
Abstract. Galectin-1 (Gal-1) is a newly found immuno-
regulatory carbohydrate-binding protein in cancer biology. The
purpose of this study was to evaluate the effects of Gal-1
on oral squamous cell carcinoma (OSCC) development.
Immuno-histochemistry, Western blotting and RT-PCR were
carried out in 62 primary OSCC, 38 oral leukoplakia (OPL)
tissues to detect the Gal-1 expression in both protein and
mRNA levels. Ten normal oral mucosa (NOM) tissues were
used as control. Gal-1 protein was significantly overexpressed
in OSCC cancer cells and OPL prickle cells compared to
NOM (P<0.05). In accordance with Gal-1 protein, Gal-1
mRNA was also up-regulated in OSCC tissues and OPL
tissues. Furthermore, both the Gal-1 protein and mRNA in
OSCC tissues were higher than in OPL tissues (P<0.05). Our
data supports the important roles of Gal-1 in OSCC
development and suggests that Gal-1 upregulation in the
OSCC and OPL tissues might be a predictor of early oral
carcinogenesis.

Introduction

OSCC is one of the most common head and neck cancers,
its development is a multistep process characterized by
accumulation of genetic, epigenetic, and metabolic changes
due to exposure to carcinogens (1,2). Many of these changes
have been identified in the last decade, and led to great
improvement in the understanding of the potential biology
of this disease. But compared with other cancers, OSCC
still has one of the poorest 5-year survival rates: only 52%
of people diagnosed with OSCC survive 5 years (3). The
poor prognosis of OSCC is usually due to its late detection
and diagnosis, the 5-year survival rate is 81% for persons
diagnosed with early-stage OSCC but only 22% for those

diagnosed with advanced stage cancer (3). However, little
improvement has been made during the past two decades in
improving early detection of OSCC, only 35% of OSCC is
detected at the earliest stage (4). So, there is a strong need
to evaluate OSCC development and determine early carcino-
genesis biomarkers that can help clinicians formulate proper
treatment plans.

OPL is the most common oral premalignancy in human.
It was reported that the malignant transformation rates of
OPL range from 17% to 24% of the patients with median
follow-up more than 7 years (5). So far there are no clinical
parameters that can predict the potential of malignant trans-
formation in patients with OPL. One purpose of this study
was to determine a role of Gal-1 in predicting OSCC
development in patients with OPL.

Galectins are a family of carbohydrate-binding proteins
with an affinity for ß-galactoside. Gal-1, a prototype member
of this family, exists as a homodimer composed of one
carbohydrate-recognition domain of approximately 130
amino acids. Gal-1 is widely distributed in many normal and
pathological tissues and appears to be functionally polyvalent,
such as regulating cell proliferation, differentiation and apop-
tosis, mediating tumor transformation, growth and so on.
There are several Gal-1 ligands, including laminin, lysosome-
associated membrane proteins, and fibronectin, the specific
functions of Gal-1 depend on what ligands it binds to (6).

It is widely reported that Gal-1 is overexpressed in many
different types of tumors, including melanoma, astrocytoma,
prostate cancer, ovarian cancer, hypopharyngeal and laryngeal
squamous cell carcinomas and so on (7-9). However, there
are relatively few reports associated with this theme in OSCC,
especially with oral carcinogenesis. The aim of this study was
to detect the Gal-1 mRNA and protein expression in OSCC
and OPL tissues, and then deducing the underlying mechanism
of OSCC development. As a result, we provide evidence that
Gal-1 is significantly upregulated in OSCC and OPL tissues
compared to NOM. Gal-1 mRNA and protein level becomes
higher gradually from NOM, OPL to OSCC tissues, cancer-
associated stroma cells also had positive staining. We suggest
that Gal-1 may serve as a marker for OSCC development.

Materials and methods

Sixty-two primary OSCC, 38 OPL and 10 NOM tissues were
included in this study. Immediately after specimens were
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taken from the operation rooms, three sets of corresponding
tissues (weight, 100 mg) were stored using the following
methods: i) two pairs of samples were frozen in liquid nitrogen
for RNA and protein extraction; ii) the third pair was fixed
in 10% buffered formaldehyde solution for 12-24 h and
embedded in paraffin wax until the immunohistochemical
(IHC) study. A total of 110 patients seen in the year 2007 at
the Department of Stomatology, Union hospital and Tongji
Hospital, Tongji Medical College, Huazhong University of
Science and Technology were enrolled. Written informed
consent was obtained from all participating patients. No
patients had received chemotherapy or radiotherapy before
operations. All cancers were histologically graded as well-
differentiated, moderately-differentiated or poorly-differen-
tiated, according to the World Health Organization (WHO)
classification. Tumor pathological stage was classified
according to the AJCC system.

