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Adenovirus expressing IFN-λ (Ad/hIFN-λ) produced  
anti-tumor effects through inducing apoptosis in  
human tongue squamous cell carcinoma cell
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Abstract: Objective: To investigate the potential therapeutic effects of adenovirus expressing IFN-λ1 and IFN-λ2 (Ad/
hIFN-λ) in treating squamous cell carcinoma of the oral tongue (SCCOT) and to explore the underlying mechanisms. 
Methods: Two SCCOT cell lines HSC-3 and Tca8113 were adopted as study objects. Cell Counting Kit-8 (CCK-8) cell 
proliferation and viability assay was performed to evaluate the antiproliferative effects of Ad/hIFN-λ and IFN-λ treat-
ments at different dosages. Flow cytometry (FCM) was performed to investigate the apoptosis rate induced by Ad/
hIFN-λ. In vivo study was performed through evaluating tumorigenicity and tumor volume on BALB/c nu/nu mice 
inoculated with HSC-3 cells with or without infection of Ad/hIFN-λ. qPCR was used to screen important apoptosis 
related genes expression and western blot (WB) was performed to verify the results. WB was also used to test the 
phosphorylation of STATs protein in the JAK/STAT signaling pathways. Results: Our results indicated an obvious anti-
proliferative effect of Ad/hIFN-λ in vitro on infected HSC-3 and Tca8113 cells. The antiproliferative effects started to 
appear at 48 h (day 2) after infection. IFN-λs alone treating HSC-3 and Tca8113 cells also showed a dose-dependent 
inhibitory manner. Though the antiproliferative effects did not show on 24 h (day 1), early apoptosis rate already 
increased significantly in cells infected with Ad/hIFN-λ (P<0.05) detected by FCM. The underlying mechanisms of 
antiproliferative activity rely on the IFN-λ signaling by phosphorylation of STATs protein. Expression of Bax, Bcl-2 and 
Caspase-3 were promoted by Ad/hIFN-λ leading to higher apoptosis rate. Upper stream of p21 and Rb dephosphory-
lation explained the Caspase-3 activation. Animal study showed that HSC-3 cells infected with Ad/hIFN-λ significant-
ly promoted the survival rate and decreased mean tumor volume comparing to HSC-3 cells group. Conclusion: Ad/
hIFN-λ injection had obvious antiproliferative effects on HSC-3 and Tca8113 cells. Ad/hIFN-λ induced apoptosis in 
SCCOT cells through increasing Bcl-2, Bax and Caspase-3 expression. Ad/hIFN-λ is a potential therapeutic strategy 
in treating oral tongue carcinoma. 
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Introduction

Interferons (IFNs) are crucial cytokines secret-
ed from host cells in response to various patho-
logical conditions like viruses, bacteria or 
tumor. Typically, IFNs are classified into three 
distinct types: Type I, Type II, and Type III. The 
recognition is mainly based on the type of 
receptors, and also distinct biological features 
and structures. The essential role of type I IFNs 
is their antiviral activity in almost all cell types 
upon viral infection [1]. In contrast, type II IFNs 
expression is restricted to immune cells like NK 
cells and T cells stimulating cell-mediated 
immune responses [1]. All IFNs share common 
effects in resisting viral infection and modulat-

ing immune system yet each subtype of IFNs 
has its own particular feature. 

