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INTRODUCTION

Cervical carcinoma is the second most common
form of cancer and one of the most important causes
of death among women around the world [1]. Despite
numerous studies, treatment of cervical cancer has
remained a considerable problem, especially in devel�
oping countries [2]. Human papilloma virus (HPV) is
the major cause of cervical cancer. More than 150
kinds of papilloma virus biotypes have been known
which are divided into genotypes of low, intermediate
and high risks based on the ability to induce oncogen�
esis [3–5]. Despite conventional treatments like cryo�
surgery, radiation and chemotherapy, a considerable
percent of patients continues to die from this disease
[6]. There is therefore a need for development of novel
treatment strategies [7, 8]. Several antiviral and
immunomodulatory agents were evaluated for treat�
ment of HPV�associated cervical tumors [9]. Using
the immune system to fight cancer is the basis of bio�
logical treatment methods. Nowadays, interferons
(IFNs) are used with chemotherapy in biological
treatments in order to strengthen the immune system.
Furthermore, several biological functions of IFNs,
including enhancement of the immune response by

activating certain immune cells such as natural killer
cells and dendritic cells, the antiangiogenic and
proapoptotic effects, make them suitable candidates
for anti�cancer therapy [10–12].

On the one hand, the HPV�16 protein E7 was
shown to sensitize malignant cells to IFN�α apopto�
sis. On the other hand, IFNs, such as IFN�α, IFN�β,
and IFN�γ, suppress the E6 and E7 gene transcripts in
certain carcinoma cell lines [13]. The modulatory
effect of IFNs on papilloma tumor cells designated
them as promising therapeutic agents along with other
strategies for HPV tumors [14]. Among the different
types of IFNs, IFN�α is the most widely used in spite
of the adverse effects induced, namely: nervous system
disorders, myelosuppression, flu�like symptoms such
as tremble, fever, muscular aches, weakness, loosing
appetite, nausea, diarrhea and vomiting that limit its
application in clinical stages [10]. During recent years,
a new member of the IFN family named interferon
type III, or IFN�λ, which was identified from the
human genomic sequence was classified as a member
of the cytokine type 2 family [15, 16]. This IFN dis�
played antiviral and antitumor features [17–23]. Sato
et al. [21] demonstrated the antitumor effect of IFN�λ in
the murine B16 melanoma and Colon 26 tumors.
They showed that NK cells were critical for IFN�λ�
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mediated tumor growth inhibition in vivo. The overex�
pression of IFN�λ in B16 cells induced cell surface
MHC class I and Fas (CD95) expression and more�
over, markedly increased caspase�3/7 activity con�
comitant with cell cycle arrest and apoptosis [21].
IFN�λ has similar signaling to that of IFN�α [24–26].
Because of the limited number of receptors and caus�
ing naturally less harm, the IFN�α is considered as a
promising agent for cancer therapy [10, 26–28]. Here,
the antitumor activity of IFN�λ3 was compared with
that of IFN�α in papilloma tumors in a mouse model.

EXPERIMENTAL

Plasmids. The eukaryotic expression vector of
murine IFN�λ3 (mIFN�λ3) was kindly provided as a
gift from Dr. Sergio Kotenko [27], and the expression
vector of murine IFN�α1 (mIFN�α1) was dedicated
by Dr. Stefano Indraccolo [29]. The expression of both
IFNs in eukaryotic cells was confirmed by respective
researchers. To confirm the integrity of the vectors,
enzyme digestion with XbaI and BamH I of the pCMV
mIFN�α1 plasmid and EcoRI and KpnI of the pEF�
mIFN�λ3 plasmid was performed. For plasmid injec�
tions into mice, the plasmids were extracted using the
plasmid DNA purification kit (Intron Biotechnology,
Korea).

Cells. The TC1 cell line which expresses the HPV�
16E7 and E6 oncoproteins, was used to create tumors
in the mouse animal model [30, 31]. The TC1 cells
were cultured in DMEM containing 5% of FBS
medium. The amount of 1 × 106 cells of the third pas�
sage were injected into each mouse. The erythroleuke�
mic cell line K562 was maintained in RPMI�1600 and
used as target cells for the NK cell assay.

Animal study. Female C57BL/6 mice (5 weeks old)
were purchased from the Pasteur Institute of Iran. The
mice were housed for one week before starting the
experiment, and maintained in a good condition. All
experiments were done according to the Animal Care
and Use Protocol of Tarbiat Modares University. To
create tumors, 1 × 106 cells were injected to the left or
right flank of each mouse. Two weeks after the TC1
injection, when the size of tumors reached about 5 mm,
the randomized groups of 5 animals received 3 intratu�

moral injections at 14�day intervals as described in the
table.

The weight of the mice and the size of the tumors
were recorded carefully at each step of the experiment.

NK cell cytotoxicity assay. The lytic activity of NK
cells was assayed against the K562 cell line, as a highly
sensitive target for the NK cells [32]. Fourteen days
after the last injection, spleens were aseptically
removed and homogenized in complete RPMI�1600
medium. The viability of splenocytes was determined
by trypan blue (0.4% w/v) exclusion, and the cells
were used as effector ones.