Immunohistochemistry. Tissues samples were fixed in formal-
dehyde solution and embedded in paraffin. The sections
were dewaxed twice in xylene for a total of 10 min, and
rinsed in alcohol and gradient alcohol/water mixtures for
5 min in each solution. After rinsing in distilled water, anti-
gen retrieval was done by boiling in 10 mM citrate buffer
(pH 6.0) twice for 3 min in a microwave oven at high
power. Endogenous peroxidase was blocked in hydrogen
peroxide for 5 min and washed with PBS twice for 5 min.
Immunohistochemistry (IHC) analysis was performed using
a streptavidin-biotin complex system (Dako Corporation,
Carpinteria, CA). Slides were then incubated with anti
Gal-1 monoclonal antibody (Novocastra laboratories Ltd.,
CL-GAL1) with 1:80 to 1:200 dilution overnight at 4˚C.
Sections were washed and incubated with biotinylated
secondary antibody for 1 h at room temperature and the color
was developed with AEC substrate chromogen for 10 min
at room temperature. Negative control slides were performed
for each separate specimen group using normal goat IgG,
or second antibody alone. The staining reactions were deter-
mined by microscopic examination.

Statistical analysis. The results of immunohistochemical
staining were interpreted by two experienced pathologists
and categorized with a semi-quantitative scale as 0 (negative
staining); 1+, (0~30% positive); 2+, (30~60% positive); or 3+
(>60% positive). The staining results were further categorized
into ‘weak’ and ‘strong’ groups, which represents the group of
0 and 1+, and the group of 2+ and 3+, respectively. One way
ANOVA and t test were used to look for differences in protein
expression between different groups. All P-values were
2-sided; P≤0.05 was considered statistically significant.

mRNA extraction and RT-PCR. Briefly, RNA was isolated
from each sample using the ‘RNeasy Protect Mini Kit’
(Qiagen, Cat.No.74124). First-strand cDNA synthesis was
performed using ‘SuperScript® First-Strand Synthesis System’
with oligo (dT)-primers (Invitrogen, Cat.No.11904-018)
according to the manufacturer's protocols. The following
PCR amplifications were done in a 20 μl reaction mix
containing 1 μl 10 pmol of sense and antisense primers
respectively, 1 μl 0.6 μg/μl template DNA and 17 μl PCR

supermix (Invitrogen Cat.No.10572-014). The antisense
sequence primer is 5'-CAGGCTGGAAGGGAAAGA-3', the
sense sequence is 5'-GGTGGCTCCTGACGCTAA-3', the
size of PCR product is 179 bp. The PCR conditions included
initial denaturation at 94˚C for 5 min, and 35 cycles of
denaturation for 30 sec and annealing at 55˚C for 30 sec,
followed by extension at 72˚C for 30 sec. Final extension of
PCR products was carried out at 72˚C for 7 min. The products
were resolved by electrophoresis using a 2.0% agarose gel
buffered with 1X TAE. Bands were visualized by ethidium
bromide (0.5 mg/ml) and products of expected size were
confirmed with a 100 bp ladder (Sigma).

Protein extraction and Western blot analysis. Tissue samples
(100 mg) were homogenized in 500 μl of a lysis buffer
(10 mM Tris-HCl (pH 7.5), 1 mM MgCl2, 1 mM EGTA,
0.5% CHAPS, 10% glycerol, 5 mM mercaptoethanol and
0.1 mM phenylmethylsulfonyl fluoride). After 30 min at 4˚C,
the lysate was centrifuged at 10,000 rpm for 30 min at 4˚C.
For Western blot analysis, 4 μg protein was added to a
loading buffer and boiled for 5 min. Subsequently, the protein
sample was subjected to 10% SDS-polyacrylamide gel electro-
phoresis (SDS-PAGE) followed by transfer to a polyviny-
lidene difluoride membrane. The membrane was then blocked
with 5% non-fat dry milk in TPBS (0.1% Tween PBS) buffer
at 4˚C overnight. After decanting the blocking buffer, the
membrane was incubated with anti Gal-1 monoclonal anti-
body (Novocastra laboratories Ltd., CL-GAL1) in PBS with
5% BSA for 1 h at 37˚C with agitation. After washing 4
times with TPBS, the membrane was incubated with secon-
dary antibodies conjugated with horseradish peroxidase
(Santa Cruz Biotechnology) for 1 h at 37˚C. After washing,
the membrane was submerged in ECL developing solution
(Amersham) followed by autoradiography.

