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Background: This study was performed to investigate the effect of insulin-like growth factor binding
protein 3 (IGFBP3) on the biological behavior of tumor cells and tumorigenesis of oral squamous cell
carcinoma (OSCC).

Methods: OSCC HB96, CAL27, and Tca8113 cells were transfected with the following plasmids: siRNA-
IGFBP3, pcDNA-0-IGFBP3, or siRNA-NC (negative control). The effect of aberrant IGFBP3 on cell
viability, apoptosis, and colony formation was assessed. Quantitative real-time PCR (qRT-PCR) and western
blot analysis were used to measure IGFBP3 mRNA and protein levels, respectively. HB96 and CAL27
cells were transfected with IGFBP3-expressing lentiviral plasmids and then transplanted into nude mice to
monitor xenograft tumor formation.

Results: An optimal transfection efficiency was obtained with 50 pmol siRNA-IGFBP3. Transient silencing
of IGFBP3 significantly reduced cell viability, and increased apoptosis in comparison with the non-targeting
negative control (NC). Overexpressing IGFBP3 promoted cell viability. Additionally, in comparison with
the NC group, both cell growth and colony formation were reduced, while apoptosis was elevated in stably
transfected cells. Moreover, silencing IGFBP3 inhibited cell viability and tumor formation in nude mice
after 3 weeks, and colony formation, diminished tumorigenesis in nude mice, but promoted cell apoptosis in
OSCC cells.

Conclusions: Collectively, our study revealed a protumorigenic role for IGFBP3 in OSCC cancer cells,
and demonstrated a potential mechanism for the dysregulation of IGFBP3 in cell growth. Therefore,
IGFBP3 may be a potential therapeutic target for the treatment of OSCC.
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Introduction

Oral cancer is one of the top ten common malignancies
observed in the human body, which results in dysfunction
in eating, speaking, and breathing. Oral squamous cell
carcinoma (OSCC), accounts for 90% of oral cancer cases
and is the most prevalent tumor in the head and neck area.
OSCC is characterized by poor patient prognosis, with a
S-year survival rate of 50-60% (1,2). Interestingly, 50%
of OSCC patients exhibit cervical lymph node metastasis,
which has been suggested to be a prognostic indicator
of poor clinical outcomes (3,4). In spite of the numerous
advances in both diagnosis and treatment, including radical
surgery, radiotherapy, and neoadjuvant chemotherapy,
the past decade has seen little significant improvement
in the prognosis or survival of patients with advanced or
recurrent OSCC (5). Thus, a better understanding of the
OSCC pathogenesis and the development of predictive and
prognostic biomarkers are the immediate needs of OSCC
patients.

Insulin-like growth factor binding protein 3 IGFBP3) is
a principal member of the IGFBP family that can bind with
circulating insulin-like growth factor IGF), which regulates
the mitogenic activity (6). There is overwhelming evidence
corroborating the key role of IGFBP3 in the pathogenesis
and progression of cancers. IGFBP3 expression is
upregulated in most tumors, including pancreatic ductal
adenocarcinoma, gastrointestinal stromal tumor, lung,
gastric, and breast cancers (7-10). However, reduced
IGFBP3 expression has been reported in hepatocellular
carcinoma (HCC) (11). Zhong et 4/. demonstrated the
transcriptomic and proteomic overexpression of IGFBP3 in
OSCC cell lines and human tumor tissues (12). Functionally,
IGFBP3 has been shown to act as an antioxidant by
inhibiting reactive oxygen species. It has also been shown
to promote epithelial-to-mesenchymal transition and
motility (13,14). IGFBP3 has prognostic value in various
cancers including breast, colorectal, and prostate cancers.
Yen et al. also demonstrated that IGFBP3 elevated the
migration and lymph node metastasis of OSCC cells in
an IGF-independent pattern (15). Therefore, IGFBP3 is
likely to be a promoter of tumorigenesis. Nevertheless, the
functional role of IGFBP3 in OSCC still remains unclear.

