
Abstract. Background/Aim: Triple-negative breast cancer
(TNBC) remains difficult to treat and new molecular targets are
needed. Here, we investigated the impact of glycosyltransferase
genes on TNBC patient survival. Patients and Methods: mRNA
expression levels of 101 glycosyltransferase genes in TNBC
patients were compared for correlation with patient survival
using The Cancer Genome Atlas data. An antibody to β-3-N-
acetylgluco-saminyltransferase 8 (B3GNT8) was applied to
investigate B3GNT8 protein distribution and expression levels
in 23 TNBC surgical specimens. Results: B3GNT8 mRNA levels
inversely correlated with relapse-free survival (p<0.01) and
overall survival (p<0.05) in TNBC patients. Anti-B3GNT8
antibody binding was observed as dots in the cytoplasm of
cancer cells. These dots were supposed to correspond to
B3GNT8 protein in tumour cells, but their number was smaller
in relapsed patients than in non-relapsed patients. Conclusion:
B3GNT8 mRNA expression levels in TNBC tumour tissues are
potentially useful in distinguishing patients with favourable and
poor clinical outcomes. 

Triple-negative breast cancer (TNBC) comprises
approximately 15% of breast cancers and is defined by the
lack of oestrogen receptor (ER), progesterone receptor
(PgR), and human epidermal growth factor receptor-2
(HER2) overexpression (1, 2). Because of the lack of
therapeutic molecular targets, TNBC patients receive
standard chemotherapy treatments, commonly anthracycline
followed by taxane. However, in the adjuvant setting only
about one third of TNBC patients respond to such therapy.
In patients who still have residual cancer after these
treatments, the prognosis is poor (3). We focused on cellular
glycosylation, because it has been shown by many
experimental and clinical investigations that it is involved in
malignant progression and metastasis in cancer (4, 5). In
breast cancer, glycosylation has been implicated in cancer
cell growth and metastasis (6). Song and co-workers showed
that GALNT14, a glycosyltransferase, which transfers N-
acetylgalactosamine (GalNAc) to polypeptides, promotes
lung-specific breast cancer metastasis (7). As an upstream
event, a transcriptional activator protein, LAMTOR5, was
reported to modulate GALNT1 activity in breast cancer
leading to abnormal O-glycosylation (8). However, the
biological and clinical significance of glycosylation in TNBC
has not been previously investigated. 

Since glycosylation is controlled by glycosyltransferases, we
conducted a comprehensive search on 101 glycosyltransferase
genes in TNBC patients who did not receive neoadjuvant
chemotherapy for correlation with their survival using The
Cancer Genome Atlas (TCGA) mRNA expression database.
From this search, β-3-N-acetylglucosaminyltransferase 8
(B3GNT8) emerged as a gene whose expression inversely
correlated with the survival of TNBC patients. B3GNT8 is a
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member of the B3GNT family and it transfers N-
acetylglucosamine (GlcNAc) to galactose residues of the non-
reducing terminus of poly-N-acetyllactosamine structures (9-
11). Poly-N-acetyllactosamine comprises a repeated -3Galβ1-
4GlcNAcβ1- and attaches to O-glycans, N-glycans, or
glycolipids. 

Poly-N-acetyllactosamine has long been implicated in
cancer progression and metastasis (12). Ishida and co-
workers recently showed that B3GNT8 expression is
dramatically upregulated in colon carcinoma cells and
provided evidence that this enzyme is involved in the
synthesis of poly-N-acetyllactosamine on β1-6 branched N-
glycans in colon carcinoma cells (11). In another study, Ni
and co-workers showed that BG3NT8 regulates the
metastatic potential of colorectal carcinoma cells by altering
the matrix metalloprotease-inducing function of CD147 (13).
Jiang and co-workers showed that B3GNT8 overexpression
in colon carcinoma cells promoted the invasion of cells
through changes in glycosylation of CD147 driven by
B3GNT2, whereas B3GNT8 knockdown inhibited the
invasion (14). Furthermore, knockdown of B3GNT8 in
human colorectal carcinoma cell lines reverted
chemotherapeutic drug resistance by suppressing the
formation of poly-N-acetyllactosamine, according to Shen
and co-workers (15). Despite these extensive investigations
on the involvement of B3GNT8 in colon carcinoma biology,
the role of this enzyme in the malignant behaviour of TNBC
has not been reported. Therefore, it is intriguing that
B3GNT8 mRNA levels were found to be correlated with poor
survival in TNBC patients. Thus, B3GNT8 mRNA
expression potentially serves as a clinically useful indicator
of patient survival independent of other clinicopathological
variables. In the present study, B3GNT8 protein expression
and distribution were investigated in surgical specimens from
TNBC patients by antibody binding. The subcellular
localization was unique. The binding sites were distributed
as a small number of dot-like structures. The possible
molecular and cellular basis of these findings is discussed.

