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INTRODUCTION
Interferon family represents a widely expressed group of cytokines. 
It includes three main classes, designated as type I Interferons 
(IFNs), type II IFN and type III IFNs. The two main type I IFNs 
includes IFN-α (further classified into 13 different subtypes such 
as HuIFN(-α1, -α2, -α4, -α5, -α6, -α7, -α8, -α10, -α13, -α14, -α16, 
-α17 and -α21)), and IFN-β. Human Interferon-α (HuIFN-αN3) 
is a pleiotropic complex molecule composed from several natur-
al subtypes. Until now, eight “major” subtypes designated as 1-8 
and seven “minor” subtypes designated as a-g were recognized. 
They show antiviral, pro- or anti-inflammatory (Platanias L, 2005; 
Billiau A, 2006), antiproliferative, immune-modulatory and anti-
tumor activity in vitro and in some cases also in vivo (Mecs I, 1986; 
Shirono H, et al., 1990). Increasing evidence was accumulated that 
Human Interferon alfa (HuIFN-αN3) can inhibit the growth of 
both normal and malignant cells (Billiau A, 1984; Borecký L, 1986; 
Taylor JL and Grossberg SE, 1998). The cell growth inhibitory ac-
tivity was observed with Human IFN preparations ranging from 
crude Buffy-coat derived extracts to purified HuIFN-αN3 prepar-
ations (Fish EN, et al., 1983; Ito M, Buffett RF, 1980; Viscomi GC, 
et al., 1995) and with various HuIFN-αN3 preparations (Fuchs-
berger N, et al., 1993; Lidin B and Lamon EW, 1992). It was found 
that this antiproliferative (AP) activity is closely associated with 

IFN molecule per se because the purified HuIFN-αN3 possesses 
the ability to inhibit the cell growth to a degree similar to that of 
crude IFN. Variations in the cell growth inhibitory effects are seen 
with different HuIFN-αN3 preparations as well as with the differ-
ent target cells employed (Overall ML, et al., 1992; Ravine TJ and 
Ledinko N, 1986). Cloning of genes for HuIFN-αN3 has revealed 
the existence of the family of HuIF-αN3 subtypes (Goeddel DV, 
et al., 1981; Nagata S, et al., 1980). The various subtypes show the 
distinct antiviral activities with different potency against several 
viruses in a range of mammalian cell lines (Todt D, et al., 2016). 
The same antiproliferative activity against human cells was dem-
onstrated for two subtypes, IFN-α A and D (HuIFNα-2 and HuIF-
Nα-1). The C-terminal part of HuIFNα-2 molecule contributes to 
the antiproliferative activity possesses by IFN, N- and C-terminal 
part together contribute into IFN’s antiviral activity. However, to 
date the purified subtypes generally shows the antiproliferative 
activity lower than that of Buffy coat HuIFN-αN3 preparations, 
which are the mixtures of various natural subtypes (Harper MS, et 
al., 2015; Slimmer S, et al., 1981; Lavoie TB, et al., 2011). Among 
the other activities, the cytotoxicity in vitro of HuIFN-αN3 and 
its subtypes should be mentioned (Fent K and Zbinden G, 1987; 
Ito M and Buffett RF, 1981). In this respect the nephro toxicity by 
renal injury indicated by the rise in urinary protein excretion can 
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or Human amnion cells line (FL) cells shows, that the 
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with 78.1, 1 with 312.5, 2 with 625, 3 with 0, 4 with 
1.250, 5 with 0, 6 with 2.500, 7 with 625 and 8 with 
0. When different HuIFN-αN3’s were tested, this from 
IMZ (Zagreb, Croatia) and SAV (Bratislava, Slovakia) 
has 156.2. HuIFN-αN3 from EGIS, (Budapest, Hungary) 
has 312.5, HuIFN-γ has 156.2, rHuIFN-α1 (recombinant 
Interferon's) has 2500 and rHuIFN-α2 has 5000. The 
results show, that all of the subtypes (a-g, 1-8) can 
be neutralized with the polyclonal anti-IFN-αN3. The 
values of NI were in the range from: -1.15 till -2.21. It 
can be concluded that this is the picture of different 
natural subtypes’ content in both preparations from 
EGIS or IMZ because of different technology. EGIS 
use concentrated purified preparation, while IMZ use 
concentrated non purified one. 