To our knowledge, there are only a few reports that have
detailed IGFBP3 function in OSCC in vitro and in vive. In
the present study, we used small interfering RNA (siRINA)
and gene cloning technology to silence and overexpress
IGFBP3 by transient and stable transfection of OSCC
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cell lines. The functional role of IGFBP3 in cell viability,
apoptosis, colony formation iz vitro, and tumorigenesis
in vivo was evaluated. We established the relationship
between IGFBP3 and cell growth and tumorigenesis
of OSCC. This is expected to further define OSCC
pathogenesis and spark the development of better
therapeutic strategies for the clinical management of the
disease.

Methods
Cell culture

Ninth People’s Hospital, Shanghai Jiao Tong University
School of Medicine Human OSCC cell lines, HB96 and
CAL27 (American Type Culture Collection, Manassas,
USA), were grown in Dulbecco’s Modified Eagle’s
Medium (DMEM, Gibco, USA), supplemented with 10%
fetal bovine serum (FBS; Gibco, Grand Island, USA),
100 U/mL penicillin and 100 pg/mL streptomycin.
Human OSCC Tca8113 cells were cultivated in RPMI-
1640 medium (Gibco, Grand Island, USA), supplemented
with 10% FBS, 100 U/mL penicillin and 100 pg/mL
streptomycin. All three OSCC cell lines were kept at 37 °C
in a humidified incubator with 5% CO,. Cells were grown
to 70-80% confluence and then used for experiments.

IGFBP3 stable transfection
The IGFBP3 overexpression plasmid (pcDNA3.0-IGFBP3)

and its control vector plasmid were preserved in our
laboratories. Short hair IGFBP3 shRNA synthesized by
Sangon Biotech (Shanghai, China) was inserted into the
pSUPER via enzyme digestion, and the IGFBP3 shRINA
plasmid was constructed through transfection, selection,
and plasmid extraction. The target sequence for IGFBP3
shRINA is as follows: 5'-GCACAGATACCCAGAACTT-3".
HB96, CAL27, and Tca8113 cells were transfected with
corresponding plasmids to overexpression or knockdown
IGFBP3 using Lipofectamine 2000 reagent according to
the manufacturer’s instructions, and incubated at 37 °C for

48 h (16-18).

Western blot

"Total protein was isolated from HB96, CAL27, and Tca8113
cells using a lysis buffer (Applygen Technologies Inc.,
Beijing, China). Protein concentration was then determined
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using a BCA Protein Assay Kit (PIERCE, USA). Samples
were then transferred to polyvinylidene fluoride (PVDF)
membrane (Millipore, Boston, USA). Subsequently,
membranes were incubated with the primary antibody (anti-
IGFBP3 polyclonal antibody, Abcam, Cambridge, UK;
1:1,000) overnight at 4 °C. After washing with phosphate
buffered saline (PBS) three times, membranes were
incubated with a horseradish peroxidase-tagged secondary
antibody (Fermentas, Vilnius, Lithuania; 1:1,000) for 1 h at
room temperature. B-Actin was used as the loading control.
The bands were visualized with an Odyssey laser scanning
system.

Cell viability assay

OSCC cell growth was measured by cell counting kit-8
(CCK-8; Dojindo, Kumamoto, Japan). Briefly, HB96,
CAL27, and Tca8113 cells (2x10°/well) were seeded in
96-well microplates. Afterwards, 10 pL. CCK-8 solution
was added and cells were incubated for 1 h at 37 °C in a
humidified 5% CO, incubator. The absorbance was assessed
on an automatic quantitative microplate reader (Anthos
Labtec Instruments GmbH, Wals, Austria) at 450 nm for
7 consecutive days.

Apoptosis assay

Apoptosis of OSCC cells in the NC and si-IGFBP3 groups
were quantified using Annexin V/7-AAD staining. Cellular
supernatants from OSCC cell cultures were collected in
flow tubes and fixed with 1% pancreatin. Fixed cells were
then resuspended in 0.5 mL binding buffer and counted.
Annexin V and 7-AAD (2.5 pL each) were then added to
100 pL aliquots of the fixed cells and incubated for 15 min.
The cells were then analyzed by flow cytometry.

