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Abstract: Identifying patients resistant to cisplatin treatment is expected to improve cisplatin-based chemotherapy
for various types of cancers. Excision repair cross-complementing group 1 (ERCC1) is involved in several repair
processes of cisplatin-induced DNA crosslinks. ERCC1 overexpression is reported as a candidate prognostic factor and
considered to cause cisplatin resistance in major solid cancers. However, anti-ERCC1 antibodies capable of evaluating
expression levels of ERCCI in clinical specimens were not fully optimized. A mouse monoclonal antibody against
human ERCC1 was generated in this study. The developed antibody 9D11 specifically detected isoforms of 201, 202,
203 but not 204, which lacks the exon 3 coding region. To evaluate the diagnostic usefulness of this antibody, we have
focused on gastric cancer because it is one of the major cancers in Japan. When ERCC1 expression was analyzed in
seventeen kinds of human gastric cancer cell lines, all the cell lines were found to express either 201, 202, and/or 203
as major isoforms of ERCCI1, but not 204 by Western blotting analysis. Immunohistochemical staining showed that
ERCCI1 protein was exclusively detected in nuclei of the cells and a moderate level of constant positivity was observed
in nuclei of vascular endothelial cells. It showed a clear staining pattern in clinical specimens of gastric cancers.
Antibody 9D11 may thus be useful for estimating expression levels of ERCCI in clinical specimens.
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Introduction

Platinum compounds such as cisplatin (CDDP),
carboplatin and oxaliplatin have been used as the
standard of care for various cancer patients including
gastric, non-small cell lung, head and neck, and cervical
cancers (/-5). These anti-cancer agents induce cell death
accompanying inhibition of DNA repair pathways.
CDDP forms intra-strand DNA adducts and inter-
strand crosslinks (ICL), which inhibit DNA repair and
replication to induce cell death (6). DNA lesions caused

by CDDP are mainly repaired by nucleotide excision
repair (NER) and Fanconi anemia pathway. NER is
the major pathway for elimination of DNA adducts
generated by CDDP (7). In NER pathway, excision repair
cross-complementing group 1 (ERCC1) forms a tight
complex with xeroderma pigmentosum group F (XPF)
to function as a DNA endonuclease (7). ERCC1-XPF
heterodimer recognizes platinum-DNA adducts and is
required for introducing incision at the ICL lesions (8,9).
For this reason, ERCCI plays an important role in repair
of DNA damage introduced by platinum compounds. It
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has been suggested that ERCC1 overexpression may lead
to chemoresistance to platinum-based therapy in cancer
cells.

It has been reported that ERCC1 overexpression
was associated with poor prognosis after CDDP
treatment of patients such as gastric and non-small cell
lung cancers (/,710-13). These reports suggested that
high ERCC1 expression levels were correlated with
resistance to platinum agents such as CDDP. In advanced
gastric cancer, the measurement of FRCCI mRNA
level showed a positive association with resistance to
cisplatin and 5-fluorouracil-based therapy (/). Thus,
it is considered that ERCCI1 overexpression level may
become a predictive biomarker for CDDP treatment.
Low expression levels of ERCC1 were also reported
to increase sensitivity of lung cancer cells to PARP
inhibitors (14,15).

The ERCC1 gene produces four isoforms (201,
202, 203 and 204) by alternative splicing. Friboulet et
al. reported that only ERCCI1 isoform 202 contributed
to develop cisplatin resistance in a xenograft model of
lung cancer cells A549 (16,17). However, each isoform
contains particular domains for different functions and it
is not elucidated whether other isoforms function or not
in certain cancer types for the repair of CDDP and other
platinum agents. Considering this situation, the antibody
that detects not only 202 but also other major isoforms
of ERCC1 may be useful for evaluation of sensitivity to
cisplatin and other platinum compounds.

Recently, several anti-ERCC1 antibodies for
immunohistochemical staining of clinical specimen
were developed (16,18-21). Anti-ERCC1 monoclonal
antibody 8F1 was available for evaluating the ERCC1
levels in tumor samples of cancer patients. However, 8F1
did not specifically detect ERCC1 and was found to be
cross-reactive with an unrelated protein (/6,18).

