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Abstract

Aim: The aim of this study was to overcome the shortage of galectin‑1 (Gal‑1) protein and to determine cell proliferation by adding 
recombinant protein that has a high protein content of the squamous cell OM‑1. Materials and Methods: A presented study was 
Experimental laboratory study. The role of recombinant protein galectin‑1 (r‑Gal‑1) in combating squamous cell carcinoma of the 
OM‑1, as compared to HOC313 squamous cell carcinoma without exposure to r‑Gal‑1, through the promotion of cell proliferation. 
An in vitro experiment was conducted on the following three groups: a negative control group using OM‑1 cells, an intervention group 
comprising OM‑1 cells to which 8 µg/mL r‑Gal‑1 was added, and a positive control incorporating HOC313 cells that were highly 
invasive. The proliferation level of the cells was measured by means of the optical density on a microplate reader on days 0, 1, 2, 3, 
and 4. In the three test groups, an increased proliferation rate was obtained on days 1, 2, 3, and 4 on OM‑1, OM‑1 + r‑Gal‑1, and 
HOC313. The statistical analysis was carried out using analysis of variance test, Kruskal–Wallis test, least significant difference test, 
and Mann–Whitney test. Results: The proliferation rate increased significantly (P < 0.05) in the treatment group (OM‑1 + r‑Gal‑1) as 
compared to the negative control group (OM‑1). The positive control group (HOC313) experienced the highest degree of proliferation 
among the three groups. Conclusion: Gal‑1 is a protein that plays a key role in the processes of cancer metastasis and invasion.
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IntroductIon
Cancer, whose global incidence is increasing due to lifestyle 
changes, ranks the second most common cause of death 
following cardiovascular diseases and affects all levels of 
society. Oral cancer ranks as the sixth leading type cancer 
globally and accounts for more than 90% of squamous 
cell carcinoma.[1] The factors responsible for this type of 
oral cancer can be either intrinsic or extrinsic. The intrinsic 
factors comprise general malnutrition or anemia due to iron 
deficiency, whereas the extrinsic factors comprise smoking, 
alcohol, chewing betel nut, and genotype infection by the 
human papillomavirus (HPV). Diets low in fresh fruit and 
vegetables have recently been found as risk factors for an 
individual developing squamous cell carcinoma.[2]

Cancers originating in the epithelial tissue are referred to as 
carcinomas. Squamous cell carcinoma, a malignant tumor 
derived from epithelium tissue with cell structure group, is 

able to spread throughout the body via the bloodstream 
and lymphatic system. Squamous cell carcinoma is the most 
common form of malignancy affecting the oral cavity at 
approximately 90%–95% of malignant neoplasms of the oral 
cavity. It is usually located on the tongue ventral and lateral, 
lips, mouth floor, buccal mucosa, and retromolar regions.[3] 
Squamous cell carcinoma of the oral cavity remains a 
significant cause of death worldwide with approximately 
500,000 new cases being diagnosed annually.[4]

In 2011, it was estimated that more than 11,460 deaths 
resulted from head and neck squamous cell carcinoma in 
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the United States and over 300,000 deaths globally. The 
majority of the patients presented stage III/IV head and 
neck squamous cell carcinoma and only approximately 
40% of the patients received a prognosis of survival 
beyond 5 years. Individuals afflicted with squamous cell 
carcinoma metastases of the head and neck generally had 
a survival rate of less than 10%.[5]

Epithelial mesenchymal transition (EMT) is a biological 
process characterized by a reversible increase in cell 
migration and invasion, changes in the cytoskeleton, 
and resistance to apoptosis. Kalluri and Weinberg[6] state 
that the classification of EMT occurring in cancer cases 
to be one of Type 3. Type‑2 EMT is associated with the 
regeneration of tissue and organ fibrosis, and Type‑1 EMT 
is associated with embryogenesis and organ development. 
A  recent study reported that in a primary tumor such 
as squamous cell carcinoma of the head and neck the 
symptoms include low E‑cadherin EMT, high vimentin, 
and morphological changes.[7]

In a microarray‑based analysis, by comparing a cell 
with the type of EMT and  squamous cell carcinoma 
with epithelial type as many as 63 genes playing a role in 
rendering cancer cells more malignant were identified.[8,9] 
One of the 63 genes is galectin‑1 (Gal‑1). Kim et  al.[10] 
found in their research that Gal‑1 can be used as a 
symptom of squamous cell carcinoma of the oral cavity. 
They further said that the higher the expression of Gal‑
1, the more serious will be the prognosis for the cancer. 
Strik et al.[11] argued that Gal‑1 can increase the rate of 
proliferation in human glioma cells.

