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Introduction

Head and neck cancer ranks the sixth among the most 
common malignant tumor around the world (1). It is 
also reported that oral squamous cell carcinoma (OSCC) 
occupies almost 90% of the cancer found in head and neck 
region (2). The prognosis of the cancer is highly associated 
with the stages, differentiation as well as the lymph node 
metastasis of the tumor (3-5). Although the diagnostic 

and therapeutic measures including surgical resection, 
radiotherapy, chemotherapy and comprehensive sequence 
therapy have been proven remarkable measures to achieve 
better life quality recently, the morbidity and mortality 
of OSCC remain high and the overall 5-year survival rate 
for OSCC patients is reported to be relatively low, which 
rendering OSCC still a global concern of cancer-related 
death (3,6).
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(B4GALNT1) is an enzyme encoded by the B4GALNT 
(7,8) in human cells. B4GALNT1 has been found to widely 
express in various organs among which the central nervous 
system contains B4GALNT1 much more than the other parts 
of the body (9). There are researches confirming that normal 
brain tissues and some malignant transformed cells can be 
observed to highly express B4GALNT1, such as malignant 
melanoma, neuroblastoma and the adult T cell leukemia  
(10-12). It is reported that B4GALNT1 takes part in the 
normal function of nervous systems and the development 
of some neurogenic diseases (12). However, the role 
B4GALNT1 plays in the development and progression of 
tumorigenesis in head and neck region has not been reported 
yet. Recently, we have discovered B4GALNT1 was highly 
expressed in OSCC cells and therefore this study aimed to 
investigate whether B4GALNT1 has any relationship with 
the tumorigenesis of OSCC and to try to explore the possible 
regulation mechanism behind it.

Methods

Patients and cell lines

We used Dulbecco’s modified Eagle’s medium (DMEM) 
which contained 10% fetal bovine serum (FBS) to culture 
human OSCC cell line CAL-27. Another OSCC cell line 
SCC-25 was properly cultured in the DMEM and Ham’s 
F12 medium mixed in the ratio of 1:1 with 10% FBS.

We collected 30 oral cancer samples and 10 non-
neoplastic oral mucosa samples from the Fifth Affiliated 
Hospital of Sun Yat-sen University from September 2015 
to September 2018. Quantitative real-time PCR was 
carried out to check the expression of B4GALNT1 in these 
samples and the relationship between its expression and 
clinicopathological data was analyzed. 

All of the analyses were performed in accordance with 
the principle of relevant guidelines and regulations. Besides, 
Informed consent was obtained from the participants 
enrolled.

The Cancer Genome Atlas (TCGA) gene expression data

B4GALNT1 mRNA levels in 15 OSCC specimens and 
paired normal adjacent mucosal tissues were investigated 
and analyzed. The level 3 RNA-Seq and pertinent clinical 
data of HNSCC patients were obtained from TCGA 
database (https://tcga-data.nci.nih.gov/tcga/). 

B4GALNT1 shRNA Design and Lentivirus Construction

Small interfering RNA (shRNA) precisely targeting 
B 4 G A L N T 1  w a s  c r e a t e d  a n d  l e n t i v i r u s  w a s 
constructed to effectively express B4GALNT1 shRNA. 
shRNA targeting B4GALNT1 (target sequence as 
TACTCTGAAAGCAAGCAAGAA) was designed while 
a scramble sequence (TTCTCCGAACGTGTC ACGT) 
was selected and used as a negative control (NC). After that, 
we synthesized, annealed and inserted the stem-loop DNA 
oligonucleotides into the lentiviral vector GV115 which 
carries green fluorescent protein (GFP) gene. We chose 
Lentivector Expression Systems (GeneChem, Shanghai, 
China) to create lentivirus and transfected an oral squamous 
cell line called CAL-27. In the meantime, quantitative 
real-time PCR (qPCR) was performed to examine the 
knockdown efficacy of B4GALNT1.

Cell proliferation was detected by Celigo cell counting and 
MTT assay

Digested with 0.25% Trypsin (Thermo Fisher Scientific), 
cells transfected with shCtrl or shB4GALNT1 were seeded 
in 96-well plates at a density of 2000 cells/well. We did 
cell counts via the Celigo imaging cytometer (Nexcelom 
Bioscience, Lawrence, MA) was used to investigate viable 
cells once a day for consecutive five days and cell growth 
curves were created accordingly. 3-(4,5-dimethylthiazol-2- 
yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma, USA) 
assay was performed to analyze the cell count. Five groups 
of Cal-27 cells were seeded into 96 well plate with the 
density of 2,000 cells per well. On the consecutive 5 days 
afterwards, one plate on each day was removed to be added 
20 μL of MTT (5 mg/mL). Incubating at 37 ℃ for 4 hours, 
absorbance at 490 nm was measured on the microplate 
reader after the removal of MTT.

