Detection of core2 B-1,6-N-Acetylglucosaminyltransferase in post-digital
rectal examination urine is a reliable indicator for extracapsular extension of
prostate cancer. ’
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Abstract

To identify appropriate candidates for aggressive tre‘atx)nent such as rédical
prostatectomy or radiation therapy of localized prostate cancer (PCa), novel
predictive biomarkers of PCa aggressiveness are essential. Core2
B-1,6*N-acetylglucosaminyltransferaée-1 (GCNT1) is a key enzyme that forms core
2-branched O-glycans. Its expression is associated with the progression of several
cancers. We established a mpuse IgG monoclonal antibody (mAb) against GCNT1
and examined f{he relationship of GCNT1 expreséion to the clinicopathological
status of PCa. Paraffin-embedded PCa specimens were analyzed by
immunohistochemistry for GCNT1 expression using a newly established mouse
anti-GCNT1 mAb by ourgelves. GCNT1-positive tumor showed significantly
higher Gleason score and larger tumor volume. The nuﬁber of GCNT1-positive
cases was significantly IOWer in cases of organ-confined disease than in cases of
extracapsular extension. GCNT1-negative tumors were associated with
significantly better prostate-speciﬁc antigen (PSA)-free survival compared with
GCNTl-positive tumors. - Multivariate énalysis revealed that detection of GCNT1
expression was an independent risk factor for PSA recurrence. We established new

methods for GCNT1 detection from PCa specimens. Immunoblotting was used to




examine post-digital rectal examination (DRE) urine from PCa patients. Over 90%
of GCNT1-positive PCa patients- with high concentrations of PSA showed
extracapsular extension. In conclusion, GCNT1 expression closely associates with
the aggressive potential of PCa. Further research aims to develop _GCNTl‘

detection in post-DRE urine as a marker for PCa aggréssiveness.




Introduction

In the United States and Europe, prostate cancer (PCa) is the most common
malignancy in men and the second-leading cause of cancer-related death [1, 2].
The incidence of PCa is reportedly low in Asian countries [3]. However, its
incidence is rapidly increasing in the Asia-Pacific region [4]. Some of the most
critical issues related to PCa in clinical practice are overdiagnosis and
overtreatment [5]. 'The lack of specificity of prostate-specific antigen (PSA) testing
has resulted in a debate on the usefulness of PSA-based PCa screening [6, 71.
Moreover, unnecessary treatment for indolent PCa with a low malignant potential
is a major issue, as aggressive PCa treatment is sometimes associated with adverse
events. A promising alternate modality to prevent overtreatment is active
surveillance [8]. However, the identification of suit?able patients who are good
candidates for aggressive treatment is associated with difficulties. To date, there
are no perfect tools for precise detection of good candidate for active surveillance [9].
Therefore, the identification and validation of biomarkers of PCa aggressiveness are
important in preventing PCa overtreatment.

Preoperative serum PSA levels and biopsy Gleason scores are conventional_and

powerful predictors of biological outcomes after radical prostatectomy for PCa [10,




11]. To iniprove the risk stratification for PCa recurrence after primary treatment
in patients with locaﬁzed PCa, many investigators have sought biomarkers that
reflect the aggressive potential of PCa [12]. However, the majority of reported
biomarkers have not been validated to provide information that is more useful than
that provided by conventional c]inicopathological parameters.  With a novel
biomarker representing the malignant potential of PCa, more accurate prediction of
PSA recurrence and appropriate treatment selection may be possible;

Cell surface carbohydrate structures are altered during carcinogenesis and play
iniportant roles in cancer metastasis [13, 14]. The presence of sialyl Lewis X,
which is one of the functional terminal structure, on the cell surface of colorectal
cancer is positively correlated with poor prognosis [15]. In a similar way, high
Gleason score prostate cancer sp‘ecimens expressed sialyl Lewis X [16]. Branching
glycan have increased a functional terminal structure, and a binding affinity for
specific lectins [17]. In previous study, mannosyl (alpha-1,6-)-glycoprotein B
-1,6-N-acetyl-glucosaminyltransferase =~ (MGAT5) and Core 2 B -1,
6-N-acetylglucosaminyltransferase-1 (GCNT1) formed GlcNAc 81,6 branching
glycan increased PCa aggressiveness [18, 19].