Results

Clinicopathological characteristics. The mean age of the
enrolled OSCC and OPL patients was 56.1 and 46.2 years,
respectively. The other related information can be obtained
from Table I.

Immunohistochemistry. We found the protein expression of
Gal-1 increased gradually from NOM (Fig. 1), OPL to OSCC
tissues. In the OPL tissues, positive staining was mainly
found in prickle cell layer (Fig. 2). The OSCC cancer cells
showed very strong staining (Fig. 3). The positive staining
of Gal-1 was also found in cancer-associated stromal cells.
Gal-1 was expressed mainly in the cytoplasm, but was also
found in the nucleus (Fig. 3). There were significant
differences in Gal-1 staining between NOM and OSCC
cancer cells (P<0.05), as well as OPL prickle cells (P<0.05).
Gal-1 expression in OSCC was also higher than in OPL
tissues (P<0.05) (Figs. 4 and 5). The positive staining was
significantly stronger in the poorly-differentiated tissues than
in well-differentiated tissues (P<0.05). The correlation
between Gal-1 expression and the clinicopathological
variables in detected cases is summarized in Table I, the Gal-1
expression did not show any statistically significant changes
according to gender, age, sites of tumor, or AJCC stage. This
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result implied that Gal-1 may overexpress in cancer cells and
cancer-associated stromal cells during early oral carcino-
genesis.

RT-PCR. From left to right, the Gal-1 RT-PCR bands are
from OSCC, OPL and NOM respectively. GAPDH was used
as internal control. The PCR band is 179 bp. The results
demonstrated that the mRNA increased gradually from NOM,
OPL to OSCC, which were coincident with the results of
immunohistochemistry (Fig. 6).
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Table I. The correlation between Gal-1 expression and the
clinicopathological variables in 62 OSCC patients.
–––––––––––––––––––––––––––––––––––––––––––––––––
Variable Case - + Positive ¯2 P-value

rate %
–––––––––––––––––––––––––––––––––––––––––––––––––
Gender

Male 38 7 31 81.58 0.384 >0.05
Female 24 6 18 75.00 0.384 >0.05

Age (years)
<55 29 6 23 79.31 0.068 >0.05
≥55 33 7 26 78.79 0.068 >0.05

Sites of tumor
Tongue 43 10 33 76.74 0.443 >0.05
Others 19 3 16 84.21 0.443 >0.05

Differentiation
Well 36 11 24 69.44 4.762 <0.05
Moderately + 17+9 2+0 15+9 92.31 4.762 <0.05
Poorly

AJCC stage
I + II 22 4 18 81.82 0.160 >0.05
III + IV 40 9 31 77.5 0.160 >0.05

–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Gal-1 expression was negative in NOM (SPX200).

Figure 2. Gal-1 positive staining was mainly found in prickle cell layer in
OPL tissues (SPX200).

Figure 3. Strong positive of Gal-1 in OSCC cancer cells locates mainly in
cytoplasm (SPX200).

Figure 4. Gray scale of Gal-1 positive staining in NOM, OPL, OSCC has
significant difference.
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Western blot analysis. To further confirm the protein level of
Gal-1 in the three groups described above, we also analyzed
its expression by Western blotting. As shown in Fig. 7, OSCC,
OPL, and NOM tissues express high, intermediate, and low
amounts of Gal-1 respectively. The band corresponding to
OSCC was markedly more prominent in NOM. On the other
hand, OPL tissues showed intermediate expression level
compared with the other two groups (Fig. 7).

Discussion

This study focused on evaluating the Gal-1 function in OSCC
development. We showed that Gal-1 protein was signi-
ficantly upregulated in OPL prickle cell layer compared to
NOM, the highest level of Gal-1 was found in cancer cells of
OSCC, which corresponded with Gal-1 mRNA. Together
with all the results, we guess Gal-1 may serve as a potential
biomarker to predict the risk for OSCC development in
patients with OPL.