Interferon-λs (IFN-λs) are new members of the 
old INF family. Belonging to type III IFN, three 
subtypes of IFN-λs were identified named IFN-
λ1 (IL-29), IFN-λ2 (IL-28A), and IFN-λ3 (IL-28B) 
[2-4]. Different from the receptors of type I and 
type II IFNs, IFN-λs interact and signal through 
receptor composed of IL-10R2 (CRF2-4) and 
IFN-λR1 (CRF2-12) [5]. Based on their structure, 
IFN-λs are more like the IL-10 family, which is 
also the reason of their sharing receptors with 
IL-10, IL-22 and IL-26 [3, 6]. Since its discovery, 
IFN-λs were found to have antiproliferative 
actions and antitumor activities [6-8]
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Squamous cell carcinoma of the oral tongue 
(SCCOT) is one type of head and neck squa-
mous cell carcinomas and remains one of the 
top 10 leading cancers in the US [9]. Despite 
the largely improved surgical and medical man-
agement, patients with recurrences remain the 
big difficulty in treating this disease. Besides, 
the side effect of chemotherapy and radiother-
apy is another thorny problem during the treat-
ment of SCCOT. In this regard, novel therapies 
are urgently required to improve the prognosis 
and patients’ quality of life. Gene therapies 
with adenoviruses (Ad) are potential therapeu-
tic strategies in treating malignant tumor. 
Recombinant INF-α has already been clinically 
tested and for its therapeutic potentiality in 
treating various malignancies [10]. The recently 
discovered IFN-λs showed excellent antitumor 
activities, researchers have already noticed its 
potential application in treating malignancies 
[11-13]. Based on the remarkable antitumor 
effects of IFN-λs, yet no research has been 
done of its role in SCCOT. It was proposed that 
IFN-λs could play important parts in SCCOT.

In this study, we investigated the transduction 
efficacy of our Ad vector Ad/hIFN-λ1 and Ad/
hIFN-λ2 with human SCCOT cell lines (HSC-3 
and Tca 8113). The antitumor and antiprolifera-
tive activities of IFN-λ were tested from both in 
vitro and in vivo perspectives. Both vectors 
were shown suppressive in the growth of SCCOT 
cells and also tumor volume revealing its pos-
sible clinical value. 

Materials and methods

Cell lines

Oral squamous carcinoma cell line of human 
(HSC-3), tongue squamous cell carcinoma cell 
line (Tca8113) and human embryonic kidney 
293 cells (HEK293) were purchased from 
Shanghai Type Culture Collection (Shanghai, 
China). 

Animals

6 to 8 week old male BALB/c nude mice were 
purchased from Shanghai Experimental Animal 
Center (Shanghai, China). Experimental proce-
dures were approved and performed according 
to guidelines of laboratory animal care and use. 
All efforts were made to reduce the number of 
animals tested and their suffering.

Adenovirus vector generation and infection

HSC-3 and Tca8113 cells were infected with 
Ad/hIFN-λ1 and Ad/hIFN-λ2 (Genechem life 
technologies, Shanghai) for stable expressing 
of IFN-λ1 and IFN-λ2. HEK293 cells were used 
to test infection efficiency. Infected cells were 
selected in medium containing 1 mg/mL puro-
mycin after three rounds of infection (6 hours 
each) in the presence of polybrene (Sigma- 
Aldrich). 

CCK-8 cell proliferation and viability assay

HSC-3 and Tca8113 cells were seeded (2×103 
per well) into 96-well plates and were cultured 
overnight. Culture medium was removed the 
next day and fresh medium was added together 
with Ad/hIFN-λ (Ad/hIFN-λ1 and Ad/hIFN-λ2) 
infection. Cell proliferation and viability were 
evaluated on day 1, 3 and 5 by Cell Counting 
Kit-8 (CCK8, Dojindo, Japan) reagent according 
to the manufacturers’ instructions. The absor-
bency of cells was measured using a 96-well 
plate reader at 450 nm.

Flow cytometry cell apoptosis assay

Ad/hIFN-λ induced apoptosis of HSC-3 and 
Tca8113 cells was detected by FCM with 
Annexin V-FITC Apoptosis Detection Kit 
(KeyGEN) following to the manufacturer’s 
instructions. The apoptosis rate was assayed 
by using FACSCalibur Flow Cytometry (BD, USA) 
at 488 nm.