GCNT1 [20, 21] is a key enzyme that synthesizes core 2-branched O-glycans by




catalyzing the transfer of  N-acetylglucosamine from uridine
diphosphate-N-acetylglucosamine with a B1, 6-linkage to a-N-acetylgalactosamine
of a core 1 O-glycan (Fig 1A). A previous study analyzed GCNT1 mRNA expression
in fresh colorectal tumor samples and showed that expression of core 2-branched °
O-glycans is closely correlated with the malignant potential of colorectal cancer [22].
This is also true for pulmonary adenocarcinoma [23]. In immunohistochemistry
using a polyclénal antil;ody [21], we demonstrated that GCNT1 expression is closely
related with the aggressive poténtial of PCa [18], testicular cancer [24], and bladder
cancer [25]. In recent study, a gene expression ’array showed GCNTl was
overexpressed in prostate cancer tissue [26]. However, the establishment of a
monoclonal anti-GCNT1 antibody ‘is essential for further research, including
validation studies to elucidate the clinical utility of GCNT1 as a biomarker.

Here, we raised a monoclonal antibody (mAb) against GCNT1 by irﬁmunization
of a mouse with GCNT1 specific pVe‘ptide (S1 File) to evaluéte the potential of the
latter as an indicator of PCa aggressiveness. In this study, we demonstrate(i that
the anti-GCNT1 mAb showed high specificity against human GCNT1 and that
- GCNT1 expression in PCa specimens from radical prostatectomy correlates with

PCa aggressiveness. In addition, detection of GCNT1 in post*digital rectal




examination (DRE) urine by the anti-GCNT1 mAb predicted extracapsular
extension of PCa. Therefore, detection of GCNT1 in post-DRE urine may serve as a

minimally invasive method to predict PCa aggressiveness.




Materials and Methods

Materials

ISOGEN 11 Reagént was purchased from Nippon Gene (Japan). A purified
rabbit anti-mouse IgG antibody (y-chain specific) was purchased from Zymed. A
horseradish peroxidése (HRP)-conjugated goat anti-rabbit IgG (H+L) antibody and
an HRP-conjugated goat anti-mouse IgG antibody were acquired from Cell
Signaiing Technology. An HRP-conjugated goat anti-mouse IgG antibody was
acquired from Millipore. Purified mouse myeloma protein from MOPC 21 (IgG, x),
2-mercaptoethanol, and bovine serum albumin (BSA) were purchased from
Sigma-Aldrich. Tween-20 was purchased from Wako Pure Chemicalé‘ (Japan), as
were DMEM and Ham’s F12 medium. Penicillin G/streptomycin solution was from
Hyclone. Precision Plus Protein standards Dual Color were from Bio-Rad, and

skim milk was from Yukijirushi (Japan).

Cells
Chinese hamster ovary (CHO) cells were maintained in the alpha modification

of Eagle's minimum essential medium (a-MEM) supplemented with 100 U/mL of




penicillin, 100 pg/mL of streptomycin, and 10% fetal bovine serum (FBS).

Immunohistochemical analysis of PCa specimens

Between 2005 and 2011, 250 PCa patients were treated with radical
prostatectomy at the Depaftment of Urology, Hirosaki University Graduate School
of Medicine, Hirosaki, Japan. The tumor specimens were formalin-fixed and
embedded in paraffin. Deparaffinized specimens were incubated with 5 png/mL of
mouse anti-human GCNT1 mAb (clone HU127), followed 'by incubation with

HRP-conjugated goat anti-mouse IgG antibody (H+L; Millipore).