As described above, functional Gal-1 is a homodimer and
performs a variety of functions (10,11). Gal-1 is known to
be an important contributor to T cell homeostasis (12-16). It
modulates immune cell functions by controlling the proli-
feration and apoptosis of effector T cells, as well as blocking
T cell activation (12-17). Stillman et al (15) proved that Gal-1
bound cell surface glycoprotein receptors to induce T cell
death. In an experimental study of chronic inflammatory
diseases, recombinant Gal-1 has been shown to suppress
Th1-dependent responses and to enhance T cell susceptibility
to apoptosis (16). Gal-1 also greatly increases the secretion
of Th2 cytokines, including interleukin (IL)-4, IL-5, IL-10,
and IL-13 (18,19). At present Gal-1 is considered as a novel
regulator of immune cell homeostasis.

Recent studies demonstrated that Gal-1 plays important
roles in carcinogenesis and cancer progression in many types
of tumors (7,20). Its overexpression has been correlated with
several aspects of cancer biology, including modulation of
cancer cells apoptosis, migration and adhesion (21). Gal-1
was found overexpressed in hypopharyngeal and laryngeal
squamous cell carcinomas (9). It also increased the
adhesion of prostate cancer cells and ovarian cancer cells to
extracellular matrix (22). Exogenous Gal-1 was proved to
enhance the locomotivity of malignant glioma cells in vitro
(23).

Regarding OSCC, Gal-1 has been proved to be an OSCC-
related protein and gene (24). Chiang et al (25) showed
that the overexpression of Gal-1 at OSCC invasive front was
associated with poor prognosis. But there has been no report
of Gal-1 effect on OSCC development. Our study demon-
strated that the Gal-1 mRNA and protein levels were
significantly higher in OSCC cancer cells compared to NOM
epithelium. Cancer-associated stromal cells also had strong
positive staining, Gal-1 was significantly upregulated in
poorly differentiated and moderately differentiated tissues
than in well-differentiated tissues. We did not find any
obvious correlation between Gal-1 expression in cancer cells
and clinicopathologic parameters such as gender, age, sites of
tumor or AJCC stage. We found Gal-1 mRNA and protein
were also frequently higher in OPL than NOM, but lower
than in OSCC. Associating our results with previous findings,
we consider that Gal-1 promotes OSCC development. The
mechanism is still unknown, but there is a good prospect that
it is associated with T cells apoptosis induced by Gal-1.
Tumor development involves many complicated factors, the
most important of which is the ability of cancer cells to
escape detection and elimination by the host immune system.
T cells play a pivotal role in host immune response against
cancer cells, but Gal-1 secreted by cancer cells can induce
T cells to apoptosis, so it is believed that Gal-1 promotes
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Figure 5. Positive area of Gal-1 in NOM is much smaller than that in OPL
and OSCC.

Figure 6. Gal-1 RT-PCR results of OSCC, OPL, NOM tissues.

Figure 7. Gal-1 Western blot results of OSCC, OPL, NOM tissues.
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tumor immune privilege (11). Argentinian scientists reported
that the higher the Gal-1 was in mouse melanoma cells, the
faster the tumors grew. Blocking Gal-1 expression in tumor
tissues would result in decreased tumor volume, and
stimulation of the formation of tumor-specific T cytological
in vivo. So, Gal-1 might help the tumor to obtain immune
privilege by regulating the survival or polarization of effector
T cells (11). Blois et al proved the pivotal role for Gal-1 in
fetomaternal tolerance (26), suggesting that Gal-1 inducing T
lymphocytes to apoptosis was closely-related with immune
suppression.

Although it is not yet fully elucidated, the role of Gal-1 in
OSCC development is certainly an interesting issue due to
the highlighted significance of Gal-1 in squamous cell
carcinoma (24,25). Collectively, we consider Gal-1 a
potential biomarker to predict the risk for OSCC develop-
ment in patients with OPL.

References

1. Lippman SM and Hong WK: Molecular markers of the risk of
oral cancer. N Engl J Med 344: 1323-1326, 2001.

2. Mao L, Hong WK and Papadimitrakopoulou VA: Focus on
head and neck cancer. Cancer Cell 5: 311-316, 2004.

3. Parkin DM, Bray F, Ferlay J and Pisani P: Global cancer
statistics. CA Cancer J Clin 55: 74-108, 2005.

4. Broche LM, Navneet Bhadal, Lewis MP, et al: Early detection
of oral cancer: is dielectrophoresis the answer? Oral Oncol
43: 199-203, 2006.

5. Papadimitrakopoulou VA, Hong WK, Lee JS, et al: Low-dose
isotretinoin versus beta-carotene to prevent oral carcinogenesis:
long-term follow-up. J Natl Cancer Inst 89: 257-258, 1997.