Patients and Methods
Comparisons of the expression levels of glycosyltransferase genes
in TNBC between relapsed and non-relapsed patients. The Breast
Invasive Carcinoma RNA-seq data set of 817 breast cancer patients
from the cBioPortal Cancer Genomics website (16) was
downloaded. TCGA cancers selected for this study were originally
published by the National Cancer Institute (17). Intrinsic
classification results by PAM50 were obtained by the
“TCGAbiolinks” package using the R project for statistical
computing (18). TNBC patients were selected according to the
following criteria: ER (–) by immunohistochemistry (IHC), PgR (–)
by IHC, and HER2 score 0 or 1 by IHC. Further, among patients
with a HER2 score of 2 by IHC, those with HER2 fluorescence in
situ hybridization (FISH) negative result were selected. In addition,
for patients with a HER2 score of 2 by IHC and no available FISH

data, those with PAM50 intrinsic classification as triple-negative
(19) were selected. Finally, patients with a HER2 score of 2 by IHC
with neither FISH data nor PAM50 data were excluded from
analysis.

Relapse-free survival (RFS) and overall survival (OS) analyses
were performed using Graphpad Prism 8 (GraphPad Software, San
Diego, CA, USA). Patients were divided into higher- and lower-
expression groups, using the median of the B3GNT8 mRNA
expression level (log2 values) as a cut-off. The relationship between
B3GNT8 mRNA expression and clinicopathological variables was
analysed using GraphPad Prism 8 software, and statistical
significance was evaluated by the Mann–Whitney U-test or the
Kruskal–Wallis test where appropriate. 

To investigate the relationship between B3GNT8 mRNA
expression and clinicopathological variables, patients were stratified
into Stages I to IV and classified into TNBC subtypes by applying
Lehmann’s TNBCtype-4 classification (20). Differences in B3GNT8
mRNA expression between patients with relapse and patients
without relapse were analysed by the Mann–Whitney U test using
a cut-off median. A p-value <0.05 was considered statistically
significant.

Research involving human participants. The study was carried out
with approval from the Ethics Committee of Juntendo University
Hospital (no: 2017013) and has been performed in accordance with
the ethical standards laid down in the 1964 Declaration of Helsinki
and its later amendments or comparable ethical standards.

Informed consent. All specimens for immunohistochemistry were
collected after patient consent, which was obtained by opt-out using
the home page provided by Juntendo University’s ethical committee.

TNBC cell lines. MDA-MB-468, HCC1937, HCC70, DU4475,
HCC1187, HCC2157, HCC1806 and BT549 cells were cultivated
in RPMI1640 (Thermo Fisher Scientific, Waltham, MA, USA).
Hs578T cells were cultured in DMEM (Thermo Fisher Scientific).
MDA-MB-453, MDA-MB-231, BT20, and MRK-nu-1 cells were
cultured in DMEM/F-12 (Thermo Fisher Scientific). Medium
supplements were added as specified in the American Type Culture
Collection product sheet for each cell line, except for MDA-MB-
231, MDA-MB-453, and BT-20, which were cultured in DMEM/F-
12 supplemented with 10% FCS and MDA-MB-468, which was
cultured in RPMI1640 supplemented with HEPES and 10% FCS.
All cell lines were cultured in a humidified atmosphere with 5%
CO2 at 37˚C.