Immunoblotting analysis of post-DRE urine specimens

Post-DRE urine was filled into 50 mL conical tubes, frozen immediately, and
stored at -80°C until analysis. Post-DRE urine specimens were collected from 35
patients who underwent radical prostatectomy from 2010 to 2013 at the
Department of Urology, Hiroséki University Graduate School of Medicine, Hirosaki,
Japan. Frozen samples were thawed overnight at 4°C and briefly centrifuged
(5000 x g, 5 min) to separate the supernatant and solids. Fifty microliters of the

supernatant were spotted on to a nitrocellulose membrane. The membrane fixed




with post-DRE uﬁne protein was incubate(i with an anti-GCNT1 mAb (HU127),
followed by an HRP-conjugated secondary antibody. Signals representing GCNT1
were enzymatically detected using the Novex® ECL Chemiluminescent Substrate
Reagent Kit (Life Technologies) and visualized in a ChemiDocXRS+ System
(Bio-Rad). Signal mean values were measured by Image Lab software (Bio-Rad).
Aniount of GCNT1 expression was calculated based on the signal mean values of
recombinant human GCNT1 (R&D systems, 7248-GT). Auto*chemi]iminescent
signals - were subtracted from total signals. Total protein cbncentration of
post-DRE urine samples were measured by a BCA Protein Assay Kit (Pjerce).
Informed consgnt was obtained from all patients. All patients provided their
written informed consent to participate in this study. The ethical committee of
Hirosaki University approved the protocol of this study (The study about
carbohydrate structure change in ufological disease; Approvél nuﬁberi 2014-195).
The study was performed in accordance with the ethical standards of the

Declaration of Helsinki.

Staging and grading of tumors

All patients were preoperatively evaluated using DRE, serum PSA testing, bone




scanning, pelvic computed tomography, and transrectal ultrasonography. Using an
18-G needle, 6-12 prostate neecﬂe biopsy salﬁplés were obtained under ultrasound
guidance. Staging‘ was performed using thé 2002 American Joint Committeé on
Cancer Staging Manual [27], while the Gleason grading system was used for tumor |

grading [28].

PSA measurement and patient fo]léw-up

Serum PSA levels were determined using IMx (Abbott Laboratories, Abbott
Pari(, IL). Postoperative PSA levels | were considered to be increased (PSA
recurrence) if they were > 0.2 ng/mL during two consecutive visits in a 1-month
interval. Time zero was defined as the day of surgery. Patients with constantly
detectable PSA levels (< 0.001 ng/mL) after surgery were recorded as recurrences at
time zero. Follow-up intervals were calculated from the date of surgery to fhe last

recorded follow-up (median, 48.4 months; range, 13.2-82.9 months).

Statistical analysis
The chi-squared test was used to analyze the association of GCNT1 status with

clinical and histopathological parameters. PSA-free survival was evaluated using




Kaplan—Meier curves and differences between groups were assessed using the
log-rank test. We used‘the SPSS 21.0 software package (SPSS, Chicago, IL) for all
statistical analyses.V Optimal PSA and GCNT1 expression cut-off values were
calculated the using the following formula: cut-off = (1 — sensitivity)2 + (1 —

specificity)2 [29, 30].




Results

GCNT1 expression in PCa positively correlates with cancer progression and PSA
recurrence

To confirm antibody specificity for GCNT1, a mouse anti-human GCNT1
antibody was p’uriﬁedy from hybridoma supernatant. Dose-dependent binding of
the mouse anti-human GCNT1 mAb (clone HU127) to iminobi]ized recombinant
human GCNT1 (thGCNT1) was detected using HRP-conjugated gogt anti-mouse
IgG in an enzyme-linked immunosorbent assay (ELISA) (S1A Fig). In the absence
of immobilized rhGCNT1, no antibody binding was observed (S1B Fig). | In
immunoblbtting analysis, the HU127 anti-human GCNT1 mAb bound speciﬁcé]ly to
rhGCNT1, but not to rhGCNT3 (S1C Fig). HU127 anti-human GCNTI mADb also
specifically detected tfansient expression of GCNT1 in CHO cells (S1D and S1E Fig). |
In the case of HU127 anti-human GCNTI mAb premixed with GCNTI peptide
antigen prior to incﬁbation on immunohistochemistry aﬁd immunoblotting, the
GCNT1 signéls were diminished (S1F and S1G Fig). The results also suggested
that HU127 anti-human GCNT1 mAb held high specificity against GCNT1.