Keywords: Human Interferon alfa, Natural subtypes, 
Antiproliferative activity, Cytocidal activity, Chroma-
tofocusing, Reverse Phase High Performance Liquid 
Chromatography (RP-HPLC) analysis

*Correspondence: Bratko Filipic, Department of Ex-
perimental and Translation Oncology, CIETO (Croatian 
Institute for Experimental and Translation Oncology), 
Zagreb, Croatia, E-mail: Bratko.Filipic@gmail.com 

E-ISSN 0976-2779 P-ISSN 0975-8453 / DOI: 10.31858/0975-8453.13.58.531-538

Vol 13, Issue 08 July Aug, 2022

Article History:                            Submitted: 01.07.2022                           Accepted: 25.07.2022                            Published: 01.08.2022



Systematic Review Pharmacy 

Filipič B: Determining of the Human Interferon-Alfa and its Natural Subtypes' Pro- or Anti-Inflammatory, Antiproliferative and 
Cytocidal Activity In Vitro

 532

be seen. In some cases, during the treatment also a nephritic syndrome 
could be found. Some of these side effects can be caused by one or more 
cytokines, HuIFN-αN3 or its isolated natural subtypes.
The present work was aimed to detect, analyze and compare the natural 
subtypes composition of HuIFN-αN3 originated from EGIS (Budapest, 
Hungary) or IMZ (Zagreb, Croatia), and to measure theirs pro or an-
ti-inflammatory activity, antiproliferative and cytocidal activity in vitro.

MATERIALS AND METHODS
Materials
Interferon: In the performed experiments, the following Human Inter-
feron’s were used: (i) Natural leukocyte Sendai virus induced HuIFN-αN3 
(EGIS, Budapest, Hungary; IMZ, Zagreb, Croatia; Slovak Academy of Sci-
ences (SAV), Bratislava, Slovakia); HuIFN-αβ (Welcome-Glaxo, England) 
with the specific activity of 105-107 IU/mg of proteins; (ii) Isolated and par-
tially purified HuIFN-αN3 subtypes a, (1-8) (Institute of Biotechnology, 
JATE-University of Szeged, Szeged, Hungary) with the specific activity of 
106-107 IU/ml; (iii) Recombinant Interferon’s: rHuIFN-α1(recombinant 
Interferon's) (Protein, Moscow, Russia), rHuIFN-α2 (Schering, USA) with 
the specific activity of 106-108 IU/ml. All of the Interferon’s were used in the 
initial concentration of 1.000.000 IU/ml.
Antisera: Antiserums containing polyclonal antibodies to HuIFN-αN3 
(Rabbit-Anti-HuIFN-αN3, Sigma, St.Luis, USA) were used during the 
experiments. The monoclonal antibodies against rHuIFN-α1, rHuIFN-α2 
and against acidolabile IFN were obtained from Institute of Virology, Slo-
vak Academy of Sciences, Bratislava, Slovakia). Monoclonal antibodies 
against HuIFN-γ were from Beringer, Mannheim, Germany. Monoclonal 
antibodies against PoIFN-γ (Procine Interferon-γ) were from Dr. Claude 
LaBonnardiere (INRA-VIM, Jouy-en-Josas, Cedex, France).
Cell cultures: The Adult pig kidney cell line (PLA) and Human Embry-
onic Fibroblasts (HEF) were prepared on the Virological department at 
the Institute of Microbiology and Immunology, Medical Faculty in Ljub-
ljana, Slovenia (Malaise EP, et al., 1985). The transformed Human amnion 
cells line (FL) and its no transformed counterpart (WISH) were obtained 
from the Institute of Biotechnology, JATE-University of Szeged, Szeged, 
Hungary. Bovine Kidney cell line (MDBK) was obtained from Dr. Claude 
LaBonnardiere, INRA-VIM, Youy-en-Josas, Paris-Cedex, France. All the 
cells were grown in Eagle's medium supplemented with 10% of FCS (Fetal 
Calf Serum) (Sigma, St. Luis, USA) and antibiotics (Penicillin, Strepto-
mycin, Gentamycin) (Sigma-Aldrich, EU).
Vesicular Stomatitis Virus (VSV): The Vesicular Stomatitis Virus (VSV) 
(serotype Indiana) was multiplied and purified by the method developed 
by Prevec L and Whitmore GF (Prevec L and Whitmore GF, 1963). The 
mouse L cells in Minimal Essential Medium (MEM)+5% FCS were cul-
tivated to get the monolayer. After, the cells were infected with 2 ml of 
stock VSV virus (approximately 108 PFU/ml) diluted 1:1 with MEM. The 
infected monolayers were incubated at 37°C in a 5% CO2 for 0.5 hours to 
allow VSV adsorption. The infected cultures were incubated for a 12-16 
hours. At this time there was pronounced cell destruction and the virus ti-
ter in the supernatant was approximately 2  108 PFU/ml. The virus plaque 
assay was used to measure the Plaque-Forming Unit (PFU). Briefly, 0.1 ml 
of a virus suspension, was adsorbed for 30 minutes on a monolayer of L 
cells, after which 10 ml of overlay medium, consisting of medium MEM 
plus 2% FCS together with 0.9% washed agar was added. After 36 hours, 
3 ml of a solution of neutral red in medium MEM (1/20,000) (W/V) was 
added to the overlay and the plaques were counted 10 hours later. The 
VSV purification procedure was as follows: 14 hours after virus infection, 
the supernatant of infected L cell monolayer were pooled and spun at 600 
g for 15 minutes to remove large cell particles. The supernatants were 
centrifuged at 37,000 g for 2 hours to sediment the virus. The pellet was 
resuspended in Phosphate Buffer Saline (PBS) containing 0.1 mg of both 