Quantitative real-time PCR analysis. Total RNA of TNBC cell lines
was isolated using PureLink RNA mini kit (Thermo Fisher Scientific)
according to the manufacturer’s protocol. Five micrograms of isolated
total RNA were reverse transcribed with SuperScript IV reverse
transcriptase (Thermo Fisher Scientific). One of twenty-two equal
parts of the resulting cDNA was used for quantitative real-time PCR
analysis using SYBR Green Master Mix Kit and a 7500 Fast Real-
time PCR System (Applied Biosystems, Foster City, CA, USA). The
following PCR primers were used: ACTB forward; 5’-CAGACGC
TCAAAGACCTGCT-3’ and reverse; 5’-AGCTCGCAAGACAAAA
CTCAC-3’, B3GNT8 forward; 5’-CAGACGCTCAAAGACCTGCT-
3’ and reverse 5’-AGCTCGCAAGACAAAACTCAC-3’. The relative
expression data were calculated by 2−ΔΔCt method using ACTB
mRNA expression as internal control.
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Construction of B3GNT8-expressing plasmid, plasmid transfection
and establishment of B3GNT8-overexpressing cells. The B3GNT8-
encoding plasmid pcDNA3.1-B3GNT8-FLAG was kindly provided
by Dr. Kiyohiko Angata (National Institute of Advanced Industrial
Science and Technology, Tokyo, Japan). The IRES-Venus sequence
was amplified by PCR using specific primers (forward primer: 5’-
CGCGCGGCCGCTTCGCGGATCCGCCCCTCTCCC-3’, reverse
primer: 5’-CGCTCTAGAGGCTCGAGAGGCCT-3’), and CSII-EF-
MCS-IRES2-Venus plasmid (RIKEN Bio Resource Center,
Tsukuba, Japan) was used as the template. Amplified IRES-Venus
fragment and pcDNA3.1-B3GNT8-FLAG plasmid were digested
with NotI and XbaI (New England Biolabs, Ipswich, MA, USA),
and the digested IRES-Venus fragment was ligated to the B3GNT8-
FLAG sequence (pcDNA3.1-B3GNT8-FLAG-IRES-Venus). The
sequence of the constructed plasmid was confirmed by Direct DNA
sequencing (FASMAC, Kanagawa, Japan). BT20 cells (5×105 cells)
were seeded on a 6-well plate one day before transfection. Cells
were transfected with pcDNA3.1-B3GNT8-FLAG-IRES-Venus by
using Lipofectamine 3000 (Thermo Fisher SCIENTIFIC, Waltham,
MA, USA) according to the manufacturer’s protocol. Forty-eight
hours after transfection, cells were washed with PBS and
subsequently cultured in new medium containing 200 μg/ml of
G418. Eleven days after G418 selection, Venus expression was
confirmed and high-expressing cells were enriched by sorting with
a BD FACSAria III (Becton Dickinson, Franklin Lakes, NJ, USA).
The enriched cells were used as B3GNT8-overexpressing cells.

Confirmation of B3GNT8-overexpressing cells by SDS-PAGE and
western blotting analysis. Cultured cells were washed with PBS
and harvested using a cell scraper. Cells were lysed with lysis
buffer (10 mM Tris-HCl pH 7.2, 0.25 M sucrose, 0.05 μM CaCl2,
0.5% NP-40, 1/200 diluted protease inhibitor cocktail III). Protein
concentration was measured with the BCA assay (Thermo Fisher
Scientific). Twenty micrograms of protein lysates were loaded per
lane, separated by SDS-PAGE, and blotted on a polyvinylidene
difluoride membrane (Millipore, Burlington, MA, USA). The
membrane was blocked with Bullet Blocking One (Nacalai Tesque,
Kyoto, Japan) and incubated with anti-B3GNT8 antibody (NSJ
Bioreagents, San Diego, CA, USA, 0.5 μg/ml) at 4˚C overnight
followed by HRP-goat anti-rabbit antibody (Jackson Immuno
Research Laboratories, West Grove, PA, USA, 1/3,000) and
incubated for 45 min at room temperature. The band was visualised
using Clarity Western ECL detection reagent (Bio Rad, Hercules,
CA, USA). 

Patient selection, immunocytochemistry and immunohistochemistry.
During the period from May 2006 to September 2017, 112 TNBC
patients underwent curative surgery at Juntendo University Hospital.
We examined surgical specimens rather than biopsy specimens in
order to reduce effects possibly introduced by tumour heterogeneity.
In addition, we selected patients who had not received preoperative
chemotherapy but postoperative standard chemotherapy regimens to
minimise any bias stemming from differential tumour cytotoxicity
effects. The flow of patient selection is shown in Figure 1. Based on
the patient selection criteria, we included 23 Stage II cases whose
surgical specimens were available into the current study. All patients
received standard systemic chemotherapies following surgery.

Polyclonal rabbit anti-B3GNT8 antibody (Atlas, Bromma, Sweden)
was used for immunocytochemical and immunohistochemical staining.
Specificity of the antibody was confirmed using BT-20 cells

transfected with B3GNT8-encoding plasmid pcDNA3.1-B3GNT8-
FLAG. Five thousand B3GNT8-overexpressing BT-20 cells and three
thousand mock BT-20 cells were seeded on Lab-Tek II chamber slides
(Nunc, Roskilde, Denmark) 4 days before staining. Cells were washed
with PBS and fixed with PBS containing 4% (w/v) paraformaldehyde
at room temperature for 15 min.

Immunohistochemical staining of breast cancer tissue was
performed on 4-μm sections of formalin-fixed and paraffin-
embedded surgical specimens. Paraffin sections were deparaffinised
in EZ Prep (Ventana Medical Systems, Oro Valley, AZ, USA).
Antigen retrieval was carried out with CC1 (Ventana Medical
Systems) for 1 h. 