Colony formation assay

OSCC cells in the NC and si-IGFBP3 groups were trypsinized
and then cultured at a density of 1,000 cells/10 cm in
RPIM-1640 medium supplemented with a working
concentration of 600 mg/mL G418 for 3 weeks. Cells were
fixed using cold methanol and glacial acetic acid (3:1) for
30 min and stained with Gimsa (Sigma, USA) for 20 min.
The surviving colonies (number of cells >50) were manually
counted and photographed.
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Lentivirus-mediated gene transfer

The shuttle vector SIS05A-1 was ligated with IGFBP3-
siRNA-516 to construct the plasmid pGreenPuro-
shIGFBP3. The packaging procedure was performed based
on SBI’s user manual. SBI lentivirus system contained four
plasmids pPACKHI1-REV, pPACKHI1-GAG, PVSV-G
and pGreenPuro-shIGFBP3 along with green fluorescent
protein (GFP; Open Biosystems, Huntsville, USA). The
four plasmids were cotransfected into HB96 and CAL27
cells at 50-70% confluence.

Xenograft transplantation experiments

All the animal experimental protocols were approved by
the ethics committee of Shanghai Ninth People’s Hospital,
Shanghai Jiao Tong University School of Medicine
[HKDL(2018)410]. In brief, 5x10°%/mL of CAL27 cells were
implanted subcutaneously in quadruplicate fashion into
BALB/cASlac-nu mice (male, 3-4 weeks old; Laboratory
Animal Center of Chinese Academy of Science, Shanghai,
China). The tumor volume was measured. Mice were
euthanized 5 weeks post tumor implantation, and tumors
were excised for gross observation and measurement of
tumor weight.

Statistical analysis

Data are expressed as mean = standard deviation (SD).
Statistical differences were evaluated using SPSS 19.0 (SPSS,
IL, USA). Statistical analysis was performed using one-way
analysis of variance. We considered a P value of <0.05 as
statistically significant.

Results

Transfection efficiency of IGFBP3 knockdown in HB96,
CAL27, and Tca8113 cells

Preliminary transfection experiments were performed in
Tca8113 cells using 20, 50, and 100 pmol IGFBP3-targeting
siRNA in order to determine the siRNA concentration
necessary for efficient knockdown of IGFBP3 (Figure 1A4).
Twenty-four hours after transfection, nearly 80% of
Tca8113 cells expressed green fluorescence protein (GFP) in
response to 50 pmol siRNA. Additionally, qRT-PCR results
showed that si-IGFBP3 significantly reduced IGFBP3
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Figure 1 Transfection efficiency of siRNA-IGFBP3 in HB96, CAL27, and Tca8113 cells. (A) Transient knockdown of IGFBP3 was
performed with 20, 50, and 100 pmol siRNA in Tca8113 cells; (B) the mRNA level of IGFBP3 was decreased by 50 and 100 pmol si-
IGFBP3; (C) the protein level of IGFBP3 was decreased by 50 pmol si-IGFBP3. siRNA, small interfering RNA; IGFBP3, insulin-like

growth factor binding protein 3. ***, P<0.001.

mRNA levels compared with siRNA-NC (Figure 1B). The
interference effect of 50 and 100 pmol siRNA was similar.
Due to the cytotoxicity of siRNA, 50 pmol siRNA was
selected as the optimal dose for IGFBP3 silencing. The data
shown in Figure 1C demonstrates that IGFBP3 protein was
potently reduced by si-IGFBP3 in comparison to siRNA-
NC. Therefore, 50 pmol si-IGFBP3 was the concentration
chosen to be used in our subsequent experiments, for
efficient knockdown of IGFBP3 in HB96, CAL27, and
Tca8113 cells.

Effect of IGFBP3 knockdown on cell viability and apoptosis
in HB96, CAL27, and Tca8113 cells

The effect of IGFBP3 knockdown on cell viability and
apoptosis in HB96, CAL27, and Tca8113 cells is shown
in Figure 2. We found that cell viability with IGFBP3
knockdown was remarkably lower than that of the NC
group in the HB96, CAL27, and Tca8113 cells (Figure 2A).
In the HB96 cell line, there was a significant increase in the
number of apoptotic cells after transfection of the IGFBP3-
targeting siRNA (Figure 2B). These findings indicate that
silencing IGFBP3 inhibited cell growth in OSCC cells.