In this study, to evaluate the expression level of
ERCCI in tumor samples by immunohistochemical
staining, we developed a novel anti-ERCC1 monoclonal
antibody 9D11 using a method to obtain a high affinity
antibody. We showed that 9D11 antibody can recognize
ERCCls three major isoforms containing exon 3 coding
regions and detected ERCC1 protein in all seventeen
gastric cancer cell lines. It was further shown to detect
ERCCI in immunohistochemical staining of tumor
specimens from patients.

Materials and Methods
Cell culture and reagents

Hybridoma cells were cultured in Hybridoma-SFM
(Gibco, NY, USA) and gastric cancer cell lines MKN45,
HSC-39, HSC-40A, HSC-43, HSC-44PE, HSC-45, HSC-
57, HSC-58, HSC-59, HSC-60, HSC-64, SH101-P4,
MKN-1, MKN-28, MKN-74 and KATO-III were
cultured in RPMI1640 medium (Gibco) supplemented

with 10% fetal bovine serum (Gibco) and 1% penicillin-
streptomycin (Invitrogen, MA, USA) (22,23). Gastric
cancer cell line GCIY was cultured in MEM medium
(Gibco) supplemented with 15% fetal bovine serum
(Gibco) and 1% penicillin-streptomycin (Invitrogen).
HeLa cells were cultured with MEM supplemented with
10% fetal bovine serum and 1% penicillin-streptomycin.
Cells were maintained in a humidified atmosphere with
5% CO, at 37°C.

E. coli strains and plasmids

Plasmid pET-ERCC1 encodes human ERCCI isoform
202 downstream of Py, promoter of pET-Duetl. This
plasmid contains an N-terminal His6 tag conjugated
with ERCCI. For construction of expression plasmids
of other ERCC1 isoforms in E. coli, the pET-ERCC1
was used as a template. The pET-E201, pET-E203
and pET-E204 all contain the N-terminal His6-tag
conjugated human ERCC1 isoforms 201, 203 and 204
cassettes, respectively. These genes were cloned into
the EcoR 1-Sal I double digested pET-Duetl (GenScript,
Tokyo, Japan). E. coli BL21 (DE3) was utilized to
induce expression of ERCC1 isoforms. For expression
in human cells, plasmid RC208787 and RC228204
were purchased from ORIGENE to express the ERCC1
isoforms 201 and 203 with C-terminal Myc and
FLAG tags, in HeLa cells. For expression of ERCCI1
isoform 204 in HeLa cells, plasmid pCDNA-E204 was
constructed from pCDNA3-HsERCC1, which contains
isoform 202 ¢cDNA. This plasmid encodes human
ERCCI1 isoform 204 without tags downstream of the
cytomegalovirus promoter.

Purification of recombinant human ERCCI isoform 202
as the antigen

E. coli transformed with plasmid pET-ERCC1 was
grown in Luria-Bertani broth containing 100 pg/mL
ampicillin at 37°C until ODy,, reached approximately
0.5. Isopropyl-B-,-1-thiogalactopyranoside (IPTG) at 1
mM was then added to induce expression of ERCC1 and
cultured further at 37°C for 5 hr. Cells were centrifuged
at 2500 xg for 20 min, washed with PBS (-) harvested
by centrifugation and sonicated into buffer A (0.5 M
NaCl, 5% (v/v) glycerol, 50 mM Tris-HCI (pHS.0),
1 mM PMSF). After centrifugation at 1700 xg for 25
min, supernatant (soluble fraction) was mixed into 5
ml of TALON Metal Affinity Resin (Clontech, CA,
USA) and incubated on ice for 30 min, loaded onto the
column and washed with 10 column volumes of buffer
A containing 5 mM imidazole. His-tagged proteins were
eluted with 5 column volumes of buffer A containing
500 mM imidazole, and pooled using measurement of
A,g. This fraction was passed through Amicon Ultra
(30K MWCO) (Millipore, MA, USA) to exchange the
buffer and concentrate recombinant proteins. The purity
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of the eluted fraction was confirmed with SDS-PAGE
and Western blotting using anti-ERCC1 antibody 8F1
(Abcam, Cambridge, UK).