Cell and tissue staining were performed using the iView™ DAB
Detection Kit (Ventana Medical Systems) on an automated staining
apparatus, BenchMark-GX (Ventana Medical Systems), according
to the manufacturer’s instructions. As primary antibodies, rabbit
anti-human B3GNT8 antibody (Atlas) (1 μg/ml for BT-20 mock and
BT-20 transfected cells; 4 μg/ml for tissue sections) was incubated
for 32 min at 37˚C, and anti-FLAG antibody (clone M2, Sigma-
Aldrich, St. Louis, MO, USA) (5 μg/ml for BT-20 mock and BT-20
transfected cells) was incubated for 120 min at 37˚C. Stained
specimens were examined at various magnifications with an
Olympus CX-41 microscope (Olympus, Tokyo, Japan). Because
anti-B3GNT8 antibody binding to cancer cells in the surgical
sections was observed as small, dot-like structures, the number of
dots was counted in enlarged microscopic photographs assuming
that this number represents the amount of B3GNT8 protein. The
number of dots per cell from all patients were compared.
Quantitative analysis was carried out using GraphPad Prism 6
software. Statistical significance was evaluated by the Mann–
Whitney U-test. p<0.05 was considered statistically significant.

Results

Characteristics of TNBC patients chosen from the TCGA
breast cancer data set and relationship of B3GNT8 mRNA
expression with RFS and OS. To investigate whether the
expression levels of any glycosyltransferase gene correlate to
the survival of TNBC patients, 817 breast cancer patients in
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Figure 1. Patient selection flow chart. 



the TCGA data set were investigated. Based on the definition
for TNBC stated in the Material and Methods, 112 patients
were selected as having TNBC. B3GNT8 mRNA expression
data were available for 109 out of these 112 patients. The
median values (log2) and the range (min, max) of B3GNT8-
mRNA expression levels were 5.013, 1.877, and 9.081,
respectively. Approximately 37.6% of the patients were 50-59
years old, 80.7% of the patients had Stage I or II breast cancer,
and only 0.9% of the patients presented with Stage IV breast
cancer. Additional patient characteristics are shown in Table I.
Overall, this TNBC cohort corresponds well to the patient
population usually encountered in the clinical setting.

Among 101 glycosyltransferase genes tested, mRNA
expression levels of B3GNT8 (log2), with a median value of
5.013 (range=1.877-9.080), showed a significant inverse
correlation with RFS and OS in this cohort. Patients with
RFS had a significantly lower B3GNT8 expression level than
patients who experienced cancer relapse (p=0.003) (Figure
2A). Similarly, patients who survived had a significantly
lower B3GNT8 expression levels compared to patients who
eventually died of the disease (p=0.017) (Figure 2B).
Further, Kaplan–Meier analysis of the TCGA dataset
revealed that recurrence-free survival was significantly worse
in patients with high B3GNT8 expression (p=0.008) (Figure
2C). However, overall survival was not significantly different
(p=0.078) (Figure 2D). 

RFS results were verified with another database from
DNA microarray analysis, the Kaplan–Meier-Plotter
database, employing a data set of 161 TNBC patients (21,
22) (Figure 3). Such a consistent correlation in separate
databases was not observed with the expression levels of any
other glycosyltransferase gene tested.

Relationship between B3GNT8 mRNA expression and
clinicopathological variables. Further analysis revealed that
B3GNT8 mRNA expression was independent of patient age
(Figure 4A), menopausal status (Figure 4B), and histological
diagnosis (Figure 4C). A significant difference in B3GNT8
mRNA levels was found between Stage II and Stage III
patients (p<0.01), but not between Stage I and Stage II
patients (Figure 4D), showing that B3GNT8 mRNA expression
levels do not consistently correlate with pathological Stage.
When B3GNT8 expression levels were compared after
classifying patients according to Lehmann’s TNBCtype-4 (20),
B3GNT8 levels were significantly lower in patients with BL1
type than in patients with BL2, M, or LAR type (p=0.0074)
(Figure 4E). These results indicate that B3GNT8 mRNA
expression is significantly lower in BL1 subtype. 

TNBC patients were stratified according to Stages I to IV
and then investigated for correlations between B3GNT8
mRNA levels and patient survival. The results revealed that
median B3GNT8 levels were lower in relapse-free patients, but
the differences were statistically insignificant (Stage II:
p=0.38, Stage III: p=0.122) (Figure 5A). Lower levels of
B3GNT8 were observed in patients who were alive than in
patients who eventually died of the disease, but the differences
were not significant (Stage II: p=0.48, Stage III: p=0.055)
(Figure 5B). Taken together, at least among Stage II and Stage
III patients, patients with a better clinical outcome tended to
have a lower B3GNT8 mRNA expression levels, suggesting
that the prognostic value of B3GNT8 mRNA expression levels
is independent of pathological stage. 

