borderline resectable gastric cancer.

Furthermore, they may also represent a potential therapeutic target to

overcome chemoresistance in advanced gastric cancer.

_15_
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KATO 111 AGS
CISPLATIN(IC50) ug/ml 4.924 3.292
5-FU (IC50) ug/ml 21.381 7.254

KATO Ill /siAPEX1

AGS /siAPEX1

CISPLATIN(IC50) ug/ml

3.875

2913

5-FU (IC50) ug/ml

8.279

6.384

Table 1. MTT assay for chemotherapeutic drugs in gastric cancer cells
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Figure 1. APEX1 expression was found in all gastric cancer cell lines, as
shown Dby western blot. However, KATO-IlIl and NCI-N87 also expressed
Jagged—-1. We selected two cell lines for further experiments: KATO-IlI
(strong expression of both proteins) and AGS (strong expression of APEXT

but no Jagged—1 expression).
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Gastric cancer cell cisplatin Gastric cancer cell 5-FU
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Figure 2. MTT assay of the chemotherapeutic drugs in gastric cancer cells.
(A: 5-FU, B: cisplatin). The cells were plated in 96-well plates and treated
with cisplatin or 5-FU. The ICso values of KATO-IIl cells were higher than
those of AGS cells; the values werel.5-fold and 3-fold higher for cisplatin

and 5-FU, respectively).
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APEX1
Jagged-1

a-tubulin

Figure 3. Western blot of APEX1 and Jagged-1 expression in gastric cancer
cell lines (KATO-IIl and AGS) after APEX1 knockdown. Clear decreases in

expression were found in KATO IlI cells.
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o  AGS cell siRNA APEX1 5-FU AGS cell siRNA APEX1 Cisplatin
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Figure 4. MTT assay of chemotherapeutic drugs in gastric cancer cells. Cells
were plated in 96-well plates and treated with cisplatin or 5—-FU. After APEX1
knockdown, the MTT assay in the chemosensitive cell lines (AGS) showed
only a minimal decrease in ICso (approximately 7% and 15%) for each
chemotherapeutic agent (cisplatin and 5FU, respectively) (A,B). The
chemoresistant cell line (KATO-III) displayed a clear decrease in ICso
(approximately 21% and 67%) for each chemotherapeutic agent (cisplatin and
5-FU, respectively)(C,D).

5 6 7 8 9 10

_27_

Collection @ chosun



AHLE ol& AFA

()
@]
=
9]
+—
2
O
g
—
= S
n g
]
— =
QO
®° S
& T
] -
()
o0
= ¥
9
28| |3
SNRER
— | (@D am
8|5 - &
G VAC
g Mo
R DLH
— & An\w
.. -
| by oMo
~ | 8° S o
ol o o
= o
— < ©
Eg
9]
@ |z
— =
7\|
) S
Br 5
T || T S
o | NE| 5o &
o o
Hr
o -
ek JRe T
AR
| %0 [NF 3

o) Azl vste] g e &

{151_

2elo] A4

3

—_ — =
RN oET =

Ny

Ton

wmr

3

el

N o o
}E_lu_é

XO
I~

o\

X

2

o3

< >
0 0
e F W
o) ~ o
ioE L7
il o
I o
R R O
E <
o B
o
R -
Mﬁ ﬂnﬂ o 7o
N —n
3_._mw i by Jjo
W R T R
ey X eX
AT X !
—_ = K =
N N T 0 — O
R hv,F.mw Ky
ABRET gt
a‘%%oﬂw_fof oH o
E#mw,|.g CHE -
O#‘OI‘JUI‘EIE‘mwﬁ T o
™20 % o
Lo o) © ]&o ~r
ks X
o)) A o 9T
v o =
~ X oy = "
~ X o ) .
N v ]U_.E ﬂu ToR
oo <o
X S~
‘olﬂﬂAl‘n_MﬂAI _1_0|1_,mo i)
o
wWET g B o
ﬂ_rﬂﬁ u_.e oE —
=P g T W
WE®e™ g
X

T ® o N & R
< Mo

—

o~ X

Rk (

E9C 0 )

SRR

23

24

20184

—_—

°
|

‘mo

_28_

Collection @ chosun



	I. Introduction                         
	II. Material and Methods                   
	III. Results                                     
	IV. Discussion                             
	Reference                                      


<startpage>11
I. Introduction                          1
II. Material and Methods                    3
III. Results                                      5
IV. Discussion                              8
Reference                                       16
</body>