Immunization and screening of ERCCI monoclonal
antibodies

Recombinant ERCC1 (ProSpec-Tany TechnoGene
Ltd., Rehovot, Israel) of isoform 202 harboring
N-terminal His6 tag was used to immunize three GANP
mice to generate monoclonal antibodies and purified
recombinant ERCCI isoform 202 as described above
were used for evaluation of conditioned medium in
hybridoma clones by ELISA (TransGenic Inc., Fukuoka,
Japan). Briefly, NUNC Maxi Sorp F96 plates (Thermo
Fisher Scientific, MA, USA) were coated with 1 pg /
ml recombinant human ERCC1 isoform 202 for 1 hr at
room temperature and incubated with PBS-T containing
0.5 % gelatin overnight at 4 °C. Then, conditioned
medium from hybridoma culture supernatant was added
and incubated for 1 hr at room temperature. Substrate
solution containing o-phenylenediamine (OPD) was
added to wells and the reaction was stopped with 1 N
H,SO,. Plates were analyzed using a plate reader at an
absorbance of 490 nm.

Western blot analysis

Western blotting was performed as described previously
(24). Cell extracts were prepared with Laemmli's
buffer and separated by SDS-polyacrylamide gel
electrophoresis and transferred onto PVDF membranes.
The following antibodies were used for Western blotting:
anti-ERCC1 (8F1, Abcam), anti-ERCC1 (FL297) (Santa
Cruz Biotechnology, CA, USA) and anti-B-actin (Sigma-
Aldrich, MO, USA). Immune complexes were visualized
using a horseradish peroxidase-linked secondary
antibody and enhanced chemiluminescence (Millipore,
MA, USA). Image quantification was performed with
Image J software (NIH).

Quantitative RT-PCR (qRT-PCR)

RNA prepared was reverse transcribed using a High
Capacity Reverse Transcription Kit (Thermo Fisher
Scientific, MA, USA). The quantitative RT-PCR (qRT-
PCR) analysis was performed using SYBR Green with
the CFX96 Real-Time System (Bio-Rad, CA, USA) and
StepOnePlus Real-Time PCR System (Thermo Fisher
Scientific). The mRNA levels were normalized by
GUSB. The primers for qRT-PCR were synthesized by
Eurofins Genomics: For ERCC1, forward primer (F2) 5'-
GGGAATTTGGCGACGTAATTC-3, and reverse primer
(R2) 5'- GCGGAGGCTGAGGAACAG-3' and for GUSB,
forward primer 5'-GCCTGCGTCCCACCTAGAAT-3'
and reverse primer 5'-ACATACGGAGCCCCCTTGTC-3'
were used, respectively.

Transfection

MKN45 (2.3 x 10° cells) and HeLa (1.0 x 10° cells)
were seeded onto 6-well and 12-well plates, respectively.
Transfection with plasmid DNA (pCDNA3 Hs-
ERCC1) was performed using Lipofectamine 3000 (Life
Technologies, CA, USA).

For siRNA transfection to HeLa cells, Lipofectamine
RNAIMAX (Life Technologies) was used. Individual
siRNAs were used at a final concentration of 10 nM in
Opti-MEM. The siRNAs for ERCCI (5'-GGCCAAGCC
CUUAUUCCGAUCUACA-3', 5-UGUAGAUCGGAA
UAAGGGCUUGGCCAC-3', (hs.Ri.ERCC1.13.1) were
purchased from Integrated DNA Technologies. DS NC1
siRNA (51-01-14-04) (Integrated DNA Technologies,
IA, USA) was used as a negative control (siN.C.).

Construction of a stable cell line expressing human
ERCCI isoform 202

MKN45 cells (2.3 x 10° cells) were seeded onto 6-well
plates and transfected with plasmid pCDNA3 Hs-
ERCCI, that was digested with restriction enzyme
Pvu 1 and purified with Gene Jet Kit (Thermo Fisher
Scientific). In the N- or C-terminal region, tag was not
conjugated. Two days after transfection, cells were
started in culture with medium containing 800 pg/mL
of G418 for 19 days. After treatment of G418, surviving
colonies were isolated and cultured further for 4 days.
Stable cell lines expressing human ERCC1 were selected
by qRT-PCR with SuperPrep Cell lysis and RT kit for
gPCR (TOYOBO, Osaka, Japan) and confirmed by
Western blotting with anti-ERCC1 (4F9 and FL297).