The K562 target cells were distributed into a 96�well
plate (2 × 105 cells/well) in 50 μL of RPMI�1600 with
1% serum. The effector cells were added to the target
cells at ratios of 25 : 1, 50 : 1 and 100 : 1 for a standard
lactate dehydrogenase (LDH) release assay. Wells con�
taining 50 μL of K562 cells plus 50 μL of medium with
1% serum served as the “low” control (lC), with less
LDH release, while the “high” control (hC) con�
tained 50 μL of K562 cells plus 50 μL of medium with
1% serum with lysis solution (which was added at the
end of the experiment). In the control well with the
effector cells (efC), 50 μL of the medium with 1%
serum plus 50 μL of spleen cells (the highest density
was used) were poured. All experiments were per�
formed in triplicate.

The plates were incubated for 6 to 8 h at 37°С with
90% humidity and 5% СО2. Then 100 μL of a freshly
prepared reaction mixture (LDH Cytotoxicity Detec�
tion Kit Plus, Roche, Germany) were added to each
well and incubated for 30 min in the dark. Finally, by
adding 50 μL of the stop�solution, the reaction was
stopped, and optical density was read at the wave�
length of 492 nm (A492). The percentage of cytotoxic�
ity was calculated with the following formula:

Percent Specific Release (%) 
= 100 × (Aef – Atar ⎯ AefC)/(AhC – AlC), 

where index A is A492 value for for effector (ef), target
(tar) cells and control cells (see above). The median
value for each triplicate was used for the calculations
of the cytotoxicity value.

Apoptosis assay. DNA fragmentation was deter�
mined by using the In Situ Cell Death Detection kit
(Roche, Germany) according to the manufacturer’s

Diffferently treated groups of mice and injection protocol

Group Material injected The number 
of mice

Injection dose, 
μg/mL

Interval between 
injections, days

The number 
of injections

Control PBS 5 100 14 3

Testifier pcDNA3.1 5 100 14 3

IFN�λ pEF�mIFN�λ3 5 100 14 3

IFN�α pCMV mIFN�α1 5 100 14 3

IFN�α/λ pEF�mIFN�λ3 + pCMV mIFN�α1 5 50 + 50 14 3
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protocol on de�paraffinized tumor sections, and then
the samples were counter stained with hematoxylin
and eosin (H&E). The total number of cells in a given
area was determined by using DAPI staining. The apo�
ptotic index was determined as the number of TUNEL
positive stained cells divided by the total cell number.
Three different sections from the center of the tumor
were considered for each sample.

Statistical analysis. Data obtained from the size of
tumor, NK cell cytotoxicity, apoptosis assay, body
weight and survival time were analyzed by one�way
ANOVA followed by SPSS software version 19. Values
of p < 0.05 were considered to be significant.

RESULTS

Measuring the Size of the Tumor

The average size of tumors on the first day of IFN
injection was 5 mm. Two weeks after the last injection

the sizes of the tumors were measured using a digital
caliper (Fig. 1). According to the accomplished calcu�
lations, the average size of tumors in the control
groups of PBS or empty vector was not statistically dif�
ferent. The mice received IFN�λ had a significantly
smaller tumor sizes as compared to the controls (Fig. 1).
The injection of IFN�α as well as the combined treat�
ment with IFN�α and IFN�λ resulted in a reduction
in tumor size as compared to the IFN�λ group (Fig. 1).

IFN Injection Increased the NK Cell Cytotoxicity

To verify that interferon therapy resulted in an
increased cytotoxic potential of NK cells, the splenic
cells isolated from treated mice were co�cultured with
K562 target cells at different effector/target ratios.
These cells have a low MHC expression, which makes
them sensitive to NK cell killing. Figure 2 shows that
NK cells from control mice were unable to efficiently
lyse the target cells. In contrast, target cells were effi�
ciently killed by NK cells from IFN�α and IFN�λ
treated mice. These data indicate that IFN treatment
strongly improves NK cell cytotoxicity in vitro. Fur�
thermore, the mice injected with a combination of
IFN�α and IFN�λ showed a significantly higher spe�
cific lysis compared to those of treated with IFN�λ
alone (p < 0.05)

IFN�Induced Apoptosis in Tumors

Cell apoptosis was measured by the TUNEL assay
using the In Situ Cell Death Detection kit 14 days after
the last injection. The results revealed the existence of
apoptotic cells in IFN�λ, IFN�α and IFN�λ/α groups
what indicates the induction of apoptosis in tumors
upon IFN therapy (Fig. 3).

Apoptosis was quantified by determining the per�
centage of biotinylated�dUTP (bdUTP)�positive cells
in a minimum of 1000 tumor cells counted in 10 fields
of 3 different sections from the center of the each
tumor (Fig. 4).

Body Weight and Survival Time

The time of survival was recorded for 7 days after
the last injection. Because of the large size of tumors in
the 12th weeks of the injection, the both control
groups, received PBS and PCDNA3.1+, were scari�
fied. In IFN�α group in the 11th week, 48 h after
injecting the second portion, 1 mouse died that was
possibly because of the side effect of IFN�α. In IFN�λ
and in IFN�λ/α groups no death was observed
through 16 weeks. Mice body weights were recorded
carefully upon arrival to the lab in the 5th week of their
life, at the beginning of the experiment (6th week) and
2 weeks after the first injection (8th week) and also
7 days after the last injection. Naturally, average weight
of female C57BL/6 is between 16.9 to 20.7 g at 5 to
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Fig. 1. The mean tumor size 14 days after the last injection.
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Fig. 2. Cytotoxicity of NK cells. The cytotoxic capacity of
splenic NK cells derived from treated mice was signifi�
cantly higher than that for the control groups (p < 0.05).
Data on the cytotoxicity induced by different treatments
are presented as mean ± SD calculated from 3 experi�
ments.
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12 weeks [33] The average weight of animals in each
group at different time points was shown in Fig. 5.

DISCUSSION

As the new member of the cytokine type 3 family,
INF�λ, was shown to have antiviral, antitumor and
immune regulatory activities [17, 28, 34]. IFN�λ and
IFN�α activate an identical group of genes. The
restricted amount of receptors of type III IFNs as
compared to type I allows us to consider them as pos�
sible alternative agents for IFN therapy with fewer side
effects [10]. Depending on the tumor type, a great
variability was reported in sensitivity to IFN therapy,
especially in the case of INF�λ. In the present study,
an antitumor activity of IFN�λ alone or in combina�
tion with IFN�λ in TC1 papilloma tumor cells were
investigated in the C57BL/6 mice model. The TC1
cell line was immortalized with E6 and E7 of the pap�
illoma virus. These oncoproteins were shown to make
cells sensitive to IFN�induced apoptosis. This prop�
erty may depend on the activation of proapoptotic Bak

that is down regulated in E6 and E7 transfected cells
[13, 14]. It was reported that the TC1 cells originated
from C57BL/6 lungs express the IFN�λ3 receptor
[35, 36].

In this study, the induction of apoptosis upon IFN
administration was shown. The chosen sections from
the center of the tumors with uniform cells partly con�
firmed to cause apoptosis of tumor cells and not of
infiltrated lymphocytes which are usually localized
around blood vessels. Our findings are in accordance
with the data reported by Sato at al. [21] on IFN�λ
induced apoptosis in murine B16 melanoma and
Colon26 cancer cells transduced with mouse IFN�λ.
As achieved in previous studies, type III IFNs
improved the therapeutic efficacy of IFN�α. In our
study, the combined administration of IFN�λ and
IFN�α displayed higher apoptotic death levels and
effective inhibitory action on tumor growth than indi�
vidual IFNs. This regiment reduces the dose and side
effects of IFN�λ administration [37, 38]. Although,
IFN�α alone also showed a dramatic effect on tumor
size reduction and apoptosis induction in comparison

(a) (b)

(c) (d) (e)

Fig. 3. Tunnel test in tumor sections of mice from different groups: control (a), testifier (b), IFN�λ (c), IFN�α (d), and IFN�λ/α (e).
The sections were stained with florescence (up) or DAB (bottom) conjugated antibodies. (The color variant is presented in the
Supplement to the article, see site www. molecbio.com.)
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with the control group, IFN�α therapy was more
effective in these issues but the death of a mouse in this
group may be regarded as a side effect of IFN�α
administration.

In addition to the direct apoptosis of tumor cells,
IFNs can elicit antitumor activity through the induc�
tion of the immune response. It was proved that NK
cells are the most important cells mediating in vivo
antitumor activity of IFN�λ [21]. IFN�λ stimulates
and enhances the number and cytotoxic activity of NK
cells [21, 39]. Similarly, using the NK cell cytotoxicity
assay we demonstrated that the antitumor activity
induced by IFN�λ was mediated by NK cells. All three
groups, which received IFN alone or in combination
showed statistically significant differences in NK cells
cytotoxicity as compared with the control groups and
more interestingly, in the IFNs combined group the
highest NK cells activity was detected. In summary,

this study revealed that IFN�α has an antitumor activ�
ity against the papilloma cervical cancer model
through induction of apoptosis and enhancement of
the NK cells activity. The combination of IFN�α with
IFN�λ showed a greater therapeutic effect and thus
may be considered as an alternative to IFN�λ immu�
notherapy in the treatment of papilloma tumors. At
present, IFN�α is being investigated to be used for
curing some maladies such as hepatitis C [40], but
there is still very limited amount of data on the prop�
erties IFN�λ what demands more studies to evaluate
its potential as a remedial agent in the treatment of
tumors. The use of new agents in clinical phases needs
more investigations on its effects, route of administra�
tion and application of a more safe form of the drug.
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