6. Brewer CF: Binding and cross-linking properties of galectins.
Biochim Biophys Acta 1572: 255-262, 2002.

7. Danguy A, Camby I and Kiss R: Galectins and cancer. Biochim
Biophys Acta 1572: 285-293, 2002.

8. Tinari N, Kuwabara I, Huflejt ME, et al: Glycoprotein 90K/
MAC-2BP interacts with galectin-1 and mediates galectin-1-
induced cell aggregation. Int J Cancer 91: 167-172, 2001.

9. Saussez S, Decaestecker C, Lorfevre F, et al: Increased
expression and altered intracellular distribution of adhesion/
growth-regulatory lectins galectins-1 and -7 during tumour
progression in hypopharyngeal and laryngeal squamous cell
carcinomas. Histopathology 52: 483-493, 2008.

10. Barondes SH, Castronovo V, Cooper DN, et al: Galectins: a
family of animal ß-galactoside-binding lectins. Cell 76: 597-
598, 1994.

11. Cooper DN: Galectinomics: finding themes in complexity.
Biochim Biophys Acta 1572: 209-231, 2002.

12. Perillo NL, Pace KE, Seilhamer JJ, et al: Apoptosis of T cells
mediated by galectin-1. Nature 378: 736-739, 1995.

13. Rubinstein N, Alvarez M, Zwimer NW, et al: Targeted inhibition
of galectin-1 gene expression in tumor cells results in heightened
T cell-mediated rejection: a potential mechanism of tumor
immune privilege. Cancer Cell 5: 241-251, 2004.

14. Garín MI, Chu CC, Golshayan D, et al: Galectin-1: a key
effector of regulation mediated by CD4+CD25+ T cells. Blood
109: 2058-2065, 2007.

15. Stillman BN, Hsu DK, Pang M, et al: Galectin-3 and galectin-1
bind distinct cell surface glycoprotein receptors to induce T cell
death. J Immunol 176: 778-789, 2006.

16. Rabinovich GA, Daly G, Dreja H, et al: Recombinant galectin-1
and its genetic delivery suppress collagen-induced arthritis via
T cell apoptosis. J Exp Med 190: 385-398, 1999.

17. Bi S, Earl LA, Jacobs L, et al: Structural features of galectin-9
and galectin-1 that determine distinct T cell death pathways. J
Biol Chem 283: 12248-12258, 2008.

18. Van der Leij J, van den Berg A, Harms G, et al: Strongly
enhanced IL-10 production using stable galectin-1 homodimers.
Mol Immunol 44: 506-513, 2007.

19. Stowell SR, Qian Y, Karmakar S, et al: Differential roles of
galectin-1 and galectin-3 in regulating leukocyte viability and
cytokine secretion. J Immunol 180: 3091-3102, 2008.

20. Liu FT and Rabinovich GA: Galectins as modulators of tumour
progression. Nat Rev Cancer 5: 29-41, 2005.

21. Rabinovich GA: Galectin-1 as a potential cancer target. Br J
Cancer 92: 1188-1192, 2005.

22. Van den Brule F, Califies S, Garnier F, et al: Galectin-1 accu-
mulation in the ovary carcinoma peritumoral stroma is induced
by ovary carcinoma cells and affects both cancer cell proli-
feration and adhesion to laminin-1 and fibronectin. Lab Invest
83: 377-386, 2003.

23. Camby I, Belot N, Lefrance F, et al: Galectin-1 modulates
human glioblastoma cell migration into the brain through
modifications to the actin cytoskeleton and levels of expression
of small GTPases. J Neuropathol Exp Neurol 61: 585-596,
2002.

24. He QY, Chen J, Kung HF, et al: Identification of tumor-
associated proteins in oral tongue squamous cell carcinoma
by proteomics. Proteomics 4: 271-278, 2004.

25. Chiang WF, Liu SY, Fang LY, et al: Overexpression of galectin-1
at the tumor invasion front is associated with poor prognosis
in early-stage oral squamous cell carcinoma. Oral Oncol 44:
325-334, 2008.

26. Blois SM, Ilarregui JM and Tometten M: A pivotal role for
galectin-1 in fetomaternal tolerance. Nat Med 13: 1450-1457,
2007.

ONCOLOGY REPORTS  21:  983-987,  2009 987

983-987  4/3/2009  11:52 Ì  ™ÂÏ›‰·987


