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Gene expression profile in cervical carcinoma cells treated with HeberFERON.
Perfil de expresión génica en células de carcinoma cervical tratadas con HeberFERON.
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Introduction
Interferons (IFN-α, -β, -λ and -γ) are a multigene family 

of cytokines that possess a wide range of biological functions 
including antiviral, anti-proliferative, pro-apoptotic, anti-an-
giogenesis, anti-fibrotic, neuromodulators and other effects1,2, 
through activation of related pathways3. These pathways in-
volve specific IFN type I and type II receptors, which initiate ac-
tivation through JAK-STAT cascades. Type I IFNs interact with 
the IFNα/β receptor (IFNAR) subunits composed by IFNAR1 
and IFNAR2 associated with tyrosine kinase 2 (TYK2) and 
Janus kinase 1 (JAK1); while IFN-γ binds to the IFN-γ receptor 
(IFNGR) receptor subunits composed by IFNGR1 and IFNGR2 
associated with JAK1 and JAK24.

Thus, IFNs induce the expression of hundreds of IFN-re-
gulated genes (IRGs) via the JAK-STAT pathway5. Some of 
IRGs are regulated by both types of IFNs, whereas others are 
selectively induced by distinct IFNs through drastic changes 
in genomic binding locations in a manner dependent on the 
com binational involvement of STAT1 and STAT26. Depending 

of doses, treatment time and other factors, IFN-α and IFN-γ 
signaling may interfere or potentiate each other7. Contempo-
rary studies as ChIP-chip analysis of STAT1 and STAT2 tar-
gets coupled to quantitative gene-specific PCR (ChIP-qPCR), 
screening of DNA microarrays or tiling arrays (ChIP-chip), or 
high-throughput DNA sequencing (ChIP-seq) methods have 
permitted a more comprehensible picture of how the complex 
machinery composed by transcription factors, transcriptional 
co-regulators, histone modifiers, and other players is working 
for the regulation of IFN target genes4.

HeberFERON is a co-formulation of IFN-α2b and IFN-γ, 
with improved pharmacodynamics properties8 that has de-
monstrated better results than the individual IFNs in the treat-
ment of basocellular and spinocellular carcinomas9, 10. In an 
attempt to evaluate the gene expression pattern promoted by 
HeberFERON and potential distinctive regulation of the com-
bination with respect to separated IFNs, we performed a SSH 
experiment11 linked to qPCR in HEp-2 cell line, representing 
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cervical carcinoma tissue. The understanding of the biologi-
cal effects that distinguish HeberFERON from their individual 
components will aid to the optimal clinical application of this 
formulation in the future.

Materials and methods

Biological Reagents
Recombinant (r) interferons, rIFN-a2b and rIFN-g, and the 

pharmaceutical co-formulation of both rIFN-a2b and rIFN-g, 
HeberFERON, were produced at CIGB, Havana, Cuba.

Cell treatment for suppression subtractive hybridization 
(SSH) experiment

HEp-2 (ATCC-CCL23) cell line, (human cervix carcinoma), 
was grown in MEM-CANE (Gibco, USA) containing gentamycin 
(50 mg/mL) (Gibco, USA) and 10% fetal bovine serum (FBS) 
(Gibco, USA). Cells were seeded into 75cm2 dishes at 3-4 x104 
cells/ mL in culture medium containing 10% FBS, incubated 
at 37 oC and 5% of CO2. Twenty four hours later, the medium 
of the treatment groups were refreshed with rIFN-α2b (75 IU/
ml), rIFN-g (5 IU/ml) or HeberFERON while the control cells 
received only cell culture medium with antibiotic and serum. 
Cells were incubated for another 72h.

Construction of SSH library
Total RNA was extracted from cells by TriReagent pro-

cedure (Sigma, USA) and DNase I treatment (Promega, USA). 
First-strand cDNA synthesis was carried out following Super-
Script II reverse transcriptase Invitrogen kit instructions (Invi-
trogen, USA) from 5μg of total RNA. The second strand cDNA 
synthesis (dscDNA) was carried out from the first strand and a 
mixture with DNA polymerase I, RNase H and dNTPs (Prome-
ga, USA) at 14 ºC overnight. The dscDNA from HeberFERON 
-treated (population 1) and [IFN-α2b + IFN-γ]-treated (popula-
tion 2) HEp-2 cells were used as tester and driver, respectively, 
in a first hybridization (SSH1) and they were exchanged in a 
second hybridization (SSH2) to obtain both genes upregulated 
and downregulated. Subtracted cDNA libraries were construc-
ted using Clontech PCR-Select cDNA subtraction kit (Clontech 
Laboratories, USA), following the manufacturers protocol. The 
subtracted tester dscDNA was amplified in suppression and 
nested PCR to enrich only the “differential population”. The 
nested PCR products from libraries SSH1 and SSH2 were li-
gated into pGEM T-Easy Vector (Promega, USA), transformed 
into DH10B E. coli cells and screened on LB plates containing 
ampicillin/X-gal/IPTG at standard concentrations. More than 
3000 white colonies were obtained. Plasmids from selected 
clones were purified using a Qiagen plasmid mini kit (Qiagen, 
USA).

EST sequencing and bioinformatics analysis
About 300 clones were sequenced using an automated 

sequencer (Macrogen, Korea) and submitted to GenBank for 
homology analysis. Nucleic acid homology searches were 
performed using the BLAST program (National Institutes of 
Health, Bethesda, Md.). DAVID and GeneCodis were used for 
Gene Annotation and Functional clustering analysis12, 13. Web 
sites for IFNs, INTERFEROME V1.0 and V2.01 were consulted 
to find genes described as IRGs in our list (http://interferome.
its.monash.edu.au/interferome/home.jspx and https://interfe-
rome-v1.erc.monash.edu.au) (October 22, 2018)14, 15.

Quantitative PCR validation
We validated gene expression differences among treat-

ment conditions for a subset of transcripts derived from SSH 
by qPCR as described16. The design included two biological 
replicates of untreated, IFN-α2b- treated, IFN-γ- treated and 
HeberFERON - treated cell samples; two replicates of cDNA 
reactions (from 1μg of total RNA) from each and three tech-
nical replicates. As a result, we had 12 data per sample per 
gene. Primers are listed in Table 1S (Supplemental Materials). 
Statistically significant results were considered for p<0.05 af-
ter reference gene normalization.

Results

Identification of differentially expressed genes after 
HeberFERON treatment in HEp-2 cells

From 288 clones sequenced, 215 clones were found to be 
highly homologous (92%-100%, E value near 0) with 36 known 
genes. High numbers of hits were obtained for 18S and 28S 
ribosomal RNAs (rRNA); four genes had more than 10 hits 
(RHOA, RPS21, C19orf42, and RAB7L1). Other 30 genes were 
also identified (Table 1).

Using DAVID and GeneCodis we annotated genes in rela-
tion to biological process, molecular function and cell com-
partment and obtained functional clusters (Table 2). The 
identified genes code for: structural proteins constituent of 
ribosome (RPL4, 7, 10A, 24, RPS3A, 16, 19, 21 and 27A); pro-
teins participating in protein synthesis (EIF4A3, EEF1A1), in 
regulation of actin cytoskeleton (ACTG1, ACTB, RHOA) and 
in antigen processing and presentation and immune response 
(B2M, HLA-C, HLA-B, HSPD1, HSPA5, HSP90AB1).

Cross-referencing the gene list (Table 1) with the INTER-
FEROME V1.0 and V2.01 databases14, 15 highlighted C2orf50 
gene as the only one that had not been reported as IFN res-
ponse gene in humans.

We selected transcripts from coding genes participating 
in the main biological processes for validation by qPCR in the 
HEp-2 cells untreated or treated with individual IFNs or Heber-
FERON. As described before16, GAPDH and HMBS genes were 
the least variable and were used for qPCR normalization. Table 
3 shows the factor of change for each gene in each experimen-
tal condition (treatment with IFN-α2b, IFN-γ or HeberFERON) 
respect to the untreated control after normalization with the 
two reference genes.

Using RT-qPCR fourteen genes were validated as Heber-
FERON response genes (Table 3). B2M and ACTB genes were 
up-regulated by IFN-α2b, IFN-γ and HeberFERON, confirming 
they are IRGs as it has been reported before5, 17-19.

In the cases of a group of 18SrRNA, 28SrRNA, EIF4A3, 
EEF1A1, RPL10A, RPS3A, and RPS19 genes, non-static signifi-
cant differences were detect for HeberFERON gene expression 
regulation (see Table 3). Conversely, both IFNs up-regulated 
18SrRNA and EIF4A3 gene expressions; while RPL10A, 28SrR-
NA, RPS3A and RPS19 genes were upregulated solely by IFN-
α2b or IFN-γ. EEF1A1 gene was the only gene down-regulated 
by the treatment with IFN-γ. This gene regulation behavior is 
an evidence of a differential gene expression pattern of Heber-
FERON with respect to separated IFNs. Another differential 
gene signature was detected for RPL4 and RPS21 or RHOA 
genes that were solely down-regulated or up-regulated, res-
pectively, by HeberFERON. A more intriguing gene regulation 
pattern was observed for RPL7 and RPS27A genes. In both 
cases, the separated IFNs (IFN-α2b, no effect; IFN-γ up-regula-
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tion) and HeberFERON (down-regulation) promoted different 
regulation pattern.

The carefully observation of these transcriptional signa-
tures identified potential antagonistic or synergistic effect of 
HeberFERON.

Antagonism between IFN-α2b and IFN-γ is expected for 
those genes where each IFN regulates the gene differently. 
These are the cases of: 28SrRNA, EEF1A1, RPL7, RPL10A, 
RPS3A, RPS19 and RPS27A genes. Another kind of antago-
nist was observed where both IFNs up-regulated the gene ex-
pression but HeberFERON, unexpectedly, had no effect on the 
mRNA expression of these genes. We have the cases of 18SrR-
NA and EIF4A3F as examples. Additionally, a clear antagonist 
effect between IFNα-2b and IFN-γ is observed for the regula-
tion of RPL4 and RPS21 genes, where separately IFNs had no 
effect on regulation, while HeberFERON down-regulated the 
expression of both genes.

Additive or synergistic effect of the combination of both 
IFNs could be the cause of the significant increase in gene ex-
pression of RHOA gene by HeberFERON.

Discussion
A subtractive hybridization assays experiment was ca-

rried out in HEp-2 cell line with sensitivity to growth arrest by 
IFN-γ20, IFN-α21 and their co-formulation as HeberFERON10. In 
this study, we used this cell line as a model to firstly unders-
tand what distinguish HeberFERON from individual IFNs ac-
tions, at the transcript level.  

As it has been reported in previous microarrays studies5, 

17-19 and compiled in IFN Databases INTERFEROME V1.014, 22 
and V2.0115, we identified HeberFERON differentially expres-
sed genes encoding proteins that participate in Antigen pro-
cessing and presentation and Immune Response (B2M, HLA-C, 
HLA-B, HSPD1, HSPA5, HSP90AB1), Cytoskeleton regulation 
(ACTB, ACTG1, RHOA) and a high proportion in protein trans-
lation (RPL10A, RPL24, RPL4, RPL7, RPS16, RPS19, RPS21, 
RPS27A, RPS3A, EEF1A1 and EIF4A3). High percentage of hits 
was for rRNAs 18S and 28S.

IFN Database INTERFEROME V1.014, 22 shows 69% of the 
IFN-g–regulated genes are also induced by type I IFNs. In com-
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Table 1S. Genes evaluated and Primers information. A summary of the Gene symbols and GenBank Number (No), Sequences 
for both oligonucleotides (5´…3´; Forward:F and Reverse: R) and intron spanning characteristic are provided.
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parison to type I IFNs used alone, the addition of type II IFN 
caused enhanced expression not only of many of the genes co-
rrelated with the direct antiviral state but also of genes invol-
ved in Antigen Presentation to cytotoxic T lymphocytes (CTLs) 
and Apoptosis22.

SSH confirmed 36 differentially expressed genes from 
215 sequenced clones, representing a 17%, in consistence with 
previous publications where the number of genes obtained by 
SSH represents less than 25% of the number of sequenced 
clones23, 24.

The differences in gene regulation after 72 hour of incuba-
tion time with IFNs could explain, at least in part, the differen-
tial gene expression patterns detected. A recent study exami-

ning gene expression in human cervical cancer cell line found 
that although IFN-α and IFN-β induced comparable levels of 
transcription at early time points, IFN-α induced transcription 
declined after 8 hours25. This decrease was associated with the 
expression of the IFN stimulated gene USP18 (UBP43), which 
interacts with the IFNAR2 and inhibits signaling through JAK1 
26. Moreover, treatment with IFN-γ for 72 hours markedly in-
hibits IFN-α-activated STAT1, STAT2 and STAT3; whereas a 24 
hours’ treatment with IFN-γ slightly enhanced IFN-α-activated 
STAT14.

HeberFERON antagonizes the effect of IFN-α2b and IFN-γ 
on the expression of 18SrRNA,  EIF4A3 (helicase that promo-
tes tumorigenesis27), RPL4 (inhibitor of  normal physiological 
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Table 1. Homology analysis results of positive clones with Gen-Bank database. GenBank Accession Number, Gene Description, 
Gene ID and Name are provided. Number (No) of hits for each gene is also included.
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levels of p5328), RPL7 (associated with an increased risk fac-
tor at early stages of colon recto carcinoma development29),  
RPS27A (promotor of proliferation, cell cycle progression and 
inhibitor of  apoptosis in solid tumors, advanced-phase chronic 
myeloid leukemia (CML) and acute leukemia (AL) patients30, 

31),  and RPS21 (its reduction is coupled to antitumor effect of 
ruthenium compound32).  Anti-cancer effect of HeberFERON 
at blocking translation would be more effective when multiple 
intervening factors can be inhibited in combination.

Antagonism between IFN-α and IFN-γ has been reported 
by several authors. The antagonism could involve regulation of 
IFN receptor expression, as observed by Rayamajhi et al, when 
IFN type I reduced the expression of IFNGR1 in macrophages 
infected with L. Monocytogenes, with the corresponding su-
ppression of host responsiveness to IFN-γ33. In macrophages, 
interferon consensus sequence binding protein (ICSBP) mRNA 
and protein are strongly induced by IFN-γ, but only marginally 
by IFN type I. When both IFNs are present, IFN type I antagoni-
zes IFN-γ-induced ICSBP mRNA and protein synthesis34.

Regulation of phosphorylation of transcriptional factors in-
volved in IFN type I and type II signaling could also explain the 
antagonism observed for HeberFERON with respect to separa-
ted IFNs. For example, overexpression of protein tyrosine phos-
phatase Shp1 in endothelial cells abrogated IFN type I signaling 
through a GAS site, suggesting a role of level of Shp1 on the 
interference between IFN types I and II signaling pathways35.

The increased gene expression of RHOA stimulated by 

HeberFERON could indicate an additive or synergic effect. 
IFN-α36 and IFN-γ37 have been involved in the reorganization of 
the cell cytoskeleton through RHOA, with impact in the cell 
growth. The upregulation of RHOA by HeberFERON could be 
beneficiated from the described crosstalk between both type 
of IFNs38 and the further regulated expression of STAT1 via 
c-Jun-mediated production of basal levels of IFN-β39. In this 
context, we could remark the facts that STAT1 and the stimu-
lation of c-Jun expression could be involved in the regulation 
of RHOA gene expression39, 40.

The diverse mode of gene regulation revealed in this work 
by the combination of IFN-α2b and IFN-γ (HeberFERON), is 
congruent with the recent study of the ENCODE project per-
formed on genomic binding sites suggesting that transcription 
factors often show different co-association patterns in binding 
sites, and the binding of one transcriptional factor affects the 
preferred bind ing partners of others41. Furthermore, efficient 
transcriptional activation of STAT1 target genes requires pos-
ttranslational modification of STAT1 and the recruitment of 
coactivators and histone and chromatin modifying complexes4.

As part of this work we obtained the gene C2orf50 regu-
lated by individual IFNs or their combination that was not pre-
viously described as IRGs in humans14, 15. This gene is poorly 
characterized [https://www.uniprot.org/uniprot/Q96LR7] and 
the understanding of their participation in the mechanism of ac-
tion of HeberFERON could be an interesting point in the future.

In spite of our study examined only a small number of 
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Table 2A. Gene Annotation Clustering by DAVID. Each annotation cluster has an Enrichment Score associated, a Category and 
Term from the Databases consulted, a list of Genes included in categories and the p value associated. 

Table 2B. Gene Annotation Clustering by GeneCodis. Each Biological Process included a Number and list of Genes. P values 
were obtained through Hypergeometric analysis corrected by FDR method, showing the significance of each process (Hyp_c).
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IRGs, it suggests that compared with transcriptional patterns 
of separated IFNs, HeberFERON induces a unique transcrip-
tional signature after 72 hour of cell treatment. The meaning 
of this new signature should be taken into account for clinical 
translation.
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