Enzyme-linked immunosorbent assay (ELISA)

Levels of murine IFN-λ1 and IFN-λ2 in culture 
supernatants were assayed by ELISA according 
to the manufacturers’ instructions (R&D 
Systems). OD values were measured in an 
ELISA plate reader at a wavelength of 450 nm. 

qPCR

Total RNA was isolated using Trizol reagent (Life 
Technologies). Reverse transcriptase and 
oligo’dT primer were used to prepare cDNA 
from 1 μg of RNA according the manufacturer’s 
instructions (Takara, Japan). Two microlitres of 
each cDNA was then used for PCR amplification 
using primers for Bax, Bcl-2, Bcl-6, Caspase-3, 
Caspase-9 and Caspase-8. The detailed infor-
mation of primers were shown in Table 1.
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Western blot

Cells were lysed in prepared buffer containing 
10 mM Tris, pH 7.2, 150 mM NaCl, 5 mM EDTA, 
0.1% SDS, 0.5% Triton X-100, and 1% deoxy-

cholic acid. For Western blots, 30 μg of protein 
samples were subjected to SDS-PAGE followed 
by transfer onto PVDF membranes. After block-
ing in 5% BSA in PBS, membranes were incu-
bated with antibodies against Bcl-2 (1:1000), 

Table 1. Primer sequences for qPCR
primers Forward Reverse Tm (°C)
Bax 5’-GCGGCATTACCAACAT-3’ 5’-CTGGAAGCACCAACGA-3’ 59
Bcl-2 5’-ACCCGAAGCGGACATT-3’ 5’-GGCATCTCCCTGAACG-3’ 61
Bcl-6 5’-AGATGGAGATTTCTGATGGTCCTC-3’ 5’-CTTGCTTAGTTTCTTGTCTGGTGG-3’ 62
Caspase-3 5’-TACCCACCTCAGACAACAGCACC-3’ 5’-ATCCCCAATCAGAAAACCAGCAC-3’ 60
Caspase-8 5’-AGCAAAGAAGACAGGGAG-3’ 5’-CAGCGTCAAACAAAGG-3’ 62
Caspase-9 5’-CGGTCAAAGGAGGTAG-3’ 5’-GGAGCCATAGTCCAATA-3’ 61
β-actin 5’-TCCCTGTATGCCTCTG-3’ 5’-ATGTCACGCACGATTT-3’ 61

Figure 1. IFN-λ expression in human SCCOT cell 
lines after delivery of Ad/hIFN-λ. A. Represen-
tative images of Ad/hIFN-λ (GFP labeled) infec-
tion in Tca8113 cells, HSC-3 cells and HEK293 
cells. B. Flow cytometrical analysis of GFP posi-
tive Tca8113 cells, HSC-3 cells and HEK293 
cells with different MOIs. C. Secreted amounts 
of IFN-λ1 and IFN-λ2 from cells infected with 
Ad/hIFN-λ1 or Ad/hIFN-λ2 at 1000 MOI were 
tested with an ELISA. (n=3).
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Caspase-3 (1:1000), Bax (1:1000), STAT1 
(1:1000), STAT2 (1:1000), STAT3 (1:1000), 
p-STAT1 (1:1000), p-STAT2 (1:1000), p-STAT3 
(1:1000) p21 (1:1000), p-Rb (1:1000) and 
β-actin (1:1000) overnight at 4°C followed by  
1 h-incubation with secondary antibody 
(1:2000). Blots against β-actin served as load-
ing control.