To evaluate the role of GCNT1 in PCa progression, PCa specimens were




analyzed by immunohistochemistry using the HU127 anti-human GCNT1 mAb.
The results demonstrated that GCNT1 was weakly expressed in healthy prostate
glands. In contrast, some percentage of PCa cells expressed significant levels of
GCNT1 (Fig 1B). When collated with these criteria, PCa specimens from 250
patients exhibited different clinical parameters (S1 Table). GCNT1 expression in
prostatectomy specimens positively correlated with the pqstoperative Gleason score.
Over 80% of tumor specimens with extracapsular extension of PCa (pT3 and pT4)
expressed GCNT1, and GCNTl'positive tumors were significantly larger than
GCNT1-negative tumors (S2 Table).

As shown in Fig 1C, GICNTl-positive patients were at significantly higher risk
of PSA recurrence after radical prostatectomy. According to multivariate analysis,
PSA levels, margin status, and GCNT1 expression in the tumor were independent

risk factors for PSA recurrence (Table 1).

Detection of GCNT1 in post-DRE urine of PCa patients allows prediction of
extracapsular extension of PCa‘
To establish a semi-quantitative high-throughput screen for GCNT1

expression, post-DRE urine specimens, which contain high concentrations of PCa




proteins, were analyzed by the dot-blotting method using the anti-human GCNT1
antibody (Fig 2). Prediction of extracapsular extension of PCa is a good predictor
of PSA recurrence (S2 Fig). The initial PSA level and GCNT1 expression were
highly correlated to extrécapsular extension of PCa in a logistic regréssion analysis
(Table 2). The optimal cut-off .values for PSA aﬂd GCNT1 expression‘ levels were
determined to be 7.52 ng/mL | and 79.36 pg/mg by the receiver-operator
characteristic curve for prediction éf extracapsular extension of PCa using the
following formula: cut-off = (1 — sensitivity)2 + (1 — specificity)2 [29, 30] (Flg 3A-30).
Based on these clinicopathological parameters, we established following recurrence
risk stratifications: double negative-risk (PSA < 7.52 ng/mL, GCNT1 < 79.36 pg/mg),
single positive-risk (PSA > 7.52 ng/mL or GCNT1 > 79.36 pg/mg) and double
positive-risk (PSA > 7.52 ng/mL and GCNT1 > 79.36 pg/mg). Over 90% of double
positive-risk patients had extracapsular extension of PCa in this risk Stratiﬁcation
(Fig 3D>. These resplts indicate that a ‘high PSA concentration and GCNT1

expression in post-DRE urine are good predictors of extracapsular extension of PCa.




Discussion

Aberrant glycosylation of cell surface glycoproteins plays an important role in
cancer initiation, proliferation, invasion, and metastasis [31-33]. Biosynthesis of
oligosaccharides on glycoproteins is performed in concert by several
glycosyltransferases. The functional terminal structure such as sialy lewis X
(sLeX) and sialyl lewis A (sLeA) is also formed by glycosyltransferases [16, 34].
The sLeX and sLeA, which were widely known ligand of carbohydrate-binding
proteins, are closely related to metastasis [35]. Not only sLe antigens, but also
internal rstructures, particularly GlcNAc betal,6 branchiﬂg struétures and
polylactosamines, are closely related to cancer malignancy [22, 31]. GCNT1 is one
of the glycosyltransferases that forms ’the core 2 O-glycans on the surface of
lymphocytes and various cancer cells [18, 24, 36, 371. APreviously, it was reported
that GCNT1 expression is associated with the metastatic potential of colorectal
cancer 1[22], lung céncer [23], testicular cancer [24] and PCa [18]. It has also been
reported that GCNT1-expressing cancers can escape the host immune response [25,
38], especially from host natural kﬂler cells that bind: to galectin-3 on core
2-branching O-glycans [25, 38].