The galectin family of lectins is involved in the 
β‑galactoside‑binding protein comprising approximately 
130 amino acids found in the carbohydrate recognition 
domain (CRD). Galectin is found in the cell nucleus, 
cytoplasm, and extracellular material of all cell types. 
The physiology and pathology of the role of galectin 
in cell growth involves embryogenesis, inflammation, 
migration, deployment processes, and apoptosis.[12] To 
date, galectin has been identified in as many as 15 species 
of mammal. Gal‑1 is expressed in a variety of both 
normal and pathological tissues with various functions[13] 
and, together with its ligand, represents an important 
regulator of the immune response as it is able to modulate 
the process of homeostasis, immune abnormalities of T 
cells, inflammation, and allergies.

Preliminary in vitro studies conducted by researchers to 
establish the level of Gal‑1 expression in the two cell types 
are squamous cell carcinoma of the OM‑1 and HOC313, 
the result ingredient protein expression of Gal‑1 levels were 
lower in the OM‑1 cells compared to expression protein 
Gal‑1 on cells HOC313 so it cannot as a guide to the level 
of invasion and cell proliferation ability.[14] To overcome 
these difficulties, recombinant proteins that have a high‑
protein content of the squamous cell carcinoma OM‑1 

were added to prove that the protein appears to trigger the 
level of invasion and cell proliferation.

In the results of previous studies on squamous cell 
carcinoma exposed OM‑1 recombinant  protein  
galectin‑1 (r‑Gal‑1) with a concentration 8 μg mL with 
a 24‑h observation time increased cell migration, but the 
observation the rate of cell proliferation has not been 
proven. Therefore, it should be investigated whether the 
concentration with long observations over 0, 1, 2, 3, and 
4  days can increase the proliferation of squamous cell 
carcinoma of the OM‑1.[5,14]

Based on the foregoing background, need to be analyzed 
with in vitro studies to prove the role of r‑Gal‑1 with a 
concentration 8 μg/mL against squamous cell carcinoma 
of the OM‑1 compared to squamous cell carcinoma 
HOC313 without being exposed to r‑Gal‑1 in enhancing 
cell proliferation.

MaterIals and Methods

Study design
This study used a Experimental Laboratory study 
conducted between June and July 2013 at the laboratory 
of the Department of Oral and Maxillofacial Surgery, 
Graduate School and Institute of Biomedical and Health 
Sciences, Hiroshima University, Japan.

Sampling criteria
This study used a 450‑nm absorbance BioRad machine 
(Biorad, California, USA). The inclusion criteria of the 
study were HOC313 and OM‑1 cells that were passaged 
three times, r‑Gal‑1, and MTT assay. The exclusion criteria 
of the study wereHOC313 and OM‑1 cells that were 
passaged more than three times. HOC313 and OM‑1 cells 
were stabilized and characterized according to previous 
studies. The MTT assay method was in accordance 
with the data sheet of the Cell Counting Kit‑8 (CCK‑8; 
Dojindo Molecular Technologies, Rockville, USA.). In 
this study, there was no bias.

Experimental analysis
Human oral OM‑1 and HOC313 cells were obtained 
from the laboratory of the Department of Oral and 
Maxillofacial Surgery, Faculty of Dentistry, Hiroshima 
University, Japan. These cells were maintained in 
Dulbecco’s Modified Eagle Medium (DMEM; Sigma, 
St. Louis, Missouri) supplemented with 10% fetal 
bovine serum (Biowest, Nuaillé, France), 100  µg/mL 
streptomycin, and 100 units/mL penicillin (Invitrogen 
Corporation, Carlsbad, California).