Flow Cytometry Analysis

CAL-27 cells transfected with either shB4GALNT1 or 
shCtrl were detected by flow cytometry analysis (FCM). 
After achieving 70% confluence, cells were harvested and 
mixed with binding buffer and staining buffer afterward. 
100ul cell suspension was stained with 5ul Annexin V-APC 
(eBioscience, San Diego, US) and finally subjected to flow 
cytometry.

https://tcga-data.nci.nih.gov/tcga/
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RNA Isolation and Quantitative Real-Time PCR

Total RNA extraction from CAL-27 cells by trizol reagent 
(Invitrogen) and Quantitative Real-Time PCR was 
performed as previously described. The housekeeping gene 
GAPDH was used as an internal control. 2−ΔΔ CT method 
was used to quantify the relative gene expression. In term of 
the mRNA expression of B4GALNT1 in OSCC tissue, the 
median levels of B4GALNT1 were used as cutoff values for 
dividing high or low expression.

Western blotting

In the western blotting, RIPA lysis buffer was used to 
extract total proteins from cultured cells. 20 μg of protein 
samples were subjected to 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) before 
transferred to the polyvinylidene difluoride (PVDF) 
membrane. Then we sealed the membrane with 5% 
skimmed milk and incubate it overnight with primary 
antibodies: anti-JNK (CST, 1:500), anti-p-JNK (CST, 
1:500), anti-p38 (CST, 1:1,000), anti-p-p38(CST, 1:1,000) 
and anti-GAPDH(Santa-Cruz, 1:500). Afterwards, the 
peroxidase- labeled secondary antibody (anti-rabbit IgG, 
1:5,000, Cell Signal, USA) was used to incubate the PVDF 
membrane for 2 hours at room temperature. Finally, 
the protein bands were visualized by Pierce™ ECL Plus 
Western Blotting Substrate (Thermo, USA). 

Cell cycle analysis

Cell cycle distribution was detected by flow cytometry 
analysis using staining solution [40×propidium iodide (PI; 
2 mg/mL, Sigma-Aldrich® Co.LLC., St. Louis, US): 
100×RNase A (10 mg/mL, Fermentas®, Vilnius, Lithuania): 
1 × D-Hanks =25:10:1,000]. The fluorescence of DNA-
bound PI in cells was measured with FACS Calibur™ Flow 
Cytometer (BD Biosciences, Franklin Lakes, US), and the 
cell populations in different phases of the cell cycle were 
analyzed with ModFit 3.0 software.

Statistics analysis

All statistical analyses were performed using SPSS 18.0 
statistical software (SPSS Inc., Chicago, IL, USA). 
Statistical differences were determined by the two-tailed 
student’s t-test between two groups for quantitative data, 

and chi-square test for qualitative data; a P value <0.05 was 
considered statistically significant.

Results

Overexpression of B4GALNT1 was found in oral cancer 
tissues as well as OSCC cell lines

Analysis into B4GALNT1 expression of oral cancer tissues 
and normal oral mucosa samples from 15 OSCC patients 
containing RNA sequencing results in TCGA revealed that 
B4GALNT1 was expressed higher in oral cancer tissues 
than in normal oral paratumor mucosa tissues (P<0.01) 
(Figure 1A). Similarly, we found significantly higher 
expression of B4GALNT1 in OSCC samples comparing 
with normal oral mucosa samples. Our data suggested that 
high B4GALNT1 expression was associated with advanced 
T stage (P<0.05) (Table 1). Also, we detected expression of 
B4GALNT1 in two OSCC cell lines: CAL-27 and SCC-25, 
whose quantitative PCR results showed that both OSCC 
cell lines had higher B4GALNT1 expression than the 
internal control (Figure 1B). 

B4GALNT1 shRNA specifically suppressed B4GALNT1 
expression

After shRNA infection to CAL-27 cell lines was completed, 
we performed quantitative real-time PCR (qPCR) to detect 
relative mRNA level and western blotting to examine the 
protein level of expression. The results showed that shRNA 
significantly inhibited mRNA and protein expression of 
B4GALNT1 in CAL-27 three days after shRNA infection 
compared to shCtrl group (P<0.01) (Figure 1C,D). The 
knockdown efficacy was counted to be 77.6%.