Animal experiments and survival analysis

HSC-cells (1×106), Tca8113 cells (1×106) and 
mixed HSC-cells and Tca8113 cells (1×106) 
with or without Ad/hIFN-λ (Ad/hIFN-λ1 and Ad/
hIFN-λ2) infection were injected subcutaneous-
ly into BALB/c nude mice (8-week-old). Tumor 
volume growth curve were figured up according 
to formula (V=a2 · b · 0.52). Tumor inhibition 
rates were figured up in reference with previous 
study: tumor inhibition rate = (average tumor 
volume in CT group minus average tumor vol-
ume in Ad/hIFN-λ group)/mean tumor volume in 
CT group · 100% [13]. Mice were transfected 
with Ad/hIFN-λ (Ad/hIFN-λ1 and Ad/hIFN-λ2) 
when tumors size reached 10-15 mm in diam-
eter. In situ injections were performed with 200 
μL PBS as blank group, Ad-null as control group 
and Ad/hIFN-λ1, Ad/hIFN-λ2 with 3×108 pfu. 
Tumor size was measured at days 0, day 7, day 
14 and day 21. Animals were sacrificed after 
21 days for tumor dissection.

Statistical analysis

All data were analyzed by SPSS (ver. 13.0) soft-
ware and the results were showed by mean ± 
SD. Student’s t-test and two-way analysis of 
variance (ANOVA) were used to assess statisti-
cal significance, with P≤0.05 being regarded as 
significant.

Results

IFN-λ expression in human SCCOT cell lines 
after delivery of Ad/hIFN-λ

HSC-3, Tca 8113 and HEK293 cells were 
infected with Ad/hIFN-λ (Ad/hIFN-λ1 and Ad/
hIFN-λ2) at multiplicity of infection (MOI) of 3 or 
30 for 60 min. Cells were then cultured for 3 
days followed by analysis of GFP-positive cells 
percentage by FCM. From the results we can 
see that HSC-3 cells showed slightly better 
transduction efficacy without statistical signifi-
cance (Figure 1A, 1B). Secretions of IFN-λ1 and 

IFN-λ2 of the two cell types were examined 
through ELISA. Consistent with the results of 
FCM, secretion of IFN-λ1 and IFN-λ2 were high-
er in infected HSC-3 cells still with on signifi-
cance (Figure 1C). It is worthy to be noticed that 
IFN-λ2 secreted from both cells were much 
more than IFN-λ1. This result was consistent 
with a previous study [11], yet the underlying 
mechanism is still unknown.

Antiproliferative effects of Ad/hIFN-λ infection 

We next tested the effects of IFN-λ and Ad/h 
IFN-λ (Ad/hIFN-λ1 and Ad/hIFN-λ2) on prolifera-
tion and cell viability of SCCOT cells. IFN-λ1 and 
IFN-λ2 alone were first administered to HSC-3 
and Tca 8113 cells. IFN-λ was induced to the 
culture media of HSC-3 and Tca 8113 cells 
respectively with proper concentrations. At 24 
h after IFN-λ induction, the antiproliferative 
effects of IFN-λ was still not obvious (Figure 2A, 
2C). The results showed that IFN-λ started to 
have significant antiproliferative activity at 48h 
especially when the concentration reached to 
100 ng/mL (P<0.01) (Figure 2B, 2D). We then 
infected HSC-3 and Tca 8113 cells with con-
structed Ad/hIFN-λ (Ad/hIFN-λ1 and Ad/
hIFN-λ2). Cell number was counted at day 0, 1, 
3 and 5 to evaluate the total trend. Results 
revealed that both Ad/hIFN-λ1 and Ad/hIFN-λ2 
have strong antiproliferative effects on the two 
SCCOT cell lines (Figure 2E, 2F). The effect 
started to become obvious on day 3.