This study established a mAb against GCNT1 and evaluated its potential as an




indicator of PCa aggressiveness. = Immunohistochemical analysis of radical
prosﬁatectomy specimens showed that GCNT1 expression on PCa cells closely
related to extracapsular extension of PCa (Fig' 1)‘. Moreover, patients with
GCNTl-pbsitive PCa exhibited worse PSA-free survival compared with patients
with GCNT1-negative tumors (Fig 1). These results iﬁdicate that GCNT1
expression strongly correlates with the malignant potential of PCa.

Although immunohistochemistry provided much information on protein
expression in PCa, the analysis was not quantitative. Usiﬁg post-DRE urine, we
established a semi-quantitative and high-throughput screening for the malignant
potential of PCa (Figs 2 and 3). Recent studies reported that prostate cancer
antigen 3 and a TMPRSS2:ERG fusion were two of the most useful indicators of
PCa. These markers were focused on prospective PCa screening and early
detection of PCa [39]. Prostate cancer antigen 3 and the TMPRSS2:ERG fusiqn
almost reported PCR-based study and did not present sufﬁcient biélogical evidence
of PCa aggressiveness. We also reported that detection of aberrant glycosylation of
PSA improved PCa screening but did not predict PCa aggressiveness [40]. In this
study, GCNT1 expression in post-DRE urine\was correléted with extracapsular

extension of PCa. Moreover, a combination of initial PSA concentration and GCNT1




expression could’ predict extracapsular extension in over 90% of PCa. Thereforé,
GCNT1 detection in post-DRE urine improved prediction of PCa invasiveness.
Because GCNT1 is not a cancer-specific protein, its expression was unsuitable
for PCa screening. Therefore, a combination of reported PCa screening markers -
and GCNT1 may improve the development of therapeutic strategies of PCa.
Although the mechanism of GCNT1-driven regulation in cancer progression is
poorly understood, our study demonstrates that GCNT1 can be a predictor of the
malignant potential of PCa. Further clinical research is necessary to determine the

utility of GCNT1 as a biomarker of PCa.
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Table 1. Univariate and multivariable analyses of risk factors for prostate-specific

antigen'recurrence.

Univariate ‘ Multivariable

p-value HR (95% CI) , p-value

IPSA?

1.013 (0.990-1.037)

GCNT1 status 0.028 3.691 (1.070-12.736) 0.039

8 pre-treatment prostate-specific antigen

b Gleason score

¢, cancer existence at the resected margin

4. perineural invasion

°, extracapsular extension

Cl, confidence interval; GCNT1, core2 B-1,6-N-acelylglucosaminyltransferase-1; HR, hazard ratio; PSA,
prostate-specific antigen,

dol:10.1371fjournal.pone.0138520.1001

Table 2. Logistic regression analyses of risk factors for extracapsular extension of

prostate cancer.

HR {95% CI) p-value

GCNT1 status.

B pre-treatment prostate-specific antigen

b Gleason score

Cl, confidence interval; GCNT1, core2 B-1,6-N-acetylglucosaminyliransferase-1; HR, hazard ratio; PSA,
prostate-specific antigen

dol:10.1371/foumal pane.0138520.1002




S1 Table. Core2 B'1,6-]V-acetylglucosamihyltransferase-1 status and patient

data.
GCNT1-negative GCNT1-positive p-value

Number of Patients 80 170

Age (years old)2 67.76 + 5.18 66.82 +5.38 0.096
PSAab 8.23+4.30 9.48+£6.17 0.0561
bxc Gleason score 67.76 £5.18 67.76 £5.18 0.134
G

’Clinical stage (cT) 0.859
(%)

cT1 o  52/159 (32.7%)  107/159 (67.3%)

cT2 25/79 (31.6%) 54/79 (68.4%)
cT3 3/11 (27.3%) 8/11 (72.7%)

¢T4 | 0/1 (0%) 1/1 (100%)

a, Statistical analysis by Student’s t-test; b, pre-treatment prostate-specific
antigen; ¢, biopsy; d, statistical analysis by chi-squared test; GCNT1, core2

B-1,6-N-acetylglucosaminyltransferase-1; PSA, prostate-specific antigen.