Effect of stable IGFBP3 knockdown on Tta8113 cell

functions

Since transiently silencing IGFBP3 can inhibit cell growth,
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we further detected the effect of stable transfection by
using a short hairpin lentiviral plasmid pSUPER-IGFBP3-
shRNA-516. After transfecting pSUPER-IGFBP3-
shRINA-516 into Tca8113 cells, western blot analysis showed
that the expression of IGFBP3 protein was noticeably
decreased in cells expressing the IGFBP3-interfering
plasmid in comparison to cells expressing the non-targeting
plasmid (Figure 34). Subsequently, we assessed cell viability,
apoptosis, and colony formation in stable Tca8113 cells.
Figure 3B,C,D shows that cell growth was slower, cell
apoptosis was elevated, and colony formation was reduced
in stably transfected cells in comparison with control cells.
These data suggest that silencing IGFBP3 suppressed
tumor cell growth of OSCC cells.

Effect of lentivirus-mediated overexpression of IGFBP3 on

tumorigenesis

We transfected IGFBP3 lentiviral plasmids into HB96 and
CAL27 cells to determine the effect of silencing IGFBP3
on OSCC tumorigenesis. We found that the expression of
IGFBP3 protein was significantly decreased in comparison
to the control (Figure 4A4). In mice, CAL27 cells with
silencing of IGFBP3 were implanted subcutaneously, and
tumor size and weight were measured (Figure 4B). We
found that the tumor size was smaller than the control
after 3 weeks. Thus, silencing IGFBP3 inhibited tumor
growth.
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Figure 2 Effect of IGFBP3 knockdown on cell growth in HB96, CAL27, and Tca8113 cells. (A) Cell viability in HB96, CAL27, and
Tca8113 cells transfected with si-IGFBP3-516 or siRNA-NC; (B) cell apoptosis in HB96 cells transfected with si-IGFBP3-516 or siRNA-
NC. siRNA, small interfering RNA; IGFBP3, insulin-like growth factor binding protein 3; NC, negative control; **, P<0.01; ***, P<0.001.
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Figure 3 Effect of stable transfection of IGFBP3 knockdown on Tca8113 cell functions. (A) IGFBP3 protein expression in stably transfected
Tca8113 cells; (B) cell viability in stably transfected Tca8113 cells; (C) cell apoptosis in stably transfected Tca8113 cells; (D) colony formation
in stably transfected Tca8113 cells; sShRNA, short hairpin RNA; IGFBP3, insulin-like growth factor binding protein 3. ***P<0.001.
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Figure 5 Effect of overexpressing IGFBP3 on cell viability. (A) mRINA expression of IGFBP3 in HB96, CAL27, and Tca8113 cells after
transfection with or without pcDNA3.0-IGFBP3; (B) protein expression of IGFBP3 in HB96, CAL27, and Tca8113 cells after transfection
with or without pcDNA3.0-IGFBP3; (C) cell viability of HB96, CAL27, and Tca8113 cells transfected with pcDNA3.0-IGFBP3 or empty
vector; IGFBP3-OE, IGFBP3 overexpressing; IGFBP3, insulin-like growth factor binding protein 3. **, P<0.05; ***, P<0.001.

Effect of IGFBP3 overexpression on cell viability

We constructed pcDNA3.0-IGFBP3 plasmid to overexpress
IGFBP3 in OSCC cells. We transfected pcDNA3.0-
IGFBP3 plasmid into HB96, CAL27, and Tca8113 cells and
found that IGFBP3 expression was significantly increased
at both the mRNA and protein level in comparison with
the control (Figure 54,B). Taken together, the transfection
efficiency of pcDNA3.0-IGFBP3 in HB96, CAL27, and
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Tca8113 cells was significant to be used in our subsequent
studies. Additionally, since silencing IGFBP3 inhibited cell
growth, we further detected the effect of overexpressing
IGFBP3 on cell viability. Figure SC shows that cell viability
was increased in response to IGFBP3 overexpression
in HB96, CAL27, and Tca8113 cells. These results
demonstrated that overexpressing IGFBP3 promoted cell
viability.