ribonuclease and deoxyribonuclease, and the suspension was incubated at 
37°C for 1.5 hours. The virus suspension was then sediment by centrifuga-
tion at 50,000 g for 30 minutes. The final virus pellet was resuspended in 
PBS and stored at -80°C.

Methods
Antiviral assay of HuIFN-αN3: The antiviral assay of HuIFN-αN3 was 
performed by the method developed by Voigt E, et al. (Voigt E, et al. 2013). 
The WISH cells were seeded into 96-well micro-titer plates at a density of 
2.5 × 105 cells/ml and cultured for 24 h before antiviral treatment. Inter-
feron was diluted serially 1:2 in Roswell Park Memorial Institute (RPMI) 
media supplemented with 2% FBS to final concentrations of 1:512 IU/
ml to 0.5 U/ml. Culture media was vacuum aspirated from 96-well plates 
with confluent cell minelayers, 67 μl/well of antiviral dilution or control 
media was added, and plates were again incubated under culture condi-
tions for 24 hours. After 24-hour incubation, cells were challenged with 
VSV virus in 30 μl RPMI media+2% FBS per well added to the antiviral 
dilution for a final Multiplicity of Infection (MOI) of 5.0 Pfu/cell. In the 
standard antiviral assay with VSV infection, the infection was allowed to 
progress until cytopathic effects were readily apparent in unprotected con-
trol cells (16-28 hours post infection, as indicated). The cell medium was 
discarded, and cells were fixed with a solution of 4% para formaldehyde 
(w/v) and 5% sucrose (w/v) in PBS for 20 minutes. The cells were rinsed 
twice with PBS and stained with crystal violet (0.1% w/v) in 20% ethanol 
overnight. Crystal violet staining was measured with a Synergy H4 hybrid 
multi-mode micro-plate reader (BioTek, USA) reading absorbance at 570 
nm, and scanned using a desktop scanner to obtain reference images. The 
IC50 value calculations for each dilution series were found by linear least-
squares regression through the three data points in the linear range of the 
dose-response curves closest to half-maximum intensity. Subsequent in-
terpolation determined the standard Interferon dilution corresponding to 
a 50% decrease in signal above background with respect to the positive (in-
fected, untreated) and negative (uninfected, untreated) control wells. The 
limit of detection was defined as the minimum interferon concentration 
that resulted in an IC50 curve that included the 50% viral inhibition point. 
RP-HPLC analysis of the HuIFN-αN3: HuIFN-α Interferon species in 
different IFN compositions were separated according to theirs relative 
hydrophobicity using RP-HPLC column, as it was stated by Punainen S, 
et al. (Punainen S, et al., 1999). The HuIFN-αN3 subtype composition was 
analyzed by Reverse Phase High Performance Liquid Chromatography 
(RP-HPLC). HPLC column was Phenomenex, Aeris Peptide column 3.6 
μm XB-C18, 250  4.6 mm. Different HuIFN-αN3 samples (natural and 
recombinant) approximately 1 million IU/ml in a volume of 20-40 μl 
were applied to the column and eluted with the linear gradient of Solvent 
A=water+0.1% of Trifluoroacetic Acid (TFA) and Solvent C=Aceton-
itril+0.1% TFA for 20 minutes with a flow rate of 0.8 ml/min. and pressure 
of 139-140 bar. The course of RP-HPLC chromatography of different IFN 
samples is shown in Table 1. Temperature of the column was 40°C. The 
absorbance was monitored at 214 and 280 nm. 
Chromatofocusing: Chromatofocusing is a technique that employs 
ion-exchange chromatography using a pH gradient (usually linear) to sep-
arate biomolecules with acid/base functionalities (Anderson D, 2005). It is 
used in the analysis and purification of proteins. It was developed with the 