S2 Table. Core2 B-1,6- N-acetylglucosaminyltransferase-1 status and

pathological parameters.

GCNT1-negative GCNT1-positive p-value
Number of Patients 80 17 0
GSab 7.30+ 0.74 7.54+0.88 0.017
Final pathological stage (pT) (%)c 0.003
pT2 61/153 (39.9%)  92/153 (60.1%)
pT3 19/96 (19.8%) 77/96 (80.2%)
pT4 0/1 (0%) 1/1 (100%)
Tumor volume (cm3)>  1.54+1.99 2.64+2.51 0.000

a, Gleason score; b, statistical analysis by Student’s t-test; ¢, statistical analysis by

chi-squared test; GCNT1, core2 B-1,6-N-acetylglucosaminyltransferase-1




S3 Table. Patient data of post-digital rectal examination urine specimens.

Number of Patients 35
Age (years old)2 67.57 + 5.32
PSAab 10.17x 7.63

bx¢ Gleason score (GS)2
7 | ‘ 21 (60.0%)
8 | | 14 (40.0%)

Clinical stage (cT) (%)

cTlc 23 (65.7%)
cT2a 5 (14.3%)
cT2b 3 (8.6%)
cT2c 2 (5.7%)
cT3 ; 2 (5.7%)

a, statistical analysis by Student’s t-test; b, pre-treatment prostate-specific antigen;

¢, biopsy; PSA, prostate-specific antigen




Fig 1. Core2 B-1,6-N-acetylglucosaminyltransferase-1 expression correlates with

prostate cancer progression.
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Fig 2. Detection of core2 B-1,6-N-acetylglucosaminyltransferase-1 in post-digital

rectal examination urine specimens,
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Fig 3. Prostate-specific

B-1,6-N-acetylglucosaminyltransferase-1

extension of prostate cancer.
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S1 Fig. Preparation of an anti-human core 2

B-1,6- N-acetylglucosaminyltransferase-1 monoclonal antibody.
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S2 Fig. Extracapsular extension of prostate cancer was one of the strong predictor of

prostate-specific antigen recurrence.
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-S1 Fig. Preparation of an A anti-human core .2
B-1,6-N-acetylglucosaminyltransferase-1 monoclonél antibody.

(A) Binding of the core2 B-1,6- N-acetylglucosaminyltransferase-1 (GCNT1)-specific
antibodies. Culture supernatants were prepared from HU127 hybridoma  cells.
Binding of the anti-human GCNT1 monoclonal antibody (mAb, blﬁe line) ér 1gG
niyeloma MOPC 21 (control, orange line) to immobilized recombinant human
GCNT1 in a concentration-dependent manner (abscissa) was detected using a
horseradish perogidasé (HRP)-conjugated anti-mouse IgG antibody. FError bars
indicate the standard deviation of trip]icaté measurements. Concentrations of the
antibody in supernatants were determined using a sandwich ELISA. The results
are representative of two experiments. (B) The anti-human GCNT1 mAb
recognized immobilized recombinant human GCNT1, but not BSA. (C) To confirm
anti-human GCNT1 mAb specificity, recombinant‘human GCNT1 and GCNT3 were
analyzed using electrophoresis (SDS-PAGE) and transferred to a PVDF membrane.
The aﬁti-human GCNT1 mAb specifically recognized GCNT1, but not GCNTS3. (D)
Immunoblotting apd (E) immunocytochemistry revealed the anti-human GCNT1
mADb also specifically recognized GCNT1 in GCNT1-overexpressed CHO cells. -

Peptide inhibition assay for (F) IHC and (G) dot-blotting methods revealed the




GCNT1 signals were inhibited by GCNT1 antigen peptide pre-treated anti-human

GCNT1 mAb.

S2 Fig. Extracapsular extension of prostate cancer was one of the strong predictor of
prostate-specific antigen recurrence.

