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Abstract 

Interferon tau (IFN-τ) is a promising alternative antiviral and immunotherapeutic agent in a wide 
variety of diseases including infectious, neurodegenerative, autoimmune and cancer due to its low 
toxicity in comparison with other type I interferon´s. The objective of our study was established 
the effect of the bovine IFN-τ on human (SiHa) and murine (BMK-16/myc) cells transformed with 
HPV 16 and evaluates the antitumor effect in a murine tumor model HPV 16 positive. We 
determine that bovine IFN-τ has antiproliferative effects, pro-apoptotic activity and induces 
repression of viral E6 and E7 oncogenes (time- and dose-dependent) on human and murine cells 
transformed with HPV 16 similar to the effects of IFN-β. However, IFN-τ induces greater 
antiproliferative effect, apoptosis and repression of both oncogenes in BMK-16/myc cells 
compared to SiHa cells. The differences were explained by the presence and abundance of the type 
I interferon receptor (IFNAR) in each cell line. On the other hand, we treated groups of 
tumor-bearing mice (HPV16 positive) with IFN-τ and showed the inhibition tumor growth effect in 
vivo. Our finding indicates that bovine IFN-τ may be a good candidate for immunotherapy against 
cervical cancer. 
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Introduction 
Interferon-τ (IFN-τ) is a multi-functional 

cytokine that was first identified as an antiluteolytic 
protein in ovine pregnancy1; it is functionally and 
structurally similar to the type I IFNs, which include 
IFNs-α, β and ω 2. IFN-τ most resembles IFN-ω (~75 % 
identity) and is similar to IFN-α and IFN-β (~50% and 
~25 % identity, respectively) with non-homology with 
IFN-γ3. IFN-τ has similar biological activity as the 
classical type I IFNs and binds to the same receptor 
(IFNAR), but this is not inducible by virus as the 
classical type I IFNs (α and β)4. In addition, has been 

shown to have antiviral activity in vitro against human 
immunodeficiency virus (HIV), feline 
immunodeficiency virus (FIV), ovine lentivirus 
(OvLV), bovine leukemia virus (BLV), etc, and 
antiproliferative activity like IFN-α5-7. However, 
IFN-τ has been demostrated to be less cytotoxic than 
IFN-α, at comparatively high doses in vitro8, thus is a 
cytokine with potential therapeutic.  

IFN-τ has been shown to induce or increase 
expression of IFN-stimulated genes (ISGs) such as 
IRF1, ISG15, 2’,5’-oligoadenylate synthetase (OAS)8, 
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Mx GTPase 1 (Mx-1)9, major histocompatibility 
complex (MHC) class I, and beta-2-microglobulin 
(B2M)10 which are mediated by the Type I IFN signal 
transduction pathway, which helps explain its related 
to the antiviral properties. IFN-τ also has 
antiproliferative properties similar to those of the 
classical type I IFNs (α, β and ω)6. IFN-τ has been 
shown to have antiproliferative activity on bovine rat 
and human cells6, including amnion epithelium, 
human lung large cell carcinoma (NCI-H460); human 
colon adenocarcinoma (DLD-1); human malignant 
melanoma (SK-MEL-28); human renal 
adenocarcinoma (ACHN); human promyelocytic 
leukemia (HL-60); human T cell lymphoma line (H9); 
human cutaneous T cell lymphoma (HUT 78) and 
human breast adenocarcinoma (MCF7)11. Although 
IFN-τ is a non-human protein, it has activity in human 
cells, suggesting that it may be useful as a therapeutic 
agent for cancer and viral diseases.  

Particularly IFNs has been widely used in 
treatment of cervical intraepithelial neoplasia (CIN) 
and cervical cancer (CC)12,13. Down-regulation of main 
human papillomavirus (HPV) E6 and E7 oncogenes 
expression has been observed after IFNs 
treatment14,15, but the effect toxicity has been 
observed. In HPV positives, cervical cancer cells 
treated with IFN-β causes a strong suppression cell 
proliferation and induces E6 and E7 repression, 
however, the molecular basis has not been well 
determined16. We propose that IFN-τ will be an 
excellent cytokine to CIN and CC treatment by low 
toxicity. The CC represent a tumor generated by 
oncogenic virus, thus is possible evaluates the 
antitumor effect and antiviral function of IFN-τ. In 
this context, is necessary investigate the ability of 
IFN-τ to down regulate the transcription of E6 and E7 
oncogenes, and also determine the suppression of cell 
proliferation and apoptotic effects in vitro as a 
therapeutic potential to CC. This asseveration will be 
answer using cell lines HPV transformed with 
oncogenic papillomavirus that express E6 and E7 
oncogenic and compared the effect with a classical 
type I IFNs. 

The main goal of our study was determined the 
repression of HPV oncogenes (E6/E7) and 
antiproliferative effects of bovine IFN-τ on human 
and murine cells transformed with human 
papillomavirus (HPV 16) compared to a classical type 
I IFNs (IFN-β). The inclusion of a murine epithelial 
cell line transformed with HPV 16, lies in its ability to 
induces tumors in Balb/c immunocompetent mice, 
which would allow further evaluation of the 
antitumor effect of IFN-τ in vivo. Our results 
demonstrate that both interferon´s (IFNs) inhibit 
proliferation of the cell lines in vitro, with no 

differences were detected between IFN-β and IFN-τ. 
However, HPV 16-transformed murine cells 
(BMK-16/myc) showed greater inhibition of 
proliferation than the human cells. We also analyzed 
the effects of both IFNs on the expression of E6 and E7 
HPV oncogenes in human and murine cells; the 
treatment with both IFNs reduced the expression of 
the transcripts of viral oncogenes E6 and E7 and had 
pro-apoptotic activity, but the IFN-τ induced greater 
repression of both oncogenes in murine BMK-16/myc 
cells compared to human SiHa cells transformed with 
HPV 16. These results can be explained in part by the 
greater detection of receptor of the type I interferon 
receptor (IFN-α/βRβ) in BMK-16/myc cells than in 
SiHa cells, which could be responsible for the 
response of IFN-τ in BMK-16/myc cells. Thus, our 
findings show that bovine IFN-τ may be a good 
candidate for immunotherapy against cervical cancer. 

Materials and Methods 
Cell Culture 

Cell lines transformed with HPV 16 genome: 
SiHa (human, HPV 16-positive) and BMK-16/myc 
(murine, HPV 16-positive), WI-38 (human, fetal 
lung-fibroblast HPV-negative), C-33 A (human, 
HPV-negative) and HaCaT (human, HPV-negative) 
were cultured in Dulbecco`s Modified Eagle’s 
Medium (DMEM) supplemented with 10% of fetal 
bovine serum (FBS), 10 µg of ampicillin, 2.5% of 
streptomycin, and 2.5% of amphotericin B at 37ºC, in 
95% humidity, and 5% of CO2. SiHa cells were 
obtained from American Type Culture Collection 
(ATCC) and BMK-16/myc cells were generously 
donated by Dr. Sophe Hallez (Université Libre de 
Bruxelles, Rhode-saint-genese, Belgium)17,18. 
BMK-16/myc cell line was established by 
co-transformation of baby BALB/C kidney cells with 
the c-myc gene and the HPV 16 genome, and this cell 
line produces tumors in immunocompetent mice. 

Proliferation Assay 
The proliferation assay was performed via the 

colorimetric method based on reduction of MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide). 8 x 103 cells were seeded in 96-well plates. 
After 24h of incubation, the cells were treated with 
increasing concentrations of IFN-τ (12.5, 25, 50 and 
100 ng/mL) (American Research Products) for different 
amounts of time (0, 24, 48 and 72h). After each 
incubation time, 200 µL of MTT (0.456 µg/µL, Sigma) 
were added to each well and 4h later the crystals were 
diluted with DMSO and then read in a 
spectrophotometer at 540 nm absorbance. The effect 
of IFN-τ was compared with treated cells with 
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identical conditions of IFN-β (Probiomed), with 
non-treated cells with FBS, and with non-treated cells 
without FBS as a negative control of cellular 
proliferation.  

Real-Time RT-PCR  
Total cellular RNA was isolated with Tripure 

from cells treated with 50 ng/mL of IFN-τ at 0, 24, 48 
and 72 h. Afterwards, 1 µg of RNA total was reverse 
transcribed to synthesize cDNA. The PCR reaction 
was performed with TaqMan probes for E6 and E7 
(E6-F5´-GAGCGACCCAGAAAGTTACCA-3´, E6-R: 
5´-TGTTGCTTGCAGTACACATTCTAATAT, probe 
E6M2FAM 5´-CAGCTCTGTGCATAACT3´-5NFQ, 
E7-F:5-CCGGACAGAGCCCATTACAATAT-3, 
E7-R:5´GAATGTCTACGTGTGTGCTTTGT, probe- 
E7FAM: 5´-CTACGCTTCGGTTGTGCG-35NFQ) and 
GAPDH (ID:Mm 00484668_m1) as a housekeeping 
gene (Applied Biosystems). The PCR reaction was 
carried out using the Sequence Detection System 
ABI-PRISM 7900 HT (Applied Biosystems). Samples 
were amplified using the following PCR variables: 1 
cycle of 50ºC for 2 min, 1 cycle of 95ºC for 10 min, then 
40 cycles of 95ºC for 15 sec, 60ºC for 30 sec, and 72ºC 
for 30 sec. Finally, the gene expression analysis was 
made with the comparative Ct method through the 
formula 2-∆∆Ct. 

Western Blot assay 
The SiHa and BMK-16/myc cells were lysed in 

cold RIPA lysis buffer (20mM Tris-HCL, pH 7.4, 10 
mM NaCl, 10 mM KCl, 3 mM MgCl2, 0.5% triton 
X-100, 0.5% NP-40 and protease inhibitors) by 
incubating for 30 min at 4ºC. The proteins were then 
collected by centrifugation and the concentration was 
determined using BCA protein assay kit (Pirce, 
Rockford, 1ll., USA), according to the manufacturer´s 
instructions. 50 µg of total protein was 
electrophoresed in SDS-PAGE 10% and the resolved 
proteins were transferred to nitrocellulose 
membranes (Amersham Biosciences, Piscataway, N.J., 
USA). The membrane was incubated with specific 
antibodies followed by horseradish 
peroxidase-conjugated secondary antibody 
incubation. The protein bands were detected using 
Pierce ECL Western Blotting substrate (Thermo 
Scientific). The antibody dilutions used were 
anti-IFN-α/βRβ, M-300 sc-30015 (dilution 1:500) and 
anti-β actin, C-11, sc-1615 (dilution 1:100): Santa Cruz 
Biotechnology (Santa Cruz, Calif., USA). 

Measurement Apoptosis assay 
Apoptosis was determine using the Caspase-Glo 

3/7 Assay (G8090, Promega), Briefly, 8x103 cells SiHa 
and BMK-16/myc were culture in 96-well plates, after 

24h of incubation, the cells were treated with 50 
ng/mL of IFN-τ (American Research Products) and 
IFN-β (Probiomed) for different amounts of time (0, 24, 
48 and 72h). Equal volume of Caspase-Glo 3/7 
reagent was added directly to each well and the plates 
were incubated at 37ºC for 1 h. The caspase activity 
(firefly luciferase) was measured by GloMasx Multi 
Microplate Luminometer (Promega Madison, WI, 
USA) using a protocol standard. Data are men±SD of 
three determinations and significant differences. 

Tumor inhibition assay 
Preclinical evaluation was carried out in an 

HPV-16-positive murine tumor model17. BALB/c mice 
at 6 to weeks of age were purchased from Charles 
River Laboratories, Wilminton, MA, USA. 5x105 
BMK-16/myc cells were injected subcutaneously into 
the back of Balb/c mice at a previously shaved site. 
Each group of five mice, their tumor volume was 
measured in mm3 every 3 days (V = larger diameter X 
smaller diameter2)/2. Tumor volume of 20 to 30 mm3 
was considered time zero and the subsequent effect of 
IFN-τ on tumor growth. Each group of mice was 
treated with 100 ng of IFN-τ and IFN-β administered 
intra-tumorally in a final volume of 20 μl in 1X PBS. 
Another group of five mice with treated with only 1X 
PBS (20 μl) and a group without treatment (control). 
All mice were monitored for a period of 28 days; 
tumor inhibition was determined by measuring 
tumor volume (mm3) every three days with a digital 
caliper. 

Statistical Analysis 
Data were analyzed with the software GraphPad 

Prism 5. For the proliferation studies the ANOVA test 
was performed and student`s t-test was used for the 
expression of E6 and E7. To analyzed the difference in 
tumor volume an ANOVA test was performed. In 
both cases, a p<0.05 was considered statistically 
significant. 

Results 
IFN-τ decreased the proliferation in human 
and murine HPV 16-transformed cells 

Initially, to examine the effect of IFN-τ on SiHa 
and BMK-16/myc cell growth, we analyzed the cell 
growth inhibition of the cells with different 
concentrations of IFN-τ at various time points. MTT 
assay was used to monitor proliferation in monolayer 
cultures of replicate cultures of HPV 16-transformed 
cells and also the effect on proliferative of the IFN-τ 
on the cells was similar with the IFN-β. We observed 
that the IFN-β and IFN-τ had a clear antiproliferative 
effect that was dose- and were dose- and time- 
dependent on human and murine HPV 
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16-transformed cells (Figures 1 and 2). The 
BMK-16/myc cell had greater cell growth inhibition 
by both IFNs than the SiHa cells with percentage 
reductions of up 81% and 78% respectively at the 
highest dose (100 ng/mL). However, when 
non-transformed HPV cells (C-33 A, HaCaT and 
WI-38) were treated with both IFNs (100 ng/mL), the 

antiproliferative effect was not similarly to the one 
observed in the HPV 16-transfromed cells 
(Supplementary Figure 1). Cell growth inhibition was 
not as evident as in the SiHa and BMK-16/myc cells. 
The HaCaT and C-33 A cells showed greater cell 
growth inhibition than the WI-38 cells.  

 
Figure 1. IFN-τ ovine inhibits the proliferation in SiHa cells. SiHa cells were cultured with various concentration 12.5 (a), 25 (b), 50 (c) and 100 ng/mL (d) of IFN-τ or IFN-β. After 
the proliferation assays performed with the MTT method and results represent the mean ± SD of three experimental performed in triplicate. The p values were determined by 
mean of ANOVA assay with the software GraphPad Prism (*p<0.05; **p<0.001). 

 
Figure 2. IFN-τ ovine inhibits the proliferation in BMK-16/myc cells. BMK-16/myc cells were cultured with various concentration 12.5 (a), 25 (b), 50 (c) and 100 ng/mL (d) of 
IFN-τ or IFN-β. After the proliferation assays performed with the MTT method and results represent the mean ± SD of three experimental performed in triplicate. The p values 
were determined by mean of ANOVA assay with the software GraphPad Prism (*p<0.05; **p<0.001). 
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IFN-τ down regulates the expression of the 
mRNA of E6 and E7 in SiHa and BMK-16/myc 
cells 

Simultaneously to the antiproliferative effect of 
IFN-τ, we also evaluate the effect of both INFs on the 
expression of HPV E6 and E7 oncogenes in 
BMK-16/myc and SiHa cells. Previously we had 
demonstrated that the BMK-16/myc cell line 
transformed with HPV 16 constitutively expressed 
similar levels of E6/E7 viral oncogenes as human 
cells, such as SiHa cells. The detection of E6 and E7 
oncogenes was done by real time RT-PCR one-step. 
The expression of HPV 16 E6 oncogene in SiHa and 
BMK-16/myc cells is affected by both IFNs, and this 
effect is accentuated on the HPV-transformed murine 
cells, p<0.05 (Figure 3). Similar effects were observed 
for the E7 oncogene, the repression of the mRNA of 
this viral gene was observed at 48 h after treatment 
with IFNs. In both cell lines, we observed reduction in 
the expression of these genes compared to un-treated 
cells, but IFN-τ induces greater repression of both 
HPV 16 oncogenes in BMK-16/myc cells compared to 
SiHa cells, and no differences in repression were 

detected between the oncogenes in BMK-16/myc 
cells.  

IFN-τ induces apoptosis in SiHa and 
BMK-16/myc cells 

In order to analyze the apoptosis activated by 
IFN-τ in malignant cells (SiHa and BMK-16/myc 
cells), the cell was cultured and treated in presence or 
absence with 50 ng both IFNs for 24, 48 and 72 hours, 
then the apoptosis was measure by the activation of 
effector caspases 3/7. These assays revealed that the 
IFN-τ and IFN-β display significant difference in the 
amount of activated caspase 3/7 compared with cell 
no-treated (Figure 4). We observed an increase in the 
apoptosis in SiHa and BMK-16/myc cell by both IFNs 
and were time-dependent. Seventy-two hours after 
the treatment, the cells showed significant activation 
of caspases, inferring cell death by apoptosis. 
Notability, BMK-16/myc cells had greater significant 
induction of apoptosis with the INFs, but the IFN-τ 
presents a slightly increased induction of apoptosis in 
relation with IFN-β. 

 

 
Figure 3. Relative expression levels of the mRNA of HPV oncogenes E6 and E7 in SiHa (a, b) and BMK-16/myc cells (c, d) treated with 50 ng/mL IFN-τ or IFN-β. By quantitative 
real time RT-PCR was detected the HPV 16 E6 and E6 mRNA expression and is presented with a scale of fold change calculated by 2-∆∆Ct, In order to detect significant 
differences among the effect of both interferon’s a student`s t-test was performed (*p<0.05). 
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Figure 4. Concentration dependent caspase 3/7 activity in SiHa and BMK-16/myc cells treated with treated with 50 ng/mL of IFN-τ or IFN-β for 72 hours and then le levels of 
caspase were measured using Caspase-Glo 3/7 Assay. Columns, the means of two experiments; bar, S.D., 0 untreated control. (*) Indicate p<0.05, vs. controls. 

 
Figure 5. Detection of receptor beta (FN-α/βRβ) of type I interferon receptor (IFNAR) by Western blot. Protein isolates of HPV 16-transformed BMK-16/myc (murine) and SiHa 
(human) cell line were electrophoresed on SDS-polyacrylamide gels and transferred on nitrocellulose transfer membranes. After a protein-blocking step, blots were incubated 
with the chicken anti-receptor beta (FN-α/βRβ) of type I IFNAR. After addition of a HRP-conjugated donkey anti-rabitt secondary antibody, bound enzyme was detected with 
Pierce ECL Western Blotting substrate. Arrow- heads indicate the band corresponding to the FN-α/βRβ (55 kDa) and the actin protein (43 kDa) was used as a control. 

 

Detection of protein from interferon 
beta-receptor (IFN-α/βRβ) in SiHa and 
BMK-16/myc cells 

The differences observed in cell growth 
inhibition, repression of HPV 16 E6 and E7 oncogenes 
and activation of apoptosis by the IFNs on human 
cells and murine HPV 16-transformed cells, will be 
explained in part by the abundance of receptor of the 
type I interferon. So, we detected the protein of the 
type I interferon beta-receptor (IFN-α/βRβ) and was 
quantified in each cell line by western blot. We 
observed clear differences between the cell lines; the 
protein was detected and stained intensely in 
BMK-16/myc cells compared to very faint band in 
SiHa cells, indicating that the receptor is present in 

differing amount in these cell lines (Figure 5).  

IFN-τ inhibits tumor growth in vivo  
One week after tumor cell injections of 

BMK-16/myc cells into the back, palpable tumors 
formed in the injection site and around 2 weeks the 
tumor volume was of 20 to 30 mm3. Nine days after 
the injection of IFN-τ (one dose), a significant 
difference in tumor size between the groups (IFN-β, 
PBS and control) was observed (Figure 6). The tumor 
growth was much slower in mice treated with IFN-τ 
than the mice groups treated with IFN-β and controls 
(p>0.05). Eighteen days after the treatment with the 
interferon´s, is evident continues tumor growth in the 
mice group treated with IFN-β and the mice treated 
with IFN-τ remains tumor-free mice (Figure 7). 
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Figure 6. IFN-τ inhibits tumor growth in vivo. Balb/c mice were inoculated with 5X105 BMK-16/myc cells subcutaneously into the back. Tumor growth was monitored with a 
digital caliper. Mice were treated with 100 ng of IFN-τ and IFN-β administered intra-tumorally after tumor implantation (tumor volume of 20 to 30 mm3). The average tumor size 
was compared with of the treated and non-treated tumor. Each tumor model included n=5 mice. Error bars indicate SD. Statistically significant differences indicated by asterisks). 

 

 
Figure 7. Antitumor activity of IFN-τ in a tumor model of immunocompetent mice HPV 16-positive. Tumor-bearing mice were treated with IFN-τ, IFN-β (100 ng one dose) and 
control. At the beginning of treatment, the tumor was well developed and growing rapidly, and six days after the treatment with IFN-τ, the tumor began to decrease, and by day 
10 only a stain on the epithelial tissue was visible in some mice, which gradually disappeared. Whereas tumor-bearing mice treated with IFN-β, only partial tumor reduction was 
observed.  

 

Discussion 
IFN-α, IFN-β and IFN-γ are widely recognized 

for their antiviral and antiproliferative effects, and 
these properties have been exploited through their 
clinical application in the treatment of viral infections 
or malignant diseases19,20. However, these cytokines 
have dose-dependent toxicity, which limits their 
range of application in various diseases. 
Consequently, other classes of IFNs have garnered 
attention due to their therapeutic potential and 
comparatively lower cytotoxicity at high doses. IFN-τ 
is a promising alternative antiviral and 

immunotherapeutic agent in a wide variety of 
diseases including infectious, neurodegenerative, 
autoimmune and cancer. We are particularly 
interested in the treatment of viral agents associated 
with cancer, such as HPV and cervical cancer and 
investigate the application of IFN-τ, which may be an 
attractive candidate to replace IFN-β, another type I 
interferon, in HPV and other diseases. Therefore we 
characterized the repression of HPV oncogenes 
(E6/E7) and antiproliferative effects of bovine IFN-τ 
in HPV 16-transformed cell lines in vitro, to further 
evaluate IFN-τ´s antitumoral and immunoregulatory 
propperties on an experimental HPV 16-positive 
mouse tumor model.  
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Our major finding was that bovine IFN-τ has 
antiproliferative effects on HPV 16-transformed 
human and murine cells similar to classical type I 
IFNs like IFN-β. The effects were dose- and time- 
dependent and the BMK-16/myc cell line had greater 
inhibition of cell growth inhibition by both IFNs than 
did SiHa cells. In addition, the SiHa and BMK-16/myc 
cell lines treated with bovine IFN-τ and human IFN-β, 
exhibited reduced expression of HPV oncogenes E6 
and E7. However, greater repression of the viral 
oncogenes was detected in the BMK-16/myc cells and 
IFN-τ had greater effects in these cells. These results 
are consistent with other studies, which have 
demonstrated that type I IFNs have a cytostatic effect 
and induce down regulation of HPV oncogene 
expression in cell lines derived from cervical cancer 
and other malignancies21-24. Investigators have 
suggested that there are differences in the different 
cervical carcinoma cell lines, all of which contain 
integrated HPV but which have distinct biological 
responses to IFNs. In our investigation, we found 
differences in inhibition of cell proliferation and viral 
gene down regulation by IFN-τ and IFN-β between 
the effect of the in the human and murine epithelial 
cell lines, despite the fact that both cell lines are 
transformed with the same HPV type (HPV 16). This 
effect could be the result of the human and bovine 
origin of both IFNs and their different effects on the 
human and murine cells. However, the differences 
could be explained in part by the presence and 
abundance of the IFNAR in each cell line. We 
analyzed the type I interferon receptor beta 
(FN-α/βRβ) by western blot in BMK-16/myc and 
SiHa cells and detected differences between the cells 
lines with the murine cells showing higher levels of 
receptor compared to the human cells. This could 
account for the BMK-16/myc cells being more 
sensitive to the action of IFNs and particularity IFN-τ. 
However, we cannot rule out that the IFN-τ uses other 
non-classical pathway or binds different receptors 
with different effects, as has been speculated in the 
cases of IFN-α 25. Furthermore, the mechanisms 
associated to the effects of the IFNs may be different 
in each cell line and it may dependent on the 
transformed condition of the cells. When we 
evaluated IFN-τ and IFN-β on HPV-negatives cells 
lines, HaCaT and C-33 A (transformed-human 
epithelial cells) and WI-38 (non-transformed human 
fibroblast cells), we detected cell growth inhibition, 
but not the same as the one observed in HPV-16 
transformed cells (without significant differences 
between both IFNs); the WI 38 cells showed a lower 
antiproliferative effect. These results are interesting 
when compared with those observed in HPV 16 
transformed epithelial cells (SiHa and BMK-16/myc). 

The antiproliferative effects shown by the IFNs are 
greater, this is because they repress the expression of 
E6/E7-oncogenes, and this event is related to the 
inhibition of cell growth26. The restoration of the 
normal levels of tumor suppressor proteins p53 and 
pRb after repression of the E6 and E7 oncogenes by 
the IFNs on SiHa and BMK-16/myc is linked to the 
apoptosis and the suppression of cellular 
proliferation.  

On the other hand, in our tumor model of 
immunocompetent mice HPV 16-positive, tumor 
protection was obtained six and eight days after the 
administration of a single dose of IFN-τ. It is possible 
that the antitumor effect is also associated to the 
immunoregulatory properties of IFN-τ in vitro, which 
involves the activation of macrophages 27, the 

induction of the stimulates granulocyte-macrophage 
colony-stimulating factor (GMC-CSF)28 and the MX 
gene expression in peripheral blood mononuclear 
cells (PBMC)29. Also, stimulates 
interferon-gamma-inducible protein 10 kDa (IP10)30, 
ISGs (IRF1, ISG15)8, OAS8 and MHC class I10. Some of 
these proteins could be involved in inhibition of 
angiogenesis and could inhibit tumor growth by 
blocking tumor vascularization linked to the 
activation of the immune response. The IP10 protein 
has the ability to chemo-attract tumor-specific T-cells 
to the tumor site and also to promote the proliferation 
of these recruited T-cells leading to the tumor 
regression evaluated in a 4T1-implanted Balb/c 
mouse model (breast cancer model)31. However, 
perhaps the best immunoregulatory property of IFN-τ 
associated with anti-tumoral effect in vivo is that the 
IFN-τ it is a potent activator of GM-CSF. Peripheral 
blood leukocytes stimulated with IFN-τ produced 
1000 times more GM-CSF than endothelial cells 28. It is 
quite possible that IFN-τ favors the activation of T 
cells (CD4+ and CD8+ cells) and that this is related to 
its antitumor effect. GM-CSF has been proved in 
clinical therapy in refractory recurrent breast and 
female genital tract carcinoma and the leukocytes 
seem to be a predictor of response.32 GM-CSF is a 
powerful cytokine that plays a crucial role in the 
generation of antigen-presenting cells and 
mononuclear precursors both ex vivo and in vivo 33,34. 
The local or systemic administration of GM-CSF alone 
or in combination with interferons also increases the 
dendritic cell to the antigen-presenting to establish an 
intrinsic cellular immunologic response against 
autologous tumor cell 33-35. Additionally, the 
antitumor action of IFN-τ has only been observed in a 
myeloma tumor model. The RM4/IFN-τ fusion causes 
tumor regression, which is mediated by activation of 
the CD8+ cytotoxic lymphocytes 37. Thus, the 
antitumor effects of IFN-τ in vivo can be explained, at 
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least partly, by the repression of the E6 and E7 
oncogenes, the inhibition of cell growth and the 
induction of apoptosis of BMK-16/myc cells, all of 
which suggests that it played an important role in the 
suppression of tumor growth in our experimental 
tumor model. The contribution of our data is the 
antitumor effect of IFN-τ on an HPV 16-positive 
experimental tumor in vivo in immunocompetent mice 
inoculated with the BMK-16/myc cell line (see 
Materials and Methods). However, further studies are 
needed to elucidate the mechanism involved in the 
immunoregulatory properties of IFN-τ associated 
with its antitumor effect in vivo.  

In summary, our results demonstrate the 
repression of HPV oncogenes oncogenes (E6/E7) and 
antiproliferative effect of IFN-τ on human and murine 
cells transformed with HPV 16, as well as, the 
presence of the type I interferon receptor beta. 
Furthermore, the IFN-τ has antiviral and 
antiproliferative effects on SiHa cells comparable to 
IFN-β. We also demonstrated the antitumor effect of 
IFN-τ in a tumor model of HPV 16-positive 
immunocompetent mice, making IFN-τ a promising 
and less cytotoxic alternative to classical type I IFNs 
for treatment of cervical cancer associated with HPV 
infection. Further research is necessary to clarify the 
mechanism by which IFN-τ exerts these effects on 
cells, including investigation of type I interferon 
receptor activation and signal transduction. It will 
also be necessary to demonstrate IFN-τ´s 
immunomudulatory effects in vivo, and efficacy in 
animal models and ultimately in clinical trials. 

Conclusions 
The present study establishes the 

antiproliferative effect and repression of human 
papillomavirus (HPV) oncogenes (E6/E7) of bovine 
IFN-τ on human (SiHa) and murine (BMK-16/myc) 
cells transformed with HPV 16. The antiproliferative 
effect and repressor of viral oncogenes by IFN-τ was 
time-and dose-dependent, and IFN-τ induces greater 
effect in BMK-16/myc cells compared to SiHa cells. 
The differences were associated by the abundance of 
the IFNAR in the BMK-16/myc cells compared to the 
SiHa cells. We also demonstrated the antitumor effect 
of IFN-τ in a tumor model of HPV 16-positive 
immunocompetent mice. In conclusions, our results 
demonstrate that bovine IFN-τ is a cytokine may be a 
good candidate for immunotherapy against cervical 
cancer.  
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Supplementary figure 1.  
http://www.jcancer.org/v07p2231s1.pdf  
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