When TNBC patients were stratified according to
Lehmann’s TNBCtype-4, median B3GNT8 levels were lower
in relapse-free patients than in patients who experienced
relapse or progression in all Lehmann’s TNBCtype-4
subtypes. The difference was statistically significant in
patients with BL2 type but not with other types (BL1:
p=0.056, BL2: p=0.03, LAR: p=0.43, M: p=0.52) (Figure
5C). Patients who survived had lower B3GNT8 expression
levels than patients who eventually died of the disease,
except for patients with LAR type, and the differences were
not statistically significant (BL1: p=0.093, BL2: p=0.076,
LAR: p=0.64, M: p=0.34) (Figure 5D). The results of Figure
5C and D indicate that lower B3GNT8 mRNA expression
levels tended to be associated with better clinical outcome in
patients with BL1, BL2, and M type, suggesting that
B3GNT8 mRNA expression levels have a prognostic value
for these TNBCtype-4 types. 
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Table I. Clinicopathological characteristics of 109 TNBC patients from
the TCGA data set. Patients were selected according to the following
criteria: oestrogen receptor-negative, progesterone receptor-negative,
human epidermal growth factor receptor 2-not overexpressed. 

                                                                       Number of patients (%)

Age (years)
30-39                                                                        6 (5.5)
40-49                                                                      25 (22.9)
50-59                                                                      41 (37.6)
60-69                                                                      21 (19.3)
70 or greater                                                          16 (14.7)

Menopausal status                                                         
Pre-menopausala                                                    28 (25.6)
Post-menopausalb                                                  72 (66.1)
Indeterminate                                                           3 (2.8)
Unknown                                                                  6 (5.5)

Pathological stage                                                         
I                                                                              19 (17.4)
IIA/B                                                                      69 (63.3)
IIIA/B/C                                                                 18 (16.5)
IV                                                                             1 (0.9)
Unknown                                                                  2 (1.8)

aDefined as <12 months since last menstrual period AND no prior
bilateral ovariectomy AND not on estrogen replacement. bDefined as
prior bilateral ovariectomy OR>12 months since last menstrual period
with no prior hysterectomy.



Immunohistochemical localisations of B3GNT8 protein in
surgical specimens from TNBC patients. Thirteen TNBC cell
lines were screened for B3GNT8 mRNA expression by real-
time PCR (Figure 6A). To assess the binding and the
specificity of anti-B3GNT8 polyclonal antibody, BT-20 cells

were transfected with B3GNT8 plasmid vector. B3GNT8
mRNA overexpression in transfectants was confirmed by
quantitative real-time PCR (Figure 6B). Protein expression
was confirmed by western blotting analysis with a polyclonal
anti-B3GNT8 antibody (Figure 6C). Staining of fixed cells
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Figure 2. B3GNT8 mRNA expression levels inversely correlate with relapse-free survival (RFS) and overall survival (OS) in triple-negative breast
cancer (TNBC) patients in a TCGA dataset. An RNA-seq data set of 817 breast cancer patients was downloaded from the cBioPortal For Cancer
Genomics website (16) and 112 patients were selected as having TNBC. Hundred and three and 109 patients were available for RFS and OS analysis,
respectively. (A) B3GNT8 mRNA expression and RFS. (B) B3GNT8 mRNA expression and OS. p-values: two-tailed Mann–Whitney U-test. *p<0.05;
**p<0.01. The median of B3GNT8 expression level is shown as a line. (C) Kaplan–Meier survival curve, RFS. (D) Kaplan–Meier survival curve, OS.
Patients were divided into a high and a low expression groups using the median of the B3GNT8 mRNA expression level (log2) as a cut-off (median:
5.013, range=1.877-9.080). p-values: log-rank test. The mean observation period was 35.8 months, the longest observation period was 110 months.



was performed with another anti-B3GNT8 polyclonal
antibody alongside anti-FLAG antibody. Anti-B3GNT8
antibody binding was observed in the cytoplasm of BT-20
cells transfected with B3GNT8 (Figure 7A), while no staining
was observed in BT-20 mock cells (Figure 7E) or controls
(Figure 7B and F). Sites where strong binding was observed
were the perinuclear area within the cytoplasm, likely to be
associated with the Golgi apparatus. The staining pattern of
anti-FLAG antibody was nearly identical to that of anti-
B3GNT8 antibody in B3GNT8-expressing cells, supporting
the specificity of the anti-B3GNT8 antibody (Figure 7 C, D,
G, and H). These results indicate that this anti-B3GNT8
antibody can be used for immunohistochemistry of fixed,
paraffin-embedded TNBC cells.

Anti-B3GNT8 antibody staining in sections of surgical
TNBC specimens was observed as discrete dot-like
structures within the cytoplasm of TNBC cells (Figure 7I and
K) compared to control (Figure 7J and L).  

Comparison of numbers of dot-like structures in relapse
patients and non-relapse patients. Twenty-three surgical

specimens from Stage IIA and IIB TNBC patients were
investigated. Clinicopathological characteristics of these
TNBC patients are shown in Table II. All patients had not
been given neoadjuvant chemotherapy but had received
postoperative chemotherapy uniformly according to the
guideline of the Japanese Breast Cancer Society. Patient
average age was 57.8 years (recurrence group 61.2 years, no
recurrence group 54.8 years), and the average observation
period was 52.1 months. B3GNT8 staining appeared as dots
in the cytoplasm of cancer cells (Figure 7I and K). The
number of dots varied among specimens. Some specimens
had many and other specimens had few dots. Because dot-
like structures were the only site where antibody-binding was
observed, we assumed that the dot-like staining reflects the
expression levels of B3GNT8 protein in these cells. One
representative section of each TNBC patient was chosen and
the numbers of dot-like structures in three randomly selected
areas of 91,000 μm2 were counted. The numbers of dots in
tumour cells were visually counted on light microscopy
photographs. The number of dots was normalised against the
number of cancer cells present in the counting area. Figure
8 shows the comparisons of these values from 23 specimens
plotted against their clinicopathological characteristics. As
shown in Figure 8A, the number of dots was significantly
greater in patients without disease-relapse (p=0.01). Other
parameters, such as age (Figure 8B), menopausal status
(Figure 8C), pathological diagnosis (Figure 8D), and nuclear
grade (Figure 8E) did not show any correlation. Contrary to
our hypothesis, the number of dots was significantly lower
with tissue sections from patients having early relapse.
Therefore, if the number of dots corresponds to the amount
of B3GNT8 protein, the protein amount is high in TNBC
cells in patients who did not have relapse.

Discussion

TNBC is a breast cancer subpopulation characterised by a lack
of ER, PgR, and HER2 overexpression. Some, but not all
TNBC patients experience rapid tumour growth, distant
metastases, and early relapse after tumour resection. For this
reason, molecular markers to identify subgroups having
different clinical outcomes should provide important
information for making therapeutic decisions and finding new
therapeutic targets. In the present study, using a TCGA data
set, we found that high levels of B3GNT8 mRNA in TNBC
have an inverse correlation with RFS and OS. Such poor
prognosis of patients with high B3GNT8 mRNA expression
was confirmed with an additional independent database in the
Kaplan–Meier Plotter (21), which includes gene expression
data and survival information of 3951 breast cancer patients.

B3GNT8 is a glycosyltransferase involved in the extension
of poly-N-acetyllactoseamine-type carbohydrate chains (11),
and has been reported to play a key role in metastasis of
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Figure 3. High B3GNT8 mRNA expression correlates with shorter
recurrence-free survival (RFS) in triple-negative breast cancer (TNBC)
patients. The public database Kaplan–Meier Plotter (25) was used to
search for RFS survival data in relation to B3GNT8 mRNA expression
in the breast cancer data set with the Affymetrix ID 237338_at. TNBC
patients were chosen by applying the following criteria: oestrogen
receptor-negative, progesterone receptor-negative, and human
epidermal growth factor receptor 2-negative. Patients were split at the
median. A total of 161 TNBC patients were included in the analysis.
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Figure 4. B3GNT8 mRNA expression and clinicopathological variables
in 109 triple negative breast cancer (TNBC) patients in a TCGA dataset.
(A) B3GNT8 mRNA expression and patient age. (B) B3GNT8 mRNA
expression and menopausal status. Mann–Whitney U-test. n.s.; not
significant. (C) B3GNT8 mRNA expression and breast cancer
histological diagnosis. One specimen had no information about
histological diagnosis and is not shown. IDC: invasive ductal
carcinoma, ILC: invasive lobular carcinoma, Med: medullary
carcinoma, Met: metaplastic carcinoma. Kruskal–Wallis test. (D)
B3GNT8 mRNA expression and pathological TNM stage. Two patients
had no information on cancer stage and are not shown. Kruskal–Wallis-
test (with Dunn’s test as multiple comparison test). **p<0.01, n.s. not
significant. (E) B3GNT8 mRNA expression and Lehmann’s TNBC-type4.
Patients were classified into Lehmann’s TNBCtype-4 (20). Four patients
were not classifiable and are not shown. BL1; basal-like 1, BL-2; basal-
like 2, LAR; luminal androgen receptor, M; mesenchymal. Kruskal–
Wallis-test (with Dunn’s test as multiple comparison test). *p<0.05. The
median of B3GNT8 expression levels are shown as a horizontal line.
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Figure 5. Correlation of B3GNT8 mRNA expression levels with disease relapse and overall survival in 109 triple negative breast cancer (TNBC)
patients in a TCGA dataset. (A) B3GNT8 mRNA expression levels and disease relapse status in TNBC patients classified according to TMN stage.
(B) B3GNT8 mRNA expression levels and overall survival in TNBC patients classified according to TMN stage. Two patients had no information
on overall survival and are not shown. (C) B3GNT8 mRNA expression levels and disease relapse status in TNBC patients classified according to
Lehmann’s TNBCtype-4. Four patients who could not be classified into TNBC type and 6 patients who had no relapse information are not shown.
(D) B3GNT8 mRNA expression levels and overall survival in TNBC patients classified according to Lehmann’s TNBCtype-4. Four patients could
not be classified into TNBC type and are not shown. BL1; basal-like 1, BL-2; basal-like 2, LAR; luminal androgen receptor, M; mesenchymal.
Mann–Whitney U-test. n.s.; not significant, *p<0.05. The median of B3GNT8 expression is shown as a horizontal line.