Prostate-specific antigen-ffee survival periods were compared between
organ-confined disease (pT2) and extracapsular extension (pT3 and pT4). Survival

was analyzed by Kaplan-Meier curves.




S1 File. Supplementary maferials and methods

Cells. Nonsecreting mouse myeloma P3U1 cells were purchased from the
American Type Cultune Collection (Rockville, MD, IJSA).
Immunization and productjon of hybridoma cells. To generate antibodies, 2 mg/mlL,
of a keyhole limpet hemocyanin (KLH)-conjugated peptide antigen (GCNT1
N240-V260) Was mixed with an equal amount of Titer Max Gold adjuvant
(Sigma—Aldrich). BALB/C mice were immunized twice intraperitonea]ly with a
two-week interval between immunizations. Each mouse received 100 pg of the
KLH-conjugated peptide antigen and Titer Max Gold mixture. The immune
responses of the mice were boosted with an intraperitoneal injection of 40 pg of the
KLH-conjugated antigen peptide.

The mice were sacriﬁced by cervical dislocation three days after the booster
immunization. . Cell suépensions were prepared from :the popliteal lymph node,
- iliac lymph node, and spleen. Lymphncytes were fused with P3U1 myeloma cells
using PEG1500 (Roche, Indianapolis, IN) at 37°C. Fused cells were cultured in
HAT medium containing 20% FBS and incubated at 37°C in a humidified
atmosphere containing 5% COsz.  The culture medium was gradually replaced with

HT medium containing 20% FBS and ALyS-Basal medium supplemented with 5%




-HLCM (Cell Science & Technology Institute, Sendai, Japan). Hybridoma cells
secreting specific antibodies were cloned and recloned using the limiting dilution
method. To obtain serum-free mAb samples, cloned hybridoma cells were cultured
in ALyS -Ab’Pro medium.

To screen hybridomas and assess antibody binding to GCNT1, GCNT1-specific
IgG antibodies in each samplé were quantified by ELISA. Briefly, binding of IgG to
an immdbi]ized ovalbumin-éonjugatéd antigen (1 Og/mL in PBS) on a 96-well
microtiter plate was determined by incubation with a 1:2500 dilution of an alkaline
phosphatase-conjugated goat anti-mouse IgG antibody (y-chain specific). After an
alkaline phosphatase substrate was added, absorbance at 495 nm in each well Was
measured using a microplate reader.

Construction of the expression vector. Coding sequences of GCNT1- and
GCNT3-specific brimers were as follows.
hC2GnT1-SC-Nde-F1; b TTTCATATGAGGATTCATCAAAAGCCT3,
hC2GnT1-XhoR1; 5- TTTCTCGAGTCAGTGTTTTAATGTCTCCA-3,,
hC2GnT2-SC-Nde-F1; 5- TTTCATATGCTGAAACTTTCTTTCAGGTTGAAG-3, and
hC2GnT2-SC-Xho-R1; 5- TTTCTCGAGTCAAAGTTCAGTCCCATAGATGG-3’ were

used to amplify GCNT1 and /GCNTS cDNA, respectively, by PCR to construct a




bacterial expression construct using the pCold-TF DNA vector (TaKaRa, Japan).
PCR products were puriﬁed from agarose gels, sequentially digested with Ndel and
Xhol, and ligated into the pCold-TF DNA vector.

To construct‘a mammalian expression vector, the coding sequence of GCNT1
was amplified by PCR using the primer pair hC2GnT-BamH-Full-F1; 5'-
TTTGGATCCTGCCCTTCACAAAGGAAATC'3’ and hC2GnT-Not-R1; 5-
TTTGCGGCCGCGCCCGTAATGGTCAGTGTTT-3’. The resulting PCR product was
digested with BamHI and Nodl restriction enzymes and ligated into pEBmulti-Neo
(ngo Pure Chemicals).