B4GALNT1 shRNA inhibited CAL-27 cells proliferation 
and suppressed the growth of tumor cells

We cultured and counted by Celigo the CAL-27 cells every 
day for the 5 consecutive days after the shB4GALNT1 and 
shCtrl transfection were completed. According to the results, 
a growth curve was generated, which showed the growth 
of cells in shB4GALNT1 group was significantly inhibited 
compared to the shCtrl group (Figure 2A). Also, MTT assay 
was performed and the results revealed the similar difference 
in cell growth between two groups. (Figure 2B). Therefore, 
from the similar results of Celigo test and MTT assay, 
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proliferation was significantly inhibited in cells transfected 
with shB4GALNT1 compared to that in shCtrl group. 

G1-phase cell cycle arrest was induced by B4GALNT1 
knockdown

We performed flow cytometry analysis (FCM) to examine 
whether B4GALNT1 knockdown would have any 
influence in CAL-27 cell cycle and the results showed cell 
cycle percentage in G1 phase was significantly climbed 
to 62.4%±0.77% in B4GALNT1 knockdown group 
from 57.11%±0.79% in control group (P<0.01) while 
cell percentage in S phase presented a significant drop to 
17.19%±0.23% in B4GALNT1-shRNA-treated group 
from 22.98%±0.41% in control group (P<0.01). There was 
no notable change in cell cycle percentage in G2/M phase 

(20.41%±0.69% in knockdown group vs. 19.91%±0.83% in 
control group, P>0.05) (Figure 2C). 

B4GALNT1 shRNA induced cell apoptosis in CAL-27 cell 
lines compared to the control group

Flow cytometry analysis showed that a notable increase 
in  proport ion of  apoptot ic  cel l s  was  detected in 
shB4GALNT1 (4.42%±0.09%) compared to the shCtrl 
group (18.16%±0.46%) (P<0.01) (Figure 2D). This result 
suggested that B4GALNT1 knockdown may participate in 
the progress of cell apoptosis in CAL-27 cells.

Western blotting of protein expression

The results of western blotting revealed the expression of 

Figure 1 B4GALNT1 expression was found much higher in both oral cancer samples and cell lines compared to normal tissues. And 
transfection of shB4GALNT1 come out to be successful from the results of the qPCR and western blotting. (A) Higher B4GALNT1 
expression was observed in cancer tissues than the paired normal paratumor tissues in the TCGA database; (B) B4GALNT1 expression was 
detected in both OSCC cell lines CAL-27 and SCC-25 after qPCR; (C,D) mRNA and protein level of B4GALNT1 were found significantly 
lower in CAL-27 cell lines after shRNA lentivirus infection compared to the shCtrl group. GAPDH was used as an internal control. 
Knockdown efficacy was calculated to reach 77.6%. **, P<0.01. B4GALNT1, Beta-1,4-N-Acetyl-Galactosaminyltransferase 1.
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JNK, p-JNK, p38 and p-p38 in CAL-27 cell lines was all 
significantly inhibited in B4GALNT1 knockdown group 
compared to the negative control group after silencing 
B4GALNT1 expression. GAPDH was chosen as internal 
control (Figure 3).

Discussion

B4GALNT1 is an enzyme encoded by B4GALNT1 (8). In 
recent years, a mounting number of researches have shown 
that B4GALNT1 plays an essential role in the development 
and normal function of the central nervous system. There 
are studies associating the mutation of B4GALNT1 with 
some biochemical reactions like loss of enzyme activity 
and ganglioside biosynthesis (12,13), and with some 

systemic diseases such as hereditary spastic paraplegias, 
neuroblastoma and type 1 diabetes mellitus (14-18). Yang 
et al. (19) reported that B4GALNT1 was highly expressed 
in clear cell renal cell carcinoma (ccRCC) and found that 
spread of ccRCC may associated with the complement 
system, cholesterol metabolism and the calcium pathways. 
However, there are limited researches investigating the 
relationship between the expression of B4GALNT1 and the 
development of tumor in head and neck region. Pondering 
this question, here our group compared and discovered that 
15 OSCC tissues extracted from TCGA database presented 
significantly higher expression of B4GALNT1 compared 
with the paired normal tissue from para-cancerous 
area. Further investigation on the cell lines experiment 
confirmed a much higher expression of B4GALNT1in 
CAL-27 and SCC-25 than that of the internal control. All 
of these discoveries indicated that a higher expression of 
B4GALNT1 may act a potential role in the development of 
OSCC. And to date, specific regulation mechanism has not 
been reported yet. 