Apoptosis induction by Ad/hIFN-λ infection

We further investigated the effects of Ad/
hIFN-λ (Ad/hIFN-λ1 and Ad/hIFN-λ2) infection 
on apoptosis induction of SCCOT cells in vitro. 
HSC-3 and Tca8113 cells were infected with 
Ad/hIFN-λ1 infection, Ad/hIFN-λ2 infection or 
Ad/hIFN-λ infection. Cells were incubated for 
24 h before the obvious antiproliferative effects 
occurred as previously described. At day 1 (24 
h), FCM was performed to evaluated the early 
and late apoptosis rate of each cell (Figure 3A). 
The results showed that both Ad/hIFN-λ1 and 
Ad/hIFN-λ2 infection significantly increased the 
early cell apoptosis rate (P<0.001). Cells infect-
ed with both Ad/hIFN-λ1 and Ad/hIFN-λ2 
showed the highest early apoptosis rate com-
pare to single infection (Figure 3B). As for late 
apoptosis rate, although the trend was not as 
obvious as that of the early apoptosis rate, it 
was also clear that Ad/hIFN-λ infection 
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Figure 2. Antiproliferative effects of Ad/hIFN-λ infection. A. Cell viability of Tca8113 cells after treatments of IFN-λ1 
and IFN-λ2 at different dosages (0, 5 ng/mL, 50 ng/mL, 100 ng/mL, 150 ng/mL, 200 ng/mL) for 24 h was ex-
amined. B. Cell viability of Tca8113 cells after treatments of IFN-λ1 and IFN-λ2 at different dosages for 48 h was 
examined. C. Cell viability of HSC-3 cells after treatments of IFN-λ1 and IFN-λ2 at different dosages for 24 h was 
examined. D. Cell viability of HSC-3 cells after treatments of IFN-λ1 and IFN-λ2 at different dosages for 48 h was 
examined. E. Tca8113 cells were treated with Ad/hIFN-λ1 and Ad/hIFN-λ2 and cultured for 5 days. Live cells were 
counted at day 1, 3 and 5. F. HSC-3 cells were treated with Ad/hIFN-λ1 and Ad/hIFN-λ2 and cultured for 5 days. 
Live cells were counted at day 1, 3 and 5. Data in the figures represent average ± SD. (n=3) *P<0.05, **P<0.01, 
***P<0.001 based on one way ANOVA.
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Figure 3. Apoptosis induction by Ad/hIFN-λ infection. A. FCM analysis of early and late cell apoptosis infected with Ad/hIFN-λ1, Ad/hIFN-λ2 or both. B. Analysis of 
early and late cell apoptosis rate. C. Relative mRNA expression levels of Bax, Bcl-2, Bcl-6, Caspase-3, Caspase-8 and Caspase-9 in cells infected with Ad/hIFN-λ1, 
Ad/hIFN-λ2 or both. D. Representative western blot images of Bcl-2, Bax, Caspase-3 and β-actin in cells infected with Ad/hIFN-λ1, Ad/hIFN-λ2 or both. Data in the 
figures represent average ± SD. (n=3) *P<0.05, **P<0.01, ***P<0.001 based on one way ANOVA.
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increased late apoptosis rate (P<0.05). On the 
molecular level, qPCR was first performed for 
screening of several important apoptosis relat-
ed genes (Figure 3C). The results indicated that 
Caspase-3, Bax and Bcl-2 were significantly 
overexpressed by Ad/hIFN-λ infection, while 
Caspase-8, Caspase-9 and Bcl-6 expression 
were not affected. We then performed western 
blot to verify the results on protein level. The 
results remained consistent with our qPCR 
results (Figure 3D). 

Antitumor effects of Ad/hIFN-λ infection in vivo

We then explored the potential antitumor 
effects of Ad/hIFN-λ (Ad/hIFN-λ1 and Ad/
hIFN-λ2) in vivo by evaluating tumorigenicity of 
HSC-3 cells with or without Ad/hIFN-λ (Ad/
hIFN-λ1 and Ad/hIFN-λ2) infection. Cells were 
inoculated subcutaneously in nude mice and 
observed for the following 50 days. The results 
revealed that most of the mice injected with 
Ad/hIFN-λ infected HSC-3 cells remained alive 
until no mice survived in the HSC-3 injection 
group (Figure 4A). It is worthy to notice that 
HSC-3 cells infected with both Ad/hIFN-λ1 and 

Ad/hIFN-λ2 gave the highest survival rate 
among the four groups. Tumors were not even 
developed in the Ad/hIFN-λ group. Tumor vol-
ume was evaluated after the animals were sac-
rificed. Consistent with the survival study, 
tumor growth was significantly retarded in virus 
infection group compare to HSC-3 group. HSC-3 
cells infected with Ad/hIFN-λ (Ad/hIFN-λ1 and 
Ad/hIFN-λ2) showed smallest volume (Figure 
4B). 

Mechanisms of Ad/hIFN-λ antitumor effects in 
vitro 

Previous results indicated the obvious antipro-
liferative, apoptosis inductive and antitumor 
acitivity of Ad/hIFN-λ (Ad/hIFN-λ1 and Ad/
hIFN-λ2). We further explored the underlying 
mechanism in vitro trying to reveal the antipro-
liferative mechanism. We investigated the well-
studied JAK/STAT signaling activated by IFN-λ 
and particularly focused on the phosphoryla-
tion of STAT1, STAT2 and STAT3. The results 
showed that phosphorylation of the STATs 
occurred early after infection (20 min) and 
almost disappeared 2 hours later (Figure 5A). 
Among all the three STATs, STAT1 showed the 
most obvious change. We proved that Ad/
hIFN-λ1 induce apoptosis through up regulating 
Bcl-2, Bax and Caspase-3. To further explore 
the underlying mechanism, upper stream p-Rb 
and p21 expression were tested through west-
ern blot. We found that phosphorylation of Rb 
was inhibited while expression of p21 was 
increased (Figure 5B). This result explained the 
following change of caspase-3 activity. 

Discussion

In our study, we focused on the antitumor effect 
of IFN-λ in vitro and in vivo through construct- 
ing Ad/hIFN-λ (Ad/hIFN-λ1 and Ad/hIFN-λ2). 
Infection of Ad/hIFN-λ (Ad/hIFN-λ1 and Ad/
hIFN-λ2) into SCCOT cell lines HSC-3 and 
Tca8113 cells in vitro showed remarkable anti-
proliferative and apoptosis inductive activity. In 
vivo study of tumorigenecity and survival evalu-
ation verified our assumption that Ad/hIFN-λ 
has antitumor effects. Compare to other IFNs, 
IFN-λs have more biological functions and are 
considered to be one of the most potential ther-
apeutic strategies in treating cancer [6]. The 
antitumor effects of IFN-λs in vivo have been 
reported yet far from well learned [14]. More 
and more studies emerged regarding the poten-

Figure 4. Antitumor effects of Ad/hIFN-λ infection 
in vivo. Uninfected HSC-3 cells, Ad/hIFN-λ1 infected 
HSC-3 cells, Ad/hIFN-λ2 infected cells, Ad/hIFN-λ 
(Ad/hIFN-λ1 and Ad/hIFN-λ2) infected HSC-3 cells 
were injected subcutaneous into BALB/c nude mice 
(n=10). A. Percentage of survival mice. B. Average tu-
mor volumes in each group. Data in the figures rep-
resent average ± SD.
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tial antitumor effects of IFN-λs [8, 15, 16]. One 
group recently reported the epigenetic repro-
gramming of the type III interferon treatment in 
tumor suggesting that histone deacetylase 
(HDAC) inhibitor could improve IFN-λs sensitivi-
ty through elevating the expression of its recep-
tors [17]. However, the detailed underlying 
mechanism of its antiproliferative, antitumor 
and apoptosis inductive activity remains largely 
unknown. In this regard, we constructed Ad/
hIFN-λ (Ad/hIFN-λ1 and Ad/hIFN-λ2) to study its 
influence on SCCOT cells and its possible appli-
cation in treating SCCOT. As far as we know, 
this is the first study considering IFN-λ effects 
on SCCOT cells both in vitro and in vivo. 

The present data showed that Ad/hIFN-λ (Ad/
hIFN-λ1 and Ad/hIFN-λ2) had strong antiprolif-
erative effects on HSC-3 and Tca8113 cells. 
CCK-8 cell viability assay indicated the toxicity 
of both IFN-λ and Ad/hIFN-λ and showed that 
the toxicity effects occurred at a time point of 
48 h (day 2) after treatment. Since type III IFNs 
shares many similarities with type I IFNs both 
functionally, structurally and receptor-oriented. 
Both of the two types of IFNs activate the JAK/
STAT pathway [3]. The signaling via their recep-
tors results in the tyrosine phosphorylation of 
STAT1, STAT2, STAT3 and STAT5 [7]. Activation 
of the JAK/STAT pathway is closely related to its 
effects of antiviral and antiproliferative activity. 

Previous studies already confirmed that antitu-
mor effect of type III IFNs in murine models [14, 
21]. One of the most important potency is the 
apoptosis induction activity of IFN-λs. Li Q et al. 
reported that IFN-λs induce cell arrest on G1 
phase and apoptosis [22]. Similar to our study, 
they discovered that the G1 phase arrest 
occurred together with the up-regulation of p21 
and also dephosphorylation of retinoblastoma 
(Rb). Apoptosis was then occurred symbolized 
by cleavage of caspase-3 and PARP [22]. 
Among the apoptosis related genes we tested 
(Figure 3C), Bcl2, Bax and Caspase-3 were 
found to have significant fold change alteration. 
Slightly different with the research results from 
Li W’s group, we screened only caspase-3 ele-
vation and no caspase-9 and caspase-8 
change was detected. In Li W et al’s report, 
Caspase-3, caspase-9 and caspase-8 were 
both activated [23]. 

The antitumor activity IFN-λs is a more complex 
behavior than merely modulating specific cellu-
lar activities like proliferation and apoptosis. 
IFN-λs functions in a synergic manner with NK 
cells and other immune cells like B cells and 
macrophages. Q Li et al. exhibited that IFN-λs 
could activate NK cells with obvious over 
expression of DX5 and CD69 [11]. IFN-λ treat-
ments can also activate NK cells manifested as 
IFN-γ release. A very recent study showed that 

Figure 5. Mechanisms of Ad/hIFN-λ antitumor effects in vitro. HSC-3 cells were 
infected with Ad/hIFN-λ (Ad/hIFN-λ1 and Ad/hIFN-λ2) in previous. A. Representa-
tive western blot images of STAT1, pSTAT1, STAT2, pSTAT2, STAT3 pSTAT3, and 
β-actin. B. Representative western blot images of pRb, p21 and β-actin.

Previous studies already 
showed this clear relation-
ship between activation of 
the JAK/STAT pathway and 
its antiproliferative effects 
[18, 19]. In our study,  
we also showed that Ad/
hIFN-λ increased phos-
phorylation of STAT1, STA- 
T2 and STAT3. It is interest-
ing to notice that one group 
believed that the JAK/STAT 
pathway is not enough to 
maintain the antiprolifera-
tive activity especially in 
IFN-resistant carcinoma ce- 
ll lines, which is melanoma 
in their case [20]. Taking 
this into consideration, we 
also focused on the apop-
tosis induced by Ad/
hIFN-λ. 
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macrophages produce IL-12 under IFN-λs 
induction thus inducing IFN-γ in NK cells [24]. 
Angiogenesis is a crucial event in tumor growth 
and metastasis. Another study recently report-
ed that type III IFNs signaling also function in 
Myeloid-derived suppressor cells (MDSCs) 
mediated angiogenesis [25]. The possible 
mechanism lies on the stimulation of STAT3 
and the following subsequent angiogenesis fac-
tors induction. Further studies still need to be 
down evaluating the angiogenesis effects of 
IFN-λs together with antitumor activity. 

In conclusion, this study for the first time 
revealed the antitumor effects of Ad/hIFN-λ 
(Ad/hIFN-λ1 and Ad/hIFN-λ2) in treating SCCOT. 
We presented that Ad/hIFN-λ is potential in its 
clinical application towards treating oral squa-
mous carcinoma.
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