Preparation of tumor xenografts derived from stable cell
lines overexpressing human ERCCI isoform 202 in mice

MKN45 cells or stable cell lines expressing human
ERCC]1 isoform 202 (1 x 10° cells) were mixed with
Growth Factor Reduced Matrigel (BD Biosciences,
NJ, USA) and injected subcutaneously into flanks of
5-week-old Balb/c-nu/nu nude mice (Japan SLC, Inc.,
Shizuoka, Japan). Tumor diameters were measured
with micrometer calipers, and tumor volumes were
calculated using the following formula: (largest
diameter) x (smallest diameter)’/2. Animal studies
were approved by the Animal Experimental Committee
of the National Cancer Center and performed following
the Guidelines for Animal Experiments of the
National Cancer Center. When tumor volumes reached
approximately 100-220 mm®, mice were sacrificed and
tumors were fixed by formalin. Then, paraftin-embedded
sections were prepared.

Immunohistochemical staining

For immunohistochemical staining of paraffin-
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embedded tissue and tumor sections, the sections were
deparaffinized in xylene and rehydrated. Antigen
retrieval was performed with Envision FLEX target
retrieval solution (Dako Japan Inc., Kyoto, Japan), Low
or High pH (Dako Japan Inc) by autoclave treatment
at 121°C for 10 min. After blocking of endogenous
peroxidase activity with EnVision FLEX Peroxidase
Blocking Reagent (Dako Japan Inc.) for 5-10 min,
samples were washed with Wash buffer (Dako Japan
Inc.) and incubated with anti-human ERCC1 antibody
diluted with Antibody Diluent (Dako Japan Inc.) for 20
min at room temperature. After washing the sections,
samples were incubated with Polymer Reagent (Dako
Japan Inc.) for 20 min at room temperature. After
washing the sections, antibody complexes on the slides
were detected with 3,3'-diaminobenzidine substrate
(Dako Japan Inc.). Immunohistochemical analyses
were also carried out with Ventana Bench Mark XT
Automated Stainer (Ventana Medical Systems Inc.,
Tucson, AZ, USA) using OptiView DAB Universal Kit
with the procedure of OptiView DAB IHC v4 following
standard protocols.

Study samples

Histologically proven gastric cancer patient specimens
used for this study were approved by the Institutional
Ethics Committees of Nagasaki University and National
Cancer Center, within which the work was undertaken
and it conforms to the provisions of the Declaration of
Helsinki.

Purification of anti-ERCC1 monoclonal antibody (clone
No. 9D11)

Fifty ml of Protein G-Sepharose (GE Healthcare Japan,
Tokyo, Japan) was mixed with 2,500 ml of conditioned
medium. After washing the column with PBS (-),
the antibody was eluted with glycine buffer (pH 3.0)
and collected into new tubes (6 ml/fraction). After
neutralization, 280 nm absorbance was measured and
the fractions containing antibodies were pooled and
dialyzed with PBS (-) and concentrated with ultrafilters.

Expression of ERCCI isoforms in E. coli and preparation
of whole cell lysates

Plasmids containing an expression cassette of human
ERCCI isoform 201, 202, 203 and 204, respectively,
were transformed into E. coli BL21 (DE3) and cultured
in LB medium containing 100 pg/ml ampicillin until
0Dy, reached 0.4-0.5. Then, after treatment with 1 mM
IPTG approximately for 5 hr, cells were harvested by
centrifugation at 5700 xg for 10 min. E. coli expressing
ERCCI1 were lysed into Laemmli's buffer containing
Complete Protease Inhibitor Cocktail (Roche, Basel,
Swiss) and the resulting supernatant was obtained by

centrifugation at 13,000 rpm for 10 min (MA-2024
rotor, KUBOTA, Tokyo, Japan) and used as whole cell
lysates.

Immunofluorescence staining

HeLa cells were seeded and transfected with siRNA
of negative control (siN.C.) or ERCC/ in chamber
slides and cultured at 37°C for 3 days. Cells were fixed
with methanol and treated with PBS(-)-1% BSA-10%
FBS for 2 hr. The following antibodies were used for
immunofluorescence staining: anti-ERCC1 (9D11).
Immune complexes were detected using AlexaFluor
594-conjugated mouse secondary antibodies (A-11005)
(Molecular Probes, OR, USA). Finally, cells were
counterstained with 4',6-diamidino-2-phenylindole
(DAPI) using VECTASHIELD Mounting Medium (H-
1200) (VECTOR Laboratories, CA, USA).

Results

Screening of novel monoclonal antibodies against
human ERCC1

To evaluate the expression level of ERCCI in human
tumor tissues, we developed novel monoclonal
antibodies targeting human ERCCI1 that are useful for
immunohistochemical staining. To establish monoclonal
antibodies to ERCC1, GANP mice (25), which can
develop high affinity antibodies, were immunized
with the purified recombinant ERCC1 isoform 202
(Figure S1, https://www.globalhealthmedicine.com/
site/supplementaldata.htmI?ID=23). Thirty clones of
hybridoma cells were obtained and the conditioned
media, which can recognize human ERCCI, were
screened. Analysis with ELISA showed that all of the
conditioned media could bind to the purified ERCC1
(Figure S2, https://www.globalhealthmedicine.com/site/
supplementaldata.html?ID=23). To evaluate antigen
specificities of antibodies in conditioned media, we
also performed Western blot analysis using cell lysate
of gastric cancer cells MKN45, which transiently
overexpressed human ERCCI1 isoform 202. Twenty-six
clones of conditioned media showed detection of ERCC1
at a molecular weight of 37 kDa (data not shown).

Next, we assessed reactivity of antibodies against
ERCCI in immunohistochemistry. For this purpose,
to generate xenograft models of human ERCC1
overexpressing and parental tumors, we established
stable cell lines of human stomach cancer MKN45 cells
that overexpress ERCC1. Clone 14, 2, and 21 expressed
3.6, 2.5, and 1.2-fold levels of ERCCI, respectively,
compared with parental MKN45 cells in Western blots
using commercially available antibody 8F1 against
ERCCI1 (Figure 1A). These MKN45 clones and parental
cells were subcutaneously transplanted into nude mice
to obtain tumor xenografts. Paraffin-embedded tumor
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Figure 1. Establishment and evaluation of ERCC1
monoclonal antibody 9D11. (A) Construction of MKN45
stable cell lines expressing human ERCC1 isoform 202.
Expression of ERCCI in stable cell lines was verified by
Western blotting with antibody 4F9. The expression level
of ERCC1 was 3.6-fold higher in MKN45 clone #14 as
compared with the parent cell line MKN45. (B) Evaluation of
conditioned media of the hybridoma clone #23 that produces
antibody 9D11 by immunohistochemical staining. Expression
of ERCCI1 in the xenograft derived from MKN45 clone #14
(the upper panels) that overexpresses ERCC1 showed a higher
positivity compared with the xenograft derived from parental
MKN4S5 cells (the lower panels). Bar, 50 pm.

sections were then prepared from ERCC1-overexpressed
tumors. We next performed immunohistochemical
staining to validate twenty-six clones using hybridoma
conditioned media. It revealed that hybridoma
conditioned media of six clones 3, 12, 17, 23, 24, and
28 more intensely stained ERCCI in the nuclei of the
tumors derived from MKN45 clone 14 that overexpresses
ERCC1 as compared with those derived from parental
MKN45. Especially, hybridoma conditioned media of
clone 23 (antibody was named 9D11) showed a most
clear nuclear staining pattern in ERCC1-overexpressed
tumor sections (Figure 1B). Accordingly, we focused
on 9D11 as a novel anti-ERCC1 antibody and purified
the antibody from conditioned medium. ELISA analysis
showed that 9D11 antibody could recognize recombinant
ERCCI isoform 202, in a concentration-dependent
manner (data not shown).

Characterization of anti-ERCC1 monoclonal antibody
9DI11
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Figure 2. Immunofluorescent staining with antibody 9D11
in ERCC1 knock-down HeLa cells. (A) (a) Real-time PCR
analysis of ERCC1 mRNA in knock-down cells three days
after transfection of siRNAs, ERCC1 or siN.C. into HeLa cells.
The siRNA treated HeLa showed a decreased ERCCI mRNA
compared to siN.C. condition. (b) Western blot analysis of
ERCCI protein level with antibody 9D11 in knock-down cells
and control cells (siN.C.) after treatment with 5 uM CDDP or
in the absence of CDDP for 10 hr two days after transfection.
(B) ERCCI was detected by immunofluorescent staining with
antibody 9D11 (red color) with DAPI staining (blue color) in
HeLa cells three days after transfection of siERCC! or control
(siN.C.). Bars, 20 pm.

To validate whether antibody 9D11 specifically
recognizes ERCC1, ERCCI was knocked down with
siRNA in HeLa cells. Real-time PCR using F2-R2
primers for exon 4-5, which can amplify all isoforms
and Western blots supported the reduced level of
ERCCI1 (Figure 2A a & b). We noted that HeLa cells
express isoform 202 and/or 203 but not 201 and 204.
Immunofluorescence staining showed that 9D11
antibody exhibited positive staining of HeLa cell nuclei,
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transiently expressed in ERCC! knock-down HeLa cells and whole cell extracts were subjected to Western blot analysis using anti-

ERCCI1 antibodies, 9D11 (A), and FL297 (B). *, non-specific band.

whereas almost no staining was observed in the knocked
down cells with ERCC! siRNA (Figure 2B). The results
suggested that 9D11 antibody specifically recognizes
ERCCI1 protein.

9D11 antibody recognizes isoforms 201, 202, and 203
but not 204

To clarify which isoforms are recognized by 9D11
antibody, we transiently transfected isoforms 201, 202,
203, and 204 expression vectors into ERCC1 knocked-
down HeLa cells, respectively. As shown in Figure 3A,
antibody 9D11 could detect isoforms 201, 202, and 203
but not isoform 204 and no other unrelated proteins,
whereas polyclonal antibody FL.297 detected all isoforms
but non-specific bands were also detected (asterisks in
Figure 3B).

9D11 antibody detects ERCCI in seventeen gastric cell
lines

To examine whether 9D11 detects major isoforms of
ERCCI in gastric cancer, we next examined whether
9D11 antibody can detect ERCC1 protein in seventeen
gastric cancer cell lines of various types. When we
measured ERCCI mRNA expression levels by real-time
PCR using F2-R2 primer set that detects all four isoforms
of ERCCI, all cell lines showed expression of ERCC1 at
various levels (Figure 4A). We next carried out Western
blot analysis of ERCC1 using 9D11. As shown in Figure
4B, all seventeen cell lines expressed ERCC1 protein at
37 kDa that matches the size of isoforms 202 and 203.
In these gastric cancer cell lines, the presence of isoform
204 at 20-25 kDa was not detected with a commercially
available polyclonal antibody FL.297 that can recognize
all four isoforms (Figure 4C). The bands (marked with
asterisks) at the upper position of the 202/203 isoform
band detected by FL297 were considered to be cross-
reactive non-specific bands, because in HeLa cells,
knockdown with siRNA did not affect the expression of
bands at similar sizes (Figure 3B). These Western blot
results with 9D11 and FL297 antibodies suggested that

202 and/or 203 could be the major isoforms in gastric
cancer cells. We also noted that the mRNA and protein
levels of ERCCI did not show a clear correlation. The
specific detection of ERCCI major forms by 9D11
antibody suggests that 9D11 could be useful to detect
ERCCI levels in gastric cancers.

Evaluation of staining with clinical specimens

To further evaluate the reactivity of 9D11, we performed
immunohistochemical staining using the paraffin-
embedded sections of gastric cancers (Figure 5A).
As a result, conditioned medium of hybridoma 9D11
showed a clear pattern of nuclear staining of ERCCI in
the specimen of poorly differentiated adenocarcinoma.
Ganglion cells exhibited a high staining level of ERCCI,
which was consistent with a previous report using
ERCCI1 antibody 4F9 (26), while little cytoplasmic
staining was observed (Figure 5A). We also observed
that vascular endothelial cells show a moderate level of
constant staining.

9D11 antibody was also prepared from a
large scale hybridoma culture and evaluated by
immunohistochemical staining with paraffin-embedded
tumor sections from several gastric cancer patients. As in
the case with the small scale preparation, 9D11 antibody
intensely stained nuclei (Figure 5B). Specimens from
different patients showed diverse levels of staining.
Taken together, analysis by Western blotting, ELISA
and immunohistochemical staining demonstrated
that antibody 9D11 can specifically recognize human
ERCCI.

Discussion

We developed a novel ERCCI monoclonal antibody
9D11 useful for detection of three isoforms 201,
202, and 203 containing exon 3 using GANP mouse,
from which high affinity antibodies can be generated
because of higher rates of mutation in the variable
region of antibodies (25). Our results using knockdown
experiments with siRNA of ERCCI showed that

(231)



Global Health & Medicine. 2021; 3(4):226-235. www.globalhealthmedicine.com

A.
7 -
6 L
°
>
2 5
c
o
P
oo
2]
233 ¢
53
[N
.EQ 2+
5¢
[}
cl¥i}
0
P F PP D P DS P> PSS
S NS N ¢ G N ¢ NS L ¢ (N ¢ N Y I A a2
T FTITTFF TS O
B.
& >
g L Q o S
o & o - ) S N @ A S
S FEdd FESEEEE &
(kpa) ¥ ¥ ¥ ¥ P I ¥ P g §§S S cov¥
50—
ERCC1 37— [ ——— |- i ——— — | 4ERCC1
isoforms
o1 . 202/203
20—
0 —— e mmm e ————-———_—_‘_’
B-Actin 37—
3 -
25 |
2
E_
°E 15 |
>
£%
g& 1t
GO
Q8 o5
s
0
D F R D P ® S PSR PSS
A R N S S Al i Sl A A S
g Qi&o'“ FELEEES SEEE @
& > ~
¢ pfpfpssepar dofFS S
GO &Y & g &S &S
oy EEEELEEEEE FEESESSE
50 — i .
T — - .
ERCCT 37— [Mamlie v o o n s s || S e s s i+ ERCCT
FL297 isoforms
25— . ' 202/203
20— .

B-Actin 374*—————--°——H-—————-

14

1.2

1

o o
& &

ERCCH relative intensity
°
=

(ERCC1/B-actin)

o
N

S F R P DS DS PSP B PSS
&g %‘5’&0" FEEEE %élégl&\ FEEE o

Figure 4. Analysis of ERCC1 mRNA expression and ERCC1 protein isoforms in seventeen gastric cancer cell lines. (A) The
mRNA levels of seventeen gastric cancer cell lines were analyzed by real-time PCR using F2-R2 primer set (mean + SE). (B) The
Western blot analysis of ERCC1 using 9D11 antibody (upper panel) and the normalized ERCC1 levels by p-actin levels are shown
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kDa. The upper bands (asterisks) are cross reactive non-specific bands.

(232)



Global Health & Medicine. 2021; 3(4):226-235.

www.globalhealthmedicine.com

Positive
-control

s Wy

Ganglion cells

Vascular endothelial cells

B) __HE

o
P
A

o
b

$ 78
=
-~
@
F

.
A5
[ Be3ss

=
&
= AN
S
CeWegss,
)iQQ:
-

T
ALY YAeT
<5 pnmer

>
of

Figure 5. Immunohistochemical staining with 9D11 antibody in paraffin-embedded tumor tissue samples of gastric cancer
patients. (A) A gastric cancer specimen of poorly differentiated adenocarcinoma (the top left panel, hematoxylin-eosin staining) was
stained with 9D11 antibody intensely in nuclei (the top right panel) as well as ganglion cells (the bottom left panel, arrow head) and
vascular endothelial cells (the bottom right panel, arrow heads). Bars, 200 um. (B) 9D11 antibody was also prepared from the large
scale hybridoma culture and evaluated by immunohistochemical staining with paraffin-embedded sections of poorly differentiated
adenocarcinoma from gastric cancer patients. In the top panel, hematoxylin-eosin staining is shown at a lower magnification. The
immunostaining of the surrounded square area is shown in the lower right panel with hematoxylin-eosin staining (the lower left
panel). The bar in the top panel, 250 um. Bars in lower panels, 50 pm.

antibody 9D11 is a specific antibody against ERCC1. We
further evaluated whether this antibody can accurately
detect the expression level of ERCCI and is useful for
immunohistochemical staining of tumor tissues using
paraffin-embedded sections. Immunohistochemical
staining using sections from gastric cancers showed an
intense staining of nuclei (Figure 5A and 5B). Taken
together, this study suggested that 9D11 antibody will be
valuable as a novel monoclonal antibody to detect major
isoforms of ERCCI1 specifically in gastric cancers.

In this study, we showed that 9D11 antibody detected
three isoforms 201, 202 and 203 but not isoform 204. We
noted that polyclonal FL-297 antibody, which is able to
recognize all four isoforms, detected only isoform 202
and/or 203 in HeLa cells and seventeen kinds of gastric
cancer cell lines. Therefore, ERCC1 isoform 202 and/or
203 could be major isoforms at least in gastric cancers.
This also implies that 9D11 might be useful to evaluate
ERCCI1 protein levels in gastric cancer specimen.

Monoclonal antibody 4F9 has been recently reported
to specifically recognize isoforms 201, 202 and 203
of ERCC1 and was used to measure ERCCI level in
archival formalin-fixed paraffin-embedded colorectal
cancer specimen (26). However, the correlation of
ERCCI mRNA level and ERCCI protein detection by
4F9 has not been investigated comprehensively. Using
a proximity ligation assay method, Kuo et al. showed
specific detection of functional ERCCI1 isoform 202
with newly established monoclonal antibodies 2C11,

7C3 and 10D10 with 4F9 (27). However, each isoform
contains particular sets of functional domains. Only the
C-terminal domain structure of ERCCI isoform 202 was
analyzed by crystal structure analysis (28,29) and the
structures and functions of the N-terminal domain and
other isoforms have not been clarified yet. Several types
of platinum agents, including carboplatin and oxaliplatin
have been clinically used. Oxaliplatin is reported to kill
cells by ribosome biogenesis stress (30), suggesting
that the different processing of the lesions could be
induced by other platinum agents from that induced
by CDDP. There may be thus possibilities that other
isoforms, such as 201 and 203 may function in DNA
repair pathways after induction of lesions by other types
of platinum agents. Therefore, the antibody that detects
major isoforms of ERCCI, 201, 202, and 203, may be
useful for evaluation of sensitivity to cisplatin and other
platinum compounds.

In this study, we also showed that the established
9D11 antibody can be used to detect ERCCI in archival
formalin-fixed paraffin-embedded cancer and normal
tissues. 9D11 antibody is therefore expected to be useful
for measurement of ERCC1 levels in tumor specimens to
predict sensitivity to chemotherapeutic agents, including
CDDP and other platinum agents. Since other types of
cancer and cancer cells were not evaluated in this study,
our observation is limited to gastric cancers. It should
therefore be examined whether this antibody can detect
major isoforms of ERCC1 in other types of cancers. It
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is further necessary to study the correlation between
the therapeutic effect/prognosis after cisplatin-based
chemotherapy and ERCC1 overexpression level in actual
clinical practice for gastric and other cancers.

In the TCGA database (31,32), amplification of
the ERCCI gene is found in cancers of various types
not only for gastric cancers but also for endometrial
carcinoma, pancreatic adenocarcinoma, cervical
squamous cell carcinoma, non-small cell lung carcinoma,
hepatocellular carcinoma, invasive breast carcinoma
and pleural mesothelioma. Deletion of the ERCCI gene
is found in diffuse glioma, and mature B-cell neoplasm
(Figure S3, https.//www.globalhealthmedicine.com/site/
supplementaldata.html?[D=23). 1t is therefore suggested
that both overexpression and decreased levels of ERCC1
protein level could be present in cancers and these
ERCCI1 states may affect responses to chemotherapies
including cisplatin treatment.

As previously reported, cell death is also effectively
induced in ERCCI1 deficient lung cancer cells with
olaparib and niraparib (/4), poly(ADP-ribose)
polymerase (PARP) inhibitors. A low expression level of
ERCCI in cancer cells is reported to be associated with a
high sensitivity to ionizing radiation and UV irradiation
(33). Additionally, it was reported that cells derived from
XFE progeroid syndrome patients exhibit low expression
levels of ERCC1 and a high sensitivity to mitomycin C
(34). 1t should be therefore further evaluated whether
9D11 antibody is useful for prediction of therapeutic
efficacy including chemotherapy with CDDP, other
platinum agents, mitomycin C, PARP inhibitors and
radiotherapy.

Conclusions

In this study, we developed a new ERCC1 monoclonal
antibody that detects all ERCC1 major isoforms, 201,
202, 203, in gastric cancer cells. We showed that this
antibody can specifically detect the expression level of
ERCCI in immunohistochemical staining of paraffin-
embedded tumor sections, suggesting that 9D11
monoclonal antibody will be valuable to detect major
isoforms of ERCCI1 in gastric cancers and possibly in
various types of cancers.
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