To our knowledge, the result of present cell function 
experiments revealed that cell count presented a remarkable 
decrease in B4GALNT1 shRNA group compared with the 
control group, which suggested that proliferation of tumor 
cell was greatly inhibited after knockdown of B4GALNT1. 
It was indicated, in other words, that B4GALNT1 was 
highly associated with the ability of cell proliferation in 
CAL-27 cell lines. Moreover, the increased proportion 
of apoptotic cells in flow cytometry analysis suggested 
that cell apoptosis in OSCC cell lines can be triggered by 
knockdown of B4GALNT1 via lentivirus-mediated shRNA 
system. In addition, there is so far few studies investigating 
whether silencing B4GALNT1 can impact cell cycle. Our 
results revealed the knockdown of B4GALNT1 resulted 
in cell cycle arrest at G1 phase when synthesis of RNA and 
ribosome necessary for next phase is the most biochemical 
reaction in the cells. However, decreasing proportion of 
S phase in CAL-27 cell lines when synthesis of DNA and 
essential enzymes for DNA duplication is completed in cells 
suggests that the proliferation and development of OSCC 
may be impacted after the knockdown of B4GALNT1, 
which from another aspect supports the positive relationship 
between B4GALNT1 and tumorigenesis of OSCC. 

The Mitogen Activated Protein Kinase (MAPK) pathway 
has been proven to actively participate in the development 
and progression of various cancers (20). MAPK family 
includes proteins such as ERK, JNK and p38, which have 

Table 1 Patient characteristics according to B4GALNT1 expression 
in OSCC samples 

Characteristics
B4GALNT1

n High Low P value

Age, years 0.282

<50 14 6 8

≥50 16 10 6

Sex 0.510

Male 19 11 8

Female 11 5 6

Clinical stage 0.961

Low (I–II) 13 7 6

High (III–IV) 17 9 8

T stage 0.028

T1–T2 15 5 10

T3–T4 15 11 4

Cervical lymph node metastasis 0.811

Yes 9 4 5

No 21 12 9

Pathological typing 0.431

Highly differentiated 17 8 9

Moderate-low 
differentiation

13 8 5

P-values were calculated by the chi-squared test. B4GALNT1, 
Beta-1,4-N-Acetyl-Galactosaminyltransferase 1.
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Figure 2 B4GALNT1 regulates cell proliferation, cell apoptosis and cell cycle from the  results of in vitro experiments. (A,B) Celigo test and MTT 
assay showed that cell proliferation of CAL-27 cell lines was significantly suppressed after downregulating B4GALNT1 expression compared to 
the shCtrl group; (C) flow cytometry analysis of cell cycle showed that after the knockdown of B4GALNT1, compared to the control group, the 
proportion of cells in G1 phase increased greatly while proportion of cells in S phase decreased significantly. The percentage of cells in G2/M phase did 
not present obvious change compared to the control group; (D) flow cytometry analysis of cell apoptosis revealed that the proportion of cell apoptosis 
in knockdown group increased significantly, compared to the control group. **, P<0.01. B4GALNT1, Beta-1,4-N-Acetyl-Galactosaminyltransferase 1.
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been discovered to play essential roles in the migration 
of different cell types (21,22). In previous studies, there 
exists researches showing p38 signaling pathway in breast 
cancer cells is a key regulation pathway in the suppression 
of tumor metastasis (23,24). Zheng et al. has demonstrated 
that inhibiting the phosphorylation of p-JNK and p-p38 
can repress the migration of cervical cancer cells (25). 
In present study, we discovered that the expression of 
JNK and p38 after the knockdown of B4GALNT1, 
no matter phosphorylated or dephosphorylated, were 
both significantly decreased compared to the negative 
control, which we consider MAPK a potential regulation 
mechanism of signaling pathway between B4GALNT1 and 
the tumorigenesis of OSCC. B4GALNT1 may regulate 
the cell proliferation, apoptosis and cell cycle to affect the 
development and progression of OSCC by regulating the 

expression of downstream genes and activating JNK and 
p38 MAPK signaling pathway. However, detailed molecular 
mechanism by which B4GALNT1 regulates JNK and p38 
signaling pathway has not been reported yet. Thus, our 
study has provided a new prospective of treatment strategy 
for OSCC patients and deeper research on the specific 
molecular mechanism remains to be carried out in future 
experiments. 

In conclusion, within the limitation of the study, the 
present research confirmed B4GALNT1 was found to 
overexpress in OSCC and further cell function experiments 
proved that B4GALNT1 enhanced the proliferation and 
suppressed the apoptosis of oral cancer cells. All of these 
phenotypes of cancer cells might be mediated through 
JNK, p38 MAPK pathway. However, detailed regulation 
mechanism on molecular aspect remained unknown, which 
provided a new possibility to perform deeper researches in 
our future experiments.
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