OM‑1 and HOC313 cells were taken 1 mL of the stock, 
then do thawing process and in the culture medium in   
10 mL of DMEM + 10% fetal bovine + 1% penicillin‑ 
streptomycin. The medium was placed on a 10‑cm Petri 
plate and incubated at a temperature of 37ºC in 5% CO

2 

[Downloaded free from http://www.jioh.org on Monday, November 30, 2020, IP: 210.57.214.123]



Rizqiawan, et al.: Recombinant galectin-1 to cell proliferation

      272 272  Journal of International Oral Health ¦ Volume 12 ¦ Issue 3 ¦ May‑June 2020

for 24 h. The cells were cultured until an 80% confluent 
monolayer was formed. OM‑1 and HOC313 cells were 
resuspended in phosphate buffer saline (PBS) and 0.25% 
trypsin and inserted into 96‑well microplate of 5000 cells 
per well with DMEM medium + 10% fetal bovine serum 
+ 1% penicillin–streptomycin.

Cell proliferation was measured using a commercial 
CCK‑8 according to manufacturer’s instructions. The 
samples were divided into the following three groups:

• Group 1: OM‑1 cells.
• Group 2: OM‑1 + r‑Gal‑1 cells (8 µg/mL).
• Group 3: HOC313 cells.

Each well comprised 5000 cells and 100‑mL DMEM + 
10% FBS + 1% penicillin–streptomycin and incubated 
at a temperature of 37ºC for 0, 1, 2, 3, and 4  days. 
Cells were counted using the Invitrogen Countess 
Automated Cell Counter (Invitrogen, California, USA). 
After incubation, 10 mL of CCK‑8 solution (Dojindo 
Molecular Technologies) was added to each well and cells 
were further incubated for 2 h. Absorbance at 450 nm was 
measured using a microplate reader and the relative cell 
viability was calculated.

Statistical analysis
Statistical analysis was performed using Statistical 
Package for the Social Sciences software, version 16.0 
(IBM, NewYork, USA). The comparative analysis of 
biomaterials was conducted using a two‑way analysis of 
variance (ANOVA) followed by a Kolmogorov–Smirnov 
normality test and an equality of variances test. Specific 
analysis was performed using an ANOVA test followed by 
a Kolmogorov–Smirnov normality test and an equality of 
variances test. A time period analysis was performed using 
a Kruskal–Wallis test, whereas an intergroup analysis was 
performed using the least significant difference (LSD) and 
Mann–Whitney tests. A value P  <  0.05 was considered 
statistically significant [Table 1].

results
Cell viability was measured by using CCK‑8 and a 
microplate reader at a wavelength of 50 nm. The optical 
density (OD) measurements obtained are shown in Table 
1. Table 1 shows the results of OD on days 0, 1, 2, 3, and 
4. An increase in the level of OD was interpreted by an 
increase in cell proliferation. The mean OD count of OM‑1 
cell proliferation increased from days 1 to 4. In OM‑1 + 

r‑Gal‑1 cells, an increase in proliferation that began on 
days 1–4, the OD value higher than the OM‑1. At 313 
HOC, cell proliferation increased from days 1 to 4.  At 
313 HOC, cell proliferation achieved the highest degree of 
proliferation as compared to OM‑1 and OM‑1 + r‑Gal‑1 
cells from days 1 to 4.

Based on the images above [Figure 1], it can be explained 
that the OD measurements using a microplate reader an 
increase in cell proliferation OM‑1 after the administration 
r‑Gal‑1 on days 0, 1, 2, 3, and 4. Cell proliferation achieved 
the highest degree of proliferation on day 4 as compared 
to days 1, 2, and 3.