hope to become a liquid chromatographic version of Isoelectric Focusing 
(IEF), which performs both a separation role based on the pI values of a 
protein and a characterization role in determining the pI values. Irrespec-
tive of the ways in which the pH gradient is generated, there are two modes 
of chromatofocusing: (1) Anion chromatofocusing, (2) Cation chromato-
focusing. Most conventional chromatofocusing techniques utilize elution 
buffer components from Amersham Biosciences (Amersham, 1987). 
During the experiments, the chromatofocusing was performed in the 50 
1 cm3 Bio-Rad chromatographic columns filled with Polybuffer Exchan-
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ger (Mécs I, Koltai M, 1985; Toth S and Mecs I, 1986; Toth S and Mecs I, 
1986). The column was equilibrated to pH 7.4 with the 25 mM imidazol/
Hcl buffer and then the IFN samples were added onto the column in phos-
phate buffer saline solution (pH=7.4) containing a total antiviral activity of 
1.000.000 IU/ml units. So loaded column was eluted with 8-times diluted 
pH=3.5 polybuffer 74 and 2 ml fractions were collected. In each fraction 
the antiviral, antiproliferative and cytocidal activity were determined.
Pro- or anti-inflammatory assay: The inflammatory assay was performed 
according to Mecs and Koltai (Toth S and Mecs I, 1986) as follows: CFIuP 
(Complement Factor I Precursor) mice’s weighing 28.6 ± 1.34 g fed with 
the commercial food pellets and tap water ad libido was used for the detec-
tion of inflammatory responses. The acute inflammatory reaction was in-
duced either by 300 μg Carrageenan (Viscarin 402, Lot No. 203215, Marine 
Colloids Inc. USA) or by Human IFN-αN3 preparations in doses of 1.24 
 106 IU/ml and 3.6  106 IU/ml injected into the plantar region of the 
footpad in a volume of 0.03 mL/region. The contra lateral feet were given 
the same volume of isotonic NaCl. Determination of the inflammatory re-
sponses was made according to Levy (Levy L, 1969; Slimmer S, et al., 1981) 
three hours after Carrageenan and two hours after IFN preparations. The 
mice were bled; theirs’ hind paws were cut at the tarso-metatarsal joint, and 
the weights of the inflamed vs. paws vs. saline treated were compared, and 
the percentage increase produced by the philologer was calculated. The re-
sults were statistically analyzed by the unpaired Student’s t-test.
Antiproliferative assay: The antiproliferative activity of various IFNs and 
theirs natural subtypes was determined on HEF and FL cells (Filipic B, et 
al., 1991; Taylor JL, et al., 1984) as follows: Cells (HEF, FL) were seeded into 
the 96 well micro-titer plate (Costar, USA) in a density of 4-6  104/well. In 
addition 1/3 of the another micro-titer plate was seeded under same con-
dition and used as “initial number” and put into the 5% CO2 filled thermo-
stat at 37° C for three hours. Cells were fixed with 2% glutaraldehyde (100 
μL/well). The wrapped plates in aluminum foil were kept for 72 hours in 
the refrigerator at +4°C. To the experimental plates, on next day the IFN 
samples were added (100 μL/well) in triplicate. They were serially diluted 
from 1:2 to 1:1024 and incubated for additional four days in the 5% CO2 
filled thermostat at 37°C. After four days of incubation, the medium was 
removed and the cells were fixed with 2% Glutaraldehyde, washed with 
Phosphate Buffer Saline (PBS) and stained with the Methylene blue for 
45 minutes at room temperature. Afterward, plates were washed and the 
bound color was eluted by 1 mM HCl (100 μl/well). On the same way the 
plates with the “initial number” of cells were managed. Finally the optical 