colorectal cancer cells by altering poly-N-acetyllactosamine
sugars of CD147 (13). In gastric cancer, B3GNT8 expression
was found to be regulated by c-jun and the levels shown by
immunohistochemistry were high in advanced stages in the
TNM classification (23). However, B3GNT8 involvement in
breast cancer has not been previously reported. 

The current data showed that B3GNT8 mRNA expression
levels are associated with relapse and survival status, and that
they do not correlate with age, menopausal status, histological
subtype, or stage of disease. It has been reported that the
pathological complete response rate after anthracycline
followed by taxane-based chemotherapy regimens is high in
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Figure 6. B3GNT8 mRNA and protein expression in BT20 transfectants. (A) B3GNT8 mRNA expression levels were measured in 13 triple-negative
breast cancer (TNBC) cell lines by quantitative real-time PCR. Basal-like 1-type TNBC cell lines, as identified by (20), namely MDA-MB-468,
HCC1937, and HCC2157, showed relatively high B3GNT8 mRNA levels. (B) B3GNT8 mRNA expression was investigated by quantitative real-time
PCR using cDNA prepared from BT20 parental, BT20 B3GNT8-transfected, and BT20 mock cells. Relative B3GNT8 mRNA expression levels
normalised to beta-actin are shown. Data shown are from a quantitative real-time PCR conducted in triplicate. (C) B3GNT8 protein expression
was investigated by western blotting analysis using a polyclonal anti-B3GNT8 antibody. The arrowhead indicates the expected migration distance
for B3GNT8 protein. Twenty microgram of lysate protein were loaded per lane. GAPDH was used as a loading control.



patients with BL1 subtype of Lehmann’s classification of
TNBC (20, 24). Thus, the relationship between B3GNT8
expression levels and Lehmann’s subtypes were carefully
assessed in the present study. B3GNT8 mRNA levels in the
BL1 subtype were significantly lower than in other subtypes
(Figure 4E). Patients with BL1 subtype respond better to
chemotherapy and have a more favourable prognosis
compared to patients with other Lehmann TNBCtype-4
subtypes (20). Regarding the relationship between B3GNT8
mRNA expression levels and patient outcomes, higher
B3GNT8 mRNA expression was observed in patients who
developed distant metastasis within all subtypes (Figure 5C),
although significant differences were observed only in BL2
subtype. Taken together, these findings suggest that B3GNT8
might be useful as a prognostic factor regardless of
Lehmann’s classification. The mechanism through which
B3GNT8 results in better survival are unknown and might
merit further investigations both in basic and clinical studies.  

To further explore the correlation between Lehmann’s
subtypes and B3GNT8 expression, thirteen patient-derived
TNBC cell lines were examined for their B3GNT8 expression
levels by quantitative real-time PCR. B3GNT8 expression
levels were found to vary among the cell lines (Figure 6A),
and cells derived from the BL1-subtype (MDA-MB-468,
HCC1937, and HCC2157) showed relatively high levels.
Thus, though the number of investigated cell lines is limited,
differential expression levels as seen with TCGA data may not
hold true for cell lines. Among TNBC cell lines, BT-20 cells
were used tο overexpress B3GNT8 by transfection. As shown
in Figure 6B, C and Figure 7A, the protein was synthesized
and apparently localized to the Golgi apparatus. 

When the distribution of B3GNT8 protein in TNBC tissue
was immunohistochemically investigated using an anti-
B3GNT8 antibody, small dots in the cytoplasm of breast
cancer cells were observed as shown in Figure 7I-L. No such
dots were observed in BT-20 cells transfected with B3GNT8
cDNA. The number of anti-B3GNT8 antibody-stained dots
in TNBC cells varied within a tumour. We hypothesised that
the number of dots roughly corresponds to the amount of
B3GNT8 protein, because no other structure was stained by
the antibody. Therefore, we counted the number of dots per
cancer cell in each specimen. The number of dots was
significantly greater in tumour tissue sections from non-
relapsed patients than from relapsed patients, which is
contrary to the differences seen with B3GNT8 mRNA levels
in the TCGA data set. This discrepancy may be because
B3GNT8 mRNA levels do not correspond to the levels of
B3GNT8 protein. This possibility needs to be clarified in
future investigations. A limitation of the present investigation
is that the cohort used in our immunohistochemical studies
may be too small to represent the entire TNBC population.
Further studies, employing a much larger number of patients
across all stages, should clearly be conducted to establish a

conclusive evidence in the future. Nevertheless, the unique
distribution of B3GNT8 protein shown by the binding of
anti-B3GNT8 antibody in TNBC cells deserves further
investigation. Co-localisation with organelle markers will
reveal the subcellular localization of B3GNT8 protein, which
is still to be investigated. 

In conclusion, the present study demonstrated that the
B3GNT8 mRNA expression levels in TNBC tumour tissue are
potentially useful in distinguishing patients with favourable
and poor clinical outcomes. The biological basis for the
prognostic significance of B3GNT8 mRNA expression in
TNBC remains the subject of future investigations. 
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Table II. Clinicopathological characteristics of 23 TNBC patients
investigated by immunohistochemistry with anti-B3GNT8 antibody. The
average observation period was 50.1 months.

                                                                    Number of patients (%)

Age (years)
30-39                                                                      4 (17.4)
40-49                                                                      2 (8.7)
50-59                                                                      5 (21.7)
60-69                                                                      6 (26.1)
70 or greater                                                          6 (26.1)

Menopausal status                                                       
Pre-menopausala                                                    9 (39.1)
Post-menopausalb                                                13 (56.5)
Unknown                                                               1 (4.4)

TNM stage                                                                  
IIA                                                                        14 (60.9)
IIB                                                                          9 (39.1)

aDefined as <12 months since last menstrual period AND no prior
bilateral ovariectomy AND not on oestrogen replacement; bDefined as
prior bilateral ovariectomy OR>12 months since last menstrual period
with no prior hysterectomy.
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Figure 7. B3GNT8 protein expression in BT-20 cells transfected with B3GNT8-encoding plasmid DNA and in surgical specimens from Stage IIA
and IIB TNBC patients. Cells were seeded in chamber slides and paraformaldehyde-fixed before staining. (A) Anti-B3GNT8 polyclonal antibody-
stained BT-20 cells transfected with B3GNT8, (B) B3GNT8 control antibody-stained BT-20 cells transfected with B3GNT8. (C) Anti-FLAG
monoclonal antibody-stained BT-20 cells transfected with B3GNT8. (D) Anti-FLAG isotype control antibody-stained BT-20 cells transfected with
B3GNT8. (E) Anti-B3GNT8 polyclonal antibody-stained BT-20 mock cells, (F) B3GNT8 control antibody-stained BT-20 mock cells. (G) Anti-FLAG
monoclonal antibody-stained BT-20 mock cells. (H) Anti-FLAG isotype control antibody-stained BT-20 mock cells. (I-L) Representative images from
immunohistochemistry staining of 23 surgical specimens with B3GNT8 antibody. Staining of breast cancer tissue was performed on 4-μm sections
of formalin-fixed and paraffin-embedded surgical specimens. B3GNT8 staining is represented by small dots in the cytoplasm of cancer cells. (I)
Anti-B3GNT8 antibody-stained specimen showing many small dots. (K) Anti-B3GNT8 antibody-stained specimen showing few small dots. (J, L)
Control antibody-stained surgical specimens. Scale bar shows 25 μm. Arrowheads indicate the location of dot-like staining.
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Figure 8. Relationship of B3GNT8 protein level with clinicopathological
variables in 23 TNBC tumour specimens as investigated by
immunohistochemistry using a polyclonal anti-B3GNT8 antibody.
B3GNT8 staining was observed as small dot-like structures in the
cytoplasm of TNBC cells. The dot-like structures were assumed to
represent B3GNT8 protein. Three locations in each specimen were
chosen and dots representing B3GNT8 protein were counted versus the
number of cancer cells in a specified counting area (91,000 μm2). Each
dot in the figure represents the dot per cell count for one individual
patient. (A) B3GNT8 staining and recurrence-free survival (RFS) status.
(B) B3GNT8 staining and age. (C) B3GNT8 staining and menopausal
status. One patient’s menopausal status was not classifiable and is not
shown. (D) B3GNT8 staining and nuclear grade (one patient’s nuclear
grade was not available, and this patient is not shown). (E) B3GNT8
staining and histological diagnosis. Mann–Whitney U-test. n.s.: not
significant, *p<0.05. The median is shown as a horizontal line. NG:
Nuclear grade; IDC: invasive ductal carcinoma.
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