Determjnatjqn of zﬁonoclona] antibody specificity to GCNTI1 using rbGCNTI.
rhGCNT1 ér BSA were adsorbed to the well walls of a 96-well microtiter plate.
The wells were then blocked with a BSA solution in PBS and hGCNT1 mAbs were
added to each well. Specific binding to GCNT1 was determined by iﬁcubation with a
1:2000 dilution of a HRP-conjugated goat anti-mouse IgG antibody (H+L). After an
HRP substrate was added to each well, absorbance at 405 nm was fneasured ona
microplate reader.

For immunoblotting, 1 mg/mL rhGCNT1 or GCNT3 was applied on an

SDS-PAGE gel. After electrophoresis, proteins were transferred to a PVDF




membrane. The membrane was blocked using 5% skim milk in TBS. GCNT1 was
detected by sequential incubation with an anti-rhGCNTl mAb (clone HU127, 5
pg/mL) and ar.l HRP-goat anti-mouse IgG antibody (H+L; 1:2000) diluted in 0.05%
Tweeh'20 ir; TBS (TBST). Signals representing GCNT1 were enzymatically
detected using the ECL Plué reagent (GE Healthcare).

Determination of the binding specificity of anti-GCNT1 mAb by
imm uuob]étting and imm unocytocbemistry

CHO cells were maintained iﬁ a-MEM supplemented with 10% FBS. Cells
were plated in a 6-well céll culture dish (Thermo Fisher) 24 h before trénsfection.
Cells were transfected using the Xtremer)NE HP DNA transfection reagent
(Roche Diagnostics) with 1 pg of GCN1T, GCNTS3, or an empty vector (mock). For
immunoblotting, the cells were lysed by 1% NP-40 in PBS 72 h post'transfection
and 3 ug proteins from the CHO whole-cell lysate were applied on an SDS-PAGE gel.
After electrophoresis, proteins were transferred onto a PVDF membrane.
Unspecific binding was blocked with 5% BSA in TBST. Next, GCNT1 and GCNTB
were detected using sequential incubation with anti-GCNT1 mAb (clone HU127) or
anti-GCNT3 antibody (Sigma) and HRP-conjugated secondary antibodies (1:2000)

diluted in 5% BSA in TBST. Signals representing GCNT1 and GCNTS3 were




enzymatically detected using the Novex® ECL Chemiluminescent Substrate
Reagent Kit (Life Technologies).r For. immunocytochemistry, CHO cells were
cultured on glass coverslips and transfected by using the XtremeGENE HP DNA
transfection reagent (Roche). Cells were fixed by 4% paraformaldehyde invPBS.
Coverslips were incubated with primary antibodies and Alexa488-conjugated
secondary antibodies. Nuclei was stained by DAPI and cells were visualized by
fluorescence microscopy (EZ-9000, Keyence, Osaka, Japan).

To confirm the binding specificity of anti-GCNT1 mAb under
immunohistochemistry and dot blotting analysig, anti-GCNT1 mAb was premixéd
with GCNT1 peptide antigen (GCNT1 N240-V260). F(;r immunohistochemistry,
GCNT1 positive specimens were incubated with 5 pg/mL of mouse anti-human
GCN’i‘l mADb (clone HU127) which were premixed with BSA or 50 pg/mL GCNT1
peptide antigen, followed b& incubation with HRP-conjugated goat anti-mouse IgG
antibody (H+L; Mi]]ipore).‘ After washing, colored reaction products were
developed using an EnVision+ System-HRP (DAB; Dako) and sections were
counterstained with hematoxylin solution. For dot-blotting methods, rGCNT1
(250, 62.5, 15.6 and 3.9 ng) spotted on to a nitrocellulose membrane. The

membrane fixed with rGCNT1 were incubated with 1 pg/mL of mouse anti-human




GCNT1 mAb (clone HU127) which were premixed with BSA or 10 pg/mL GCNT1
peptide antigen, followed by an HRP-conjugated secondary antibody. Signals
representing GCNT1 - were ~enzymatically detected ‘using the Novex® ECL
Chemiluminescent Substrate Reagent Kit (Life Technologies) and visualized in a

ChemiDocXRS+ System (Bio-Rad).