density was measured at 570 nm. The calculation of the GI (Growth In-
dex)=OD (Optical Density) 570 nm of cells after 4 days/OD 570 nm of 
“initial number of cells”.
Cytocidal activity in vitro: The cytocidal activity was determined by the 
method similar to that described (Karayianni-Vasconcelos G, 1993). In 
brief: The PLA cells were seeded into the 96 well micro-titer plates (Costar, 
USA) in a density of 2  105 cells/well, and incubated. In the 5% CO2 filled 
thermostat at 37°C. When the cells approached a confluence, the medium 
was aspirated and 10.000 IU of IFN/mL in 100 μl of medium was added to 
the previous 100 μl of the medium in the tray. Afterward, the samples were 
serially diluted from 1:2 to 1:1024 and incubated for additional four days in 
the 5% CO2 filled thermostat at 37°C. Cells were stained with 0.05% Neu-
tral red in PBS for 75 minutes, washed twice with Saline and added 100 μL 
of the mixture of 96% Ethanol:PBS in ratio 1:1 to elute the cell bound color. 
The cytocidal activity was determined by measuring the optical density of 
the eluted dye at 540 nm.
Neutralization test: Neutralization of the cytocidal activity of different 
IFNs by the antiserum were assayed by the “constant antibody” method (La 
Bonnardière C, et al., 1986) in which the fixed dilution of antiserum were 
applied to the PLA cells, followed by the serial 2-fold dilutions of IFNs. The 
Neutralization Index (NI) was calculated as follows: NI=(log2 of IFN)-(log2 
of IFN control).

RESULTS
The subtype composition of HuIFN-αN3
Through the RP-HPLC analysis (Figure 1 and Table 1) it was found, that 
the natural RP-HPLC type I. correspond to IFN subtype α14, RP-HPLC 
type II to IFN subtype α2, RP-HPLC type III to IFN subtypes α21 and α4, 
RP-HPLC type IV corresponds to IFN subtype α10, RP-HPLC type V cor-
responds to IFN subtypes α17 and α7, RP-HPLC type VI correspond to 
IFN subtype α8; RP-HPLC type VII to IFN subtype α1 and RP-HPLC type 
VIII to IFN subtype α a. In the native HuIFN-αN3 from EGIS, Budapest, 
Hungary or IMZ, Zagreb, Croatia (Figure 2) generally with seven “min-
or” (a-g) and eight “major” (1-8) subtypes of antiviral activities can be 
determined by chromatofocusing on WISH cells. They have the follow-
ing pI values (Isoelectric points): 8.12, 7.40, 7.02, 6.90, 6.45, 6.06, 4.45, and 
5.80, 5.65, 5.50, 5.30, 5.05, 4.88, 4.72, 4.50 (Table 2). The highly purified 
rHuIFN-α2 and rHuIFN-α1 has pIs of 5.80 and 4.70. It can be assumed that 
a natural chromatofocusing subtype 1 and 7 corresponds to rHuIFN-α2 
and rHuIFN-α1.

Figure 1: Plan of the experiments
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Figure 2: Chromatofocusing profile of Human leukocyte Interferon-alfa (HuIFN-αN3) from EGIS (Budapest, Hungary) or IMZ (Zagreb, Croatia)

Table 1: The course of Reverse Phase High Performance Liquid (RP-HPLC) chromatography of different Interferons (IFN) samples

Step Time (min) Solvent A (%) Solvent C (%)
0 0 91 9
1 3 80 20
2 6 50 50
3 12 50 50
4 15 91 9
5 20 91 9
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Pro- and anti-Inflammatory activity of different HuIFN-αN3 
types
The natural subtypes isolated from HuIFN-αN3 from EGIS, Budapest, 
Hungary or IMZ, Zagreb, Croatia show (Figure 3) different pro- and an-
ti-inflammatory effects. The natural subtypes separated in the range of pI 
8.0 to 6.0 show pro- inflammatory activity. Those, chromatofocused in the 
range 5.80 to 3.50 show anti-inflammatory activity. It is interesting, that 

the type isolated from HuIFN-αN3 (IMZ, Zagreb, Croatia) (Figure 3) show 
very “weak” pro and “strong” anti-inflammatory effects. The strongest an-
ti-inflammatory activity can be found in the isolated natural HuIFN-α 
subtype 3. It is important, that this from IMZ is stronger than those from 
EGIS. Additionally, this is the picture of different natural subtypes’ con-
tent in both preparations as EGIS or IMZ has different technology. EGIS 
use concentrated purified preparation, while IMZ use concentrated non 
purified one. 