Transl Cancer Res 2019;8(5):1709-1717 | http://dx.doi.org/10.21037/tcr.2019.08.13



Translational Cancer Research, Vol 8, No 5 September 2019

Discussion

OSCC is one of the most common malignant tumors of
the head and neck, whose morbidity is increasing in recent
years. At present, surgical resection, radiotherapy and
chemotherapy are the main treatments for OSCC, but the
prognosis is still poor (1,2). Therefore, the exploration of
the molecular mechanism of OSCC to find new therapeutic
targets and new diagnostic markers is of great significance.
Along with the deepening of research, various biomarkers
have been distinguished to be related with OSCC. For
example, insulin-like growth factor-II mRNA binding
protein-3 (IGF2BP3) was reported to be an independent
predictor of death of patients with OSCC (19). Clauditz
et al. also reported IGF2BP3 as an independent prognostic
factor for squamous cell carcinomas of the head and
neck, especially the subgroup of OSCC (20). Moreover,
Hwang er al. showed that IGF2BP3 may be involved
in the pathogenesis of OSCC, especially in the bone
invasion (21). IGFBP3 is main component of the IGFBP
family. Accumulating evidence suggest that IGFBP3 is the
key factor in OSCC cell lines and OSCC models. Zhong
et al. demonstrated the accumulation of IGFBP3 mRNA
and protein in OSCC in vitro and in vive, the expression
of which correlated with the development of OSCC (12).
In line with this study, IGFBP3 was further found to be
sufficient to promote the migration, transmigration, and
lymph node metastasis of OSCC cells, independent of the
IGEF/IGFIR axis (15). Therefore, IGFBP3 may act as a
specific and positive biomarker for OSCC development and
progression.

However, little is known about the direct and integrated
role of IGFBP3 in OSCC oncogenesis at the molecular and
cellular levels. The emergence and maturity of siRNA and
gene cloning technology have provided effective approaches
for exploring gene functions. In the present paper, we
silenced IGFBP3 by siRNA-IGFBP3 and overexpressed
IGFBP3 using the pcDNA3.0-IGFBP3 vector to dissect the
effect of IGFBP3 in OSCC cells i vitro. Our results showed
that transient silencing of IGFBP3 statistically impaired cell
viability and enhanced cell apoptosis, while overexpressing
IGFBP3 promoted cell viability in vitro. Although IGFBP3
is overexpressed in OSCC models, cell lines, and tissues,
indicating that IGFBP3 may contribute to tumor cell
growth and proliferation, OSCC cells intrinsically possess
strong proliferative potential (22,23). Furthermore, stable
silencing of IGFBP3 diminished cell viability and colony
formation, and elevated apoptosis in stably transfected
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cells. These findings indicated the role of IGFBP3 in
promoting the cell growth of OSCC. These findings are
consistent with a number of published reports, which have
demonstrated IGFBP3 enhancement of cell proliferation
by IGF-dependent and -independent mechanisms (24,25).
Thus, IGFBP3, acting as a tumor promoter, increased
OSCC cell growth.

Given the fact that plasmid liposomes transfected into
cells to change gene expression are prone to express gene
loss and lower transfection efficiency (26,27), we employed
lentiviral transfection iz vivo to confirm IGFBP3 stable
expression without gene loss. CAL27-stable cell line with
siRNA-IGFBP3 was subcutaneously injected into BALB/
cASlac-nu mice to observe tumor formation. Interestingly,
no significant difference was observed in the size or weight
of implanted tumors in the control or experimental group
for 3 weeks. The difference between the transfection
group and control group was significant from 3 to 4 weeks.
This difference may be because of different tumor cell
microenvironments z vitro and in vive. In addition, the
effect on tumor formation of interfering only one gene
was limited. Hence, our study demonstrated that silencing
IGFBP3 inhibited tumor formation. Intensive studies are
encouraged to be performed to uncover the underlying
mechanism of IGFBP3 function in OSCC tumorigenesis.

Collectively, silencing IGFBP3 significantly inhibited cell
viability and colony formation, and promoted cell apoptosis
in OSCC cells, as well as diminished tumorigenesis in
nude mice. Taken together, our study described the
protumorigenic role of IGFBP3 in OSCC and outlined
a functional role for dysregulated IGFBP3 in OSCC cell
growth. Therefore, IGFBP3 should be considered a novel
gene target for OSCC treatment.
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