According to the one‑way ANOVA result [Table 2], the 
treatment between groups had a significant difference on 
days 2 and 3 (P  <  0.05). On the basis of the results of 
the Kruskal–Wallis test, there was a significant difference 
on days 0, 1, and 4 (P < 0.05). Furthermore, in order to 
identify a group with a significant difference, both LSD 
and Mann–Whitney tests were administered. These 
showed no significant difference on day 0.  However, 
on days 1, 2, 3, and 4 a significant difference was noted 
between the groups.

dIscussIon
Cancer is a disease characterized by the disruption of, or 
failure of, the multiplication regulatory mechanisms in a 
multicellular organism resulting in uncontrolled changes 
in cell behavior. Such changes are caused by genetic 
transformations, particularly in growth‑regulating genes, 
namely, proto‑oncogene and tumor suppressor genes. 
Cells undergoing continuous transformation proliferate 
but do not differentiate a fact that suppresses the growth 
of normal cells. High cell proliferation and uncontrolled 
nature due to the interruption of balance factors, 
proto‑oncogenes and tumor suppressor genes, result in 

Table 1: Average and standard deviation of cell viability OM-1, OM-1 + r-Gal-1, and HOC313 (OD)
Day sample Day 0 Day 1 Day 2 Day 3 Day 4
 x ± SB x ± SB x ± SB x ± SB x ± SB

OM‑1 0.18 ± 0.0064 0.20 ± 0.0027 0.26 ± 0.0131 0.33 ± 0.029 0.64 ± 0.0133

OM‑1 + r Gal‑1 0.19 ± 0.01 0.33 ± 0,0065 0.63 ± 0.016 1.29 ± 0.031 1.49 ± 0.090

HOC313 0.20 ± 0.014 0.75 ± 0.033 1.54 ± 0.086 1.94 ± 0.212 2.53 ± 0.225

Figure 1: The optical density measurements
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increased production of growth factors and the number 
of cell surface receptors that can trigger intracellular 
signal transduction of transcription factors to increase 
production.[2,4]

In the cell cycle, lasting an orderly process of cell growth 
and decrease to duplicated genetic information from one 
cell generation to the next generation of cells. During the 
process of running, the DNA must be properly duplicated 
and the copy of the chromosome must be precise. DNA 
damage causes cessation of the cell cycle at the G1 phase and 
the subsequent occurrence of a repair process. If  damage 
to the DNA cannot be repaired, these cells will undergo 
apoptosis. Cell proliferation is an increase in the number 
of cells whose processes involve the cell cycle.[15] Galectin 
is a carbohydrate‑binding protein belonging to a group of 
proteins that contribute to various activities related to the 
biology of cancer, including tumor transformation, cell 
xcaks regulation, apoptosis, cell adhesion, proliferation, 
migration, and inflammation. Numerous studies contend 
that Gal‑1 is involved in the biological activity in the head 
and neck squamous cell carcinoma.[16]

Tumor biology and clinical oncology experts say that 
Gal‑1 is a potential therapeutic target against cancer.[7] 
Gal‑1 expression has been reported in different types of 
tumors, including astrocytoma, melanoma and prostrate, 
thyroid, colon, bladder, and ovarian carcinoma.[5] 
Gal‑1 is not differentially expressed in oral squamous 
papilloma and oral squamous cell carcinoma.[17] From 
immunocytochemical and immunohistochemical Gal‑1  
in OSCC show high correlation whether morphological 
changes, in reactive or neoplastic cells.[18] In gingival 
squamous cell carcinoma, Gal‑1 plays an important role in 
immune escape and useful clinicopathological prognostic 
marker.[19] Intracellular Gal‑1 can enhance tumor cell 
proliferation and transformation by means of protein–
protein interactions with oncogenic RAS or with nuclear 
protein, GEMIN4, which is induced into RNA splicing. 
The role of Gal‑1 in cell signaling involves activation of 
mitogen that enables the proliferation of active kinase 
(MAPK). Extracellular Gal‑1 forms a multivalent bond 
with a variety of glycoproteins and glycolipids on the cell 
surface, as well as the extracellular matrix components 
such as fibronectin and laminin, activate intracellular 
signaling pathways that modulate cell proliferation and 
promote EMT.[20]

This study used OM‑1 cells that are epithelial, low invasive, 
and express E‑cadherin as a sign of adhesion between 

cells. HOC313 cells are mesenchymal shaped, high‑
invasive, and do not express E‑cadherin so that there will 
be no adhesion between cells but express vimentin as one 
sign of an EMT.[9] According to Rizqiawan et al.,[14] the 
expression of Gal‑1 protein levels in OM‑1 cells is lower 
than that in HOC313 cells. This can be explained that the 
OM‑1 is a cancer cell that has low capacity than HOC313 
cell invasion.[14] The  study  used  the  addition of Gal‑1 
protein using r‑Gal‑1 production Peprotech as much as 8 
μg/mL on OM‑1 and cell proliferation rate measured from 
day 0, 1, 2, 3 and 4. Cell HOC313 is as a positive control.

Research has confirmed an increase in the proliferation 
rate after administration of r‑Gal‑1 on OM‑1 cells at a 
concentration of 8 μg/mL on days 1, 2, 3, and 4. Water‑
soluable tetrazolium results by using CCK‑8. Figure 1 
shows the OD measurements. Gal‑1 can interact with 
HRas membrane, and intracellular Gal‑1 can stabilize 
the interaction of HRas‑GTP with the cell membrane, 
which then triggers a cascade comprising Raf kinase and 
extracellular‑signal‑regulated kinase (ERK). Another 
study also mentioned that there is a direct interaction 
between Gal‑1 and HRas cells and SKOV3ip1 Hey 
(ovarian cancer) cell.[14] c‑Jun, a transcription factor, has 
been associated with the process of cell proliferation, 
tumor cell survival, and apoptosis. Many human tumors 
show elevated expression levels of c‑Jun, and c‑Jun 
activation could be an important factor for transformation 
and tumorigenesis. c‑Jun protein is activated by 
phosphorylation cascade that requires activation of 
MEK‑ERK and c‑Jun N‑terminal kinase (JNK). This 
study proves that, with the addition of recombinant 
protein, Gal‑1can increase cell proliferation in the OM‑1. 
Increased proliferation is caused by the activation of 
HRas, which is then followed by phosphorylation of c‑Jun 
and JNK.[14]

Fischer et al.[16] showed that the antiproliferative potency of 
Gal‑1 in a number of carcinoma cells requires a functional 
interaction with integrin α5β1. The antiproliferative effect 
is the result of inhibition of the Ras pathway‑MEK‑ERK, 
which, in turn, induces the transcription of p27 whose 
promoter contains two sites of Sp‑1, which can bind 
to Gal‑1. Because of cascade inhibition of Ras‑MEK‑
ERK by Gal‑1, it increases Sp‑1 transactivation and 
DNA binding due to reduced threonine phosphorylation 
of Sp‑1. In addition, Gal‑1 induces the transcription 
of p21 and p27 proteins selectively increases stability, 
whereas Gal‑1 mediates the accumulation of p27 and 

Table 2: One-way ANOVA result of the treatment groups OM-1, OM-1 + r-Gal-1, and HOC313
Day sample Day 0 Day 1 Day 2 Day 3 Day 4
OM‑1      

OM‑1 + r‑Gal‑1      

HOC313 – – 0.000* 0.000* –
*Significant
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p21 to inhibit the activity of cyclin‑dependent kinase 2, 
which ultimately results in the dismissal of G1 cell cycle 
and growth inhibition.[15] The administration of r‑Gal‑1 
can enhance the collective cell invasion and migration by 
increasing the expression of integrin α2.[14] Transfected 
Gal‑1 in squamous cell carcinoma can increase the 
expressions of MMP‑9 and MMP‑2, and increase the 
number of filopodia in cells.[16]

On termination of the study, the authors  concluded 
that the addition of recombinant protein gal‑1 OM‑1 
cell proliferation can improve between days 1 and 4 as 
compared to the control group. It can also be concluded 
that Gal‑1 is one of the proteins that plays a role in the 
process of cancer metastasis and invasion. The study 
recommends further research to find out more about 
the role of Gal‑1 in invasion process oral squamous cell 
carcinoma related with EMT.
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