Figure 3: Pro- and anti-inflammatory activity of seven “minor” (a-g) and eight “major” (1-8) Subtypes of HuIFN-αN3 from EGIS (Budapest, 
Hungary) or from IMZ (Zagreb, Croatia)

Table 2: Neutralizations of Interferon’s cytocidal activity

IFN type/ subtype Polyclonal an-
ti-IFN-α

Monoclonal an-
ti-IFN-α1

Monoclonal an-
ti-IFN-α2

Monoclonal an-
ti-Acidolabile IFN

Monoclonal an-
ti-HuIFN-γ

Monoclonal an-
ti-PoIFN-γ

a -1.15* 0 0 -0.98* 0 0
1 -1.92* -2.43* 0 0 0 0
2 -1.22* 0 0 0 0 0
3 -1.77* 0 0 0 0 0
4 -2.01* 0 0 0 0 0
5 -1.88* 0 0 0 0 0
6 -2.12* 0 0 0 0 0
7 -2.21* 0 -2.84* 0 0 0
8 -1.77* 0 0 0 0 0

HuIFN-αN3 -3.11* -1.11* -1.97* -1.43* -0.22* -0.11*
rHuIFN-α1 -1.53* -3.72* 0 0 0 0
rHuIFN-α2 -2.01* 0 -2.75* 0 0 0
HuIFN-αβ -1.91* -0.95* -2.11* -0.21* 0 0
HuIFN-γ -1.05* 0 0 -1.15* -2.23* 0

Note: *Values of NI (Neutralization Index) were calculated as follows: NI=(log2 of IFN titer)-(log2 of IFN control). IFN: Interferon; HuIFN-αN3: 
Human leukocyte Interferon-alfa; rHuIFN: recombinant Interferons; PoIFN: Procine Interferon
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Antiproliferative activity
The data about the antiproliferative assays performed on HEF or FL cells 
shows (Figure 4) that the total antiproliferative activity of HuIFN-αN3 is 
bigger from the different isolated subtypes, with the exception of the iso-
lated natural subtype a. From the isolated subtypes, the most interesting 
are subtype 3 with a lower sensitivity for FL cells, and subtype 6 with the 
lowest sensitivity for FL cells. The recombinant IFNs has similar antiprolif-
erative activity as natural subtypes 1 and 7. In this respect, the subtype ‘a’ is 
somehow similar to IFN-γ and IFN-ω, even it is different according to the 
pI value and biological properties. In general, the FL (=transformed) cells 
are more sensitive for the antiproliferative activity than HEF (=no trans-
formed) cells.

IFN’s cytocidal activity in vitro
Quantification of cytocidal activity: The cytocidal activity of different 
natural and recombinant HuIFNs, together with the isolated natural sub-
types (a, 1-8) were assayed on the PLA (Adult pig kidney cell line), HEF or 
FL cells (Table 3). They are sensitive for the cytocidal activity of HuIFN-
αN3 similarly as it was described for the sensitivity of embryonic and new 
born pig kidney cells for PoIFN-α (Laude H and Bonnardiere CL, 1984). 
Treatment with HuIFN-αN3 show the morphological changes, similar to 
the cytopathic effects in a dose dependent manner. When different nat-
ural subtypes of HuIFN-αN3 were tested on the PLA cells, the cytocidal 
activity was found only in some of them as IU/ml needed to get the 50% 
cytocidal effect: In the subtype a with 78.1, subtype 1 with 312.5, subtype 2 
with 625, subtype 3 with 0, subtype 4 with 1250, subtype 5 with 0, subtype 

6 with 2500, subtype 7 with 625 and subtype 8 with 0. When different nat-
ural preparations of HuIFN-αN3 were tested the preparation from IMZ, 
Zagreb, Croatia has 156.2 as it was found for the preparation from SAV, 
Bratislava, Slovakia. The HuIFN-αN3 from EGIS, Budapest, Hungary has 
312.5. Relatively high cytocidal activity was found when HuIFN-γ was test-
ed. It was 156.2. The recombinant rHuIFN-α1 shows the very low cytocidal 
activity at 2.500, the rHuIFN-α2 at 5.000.
Neutralization of cytocidal activity: The cytocidal activity of various 
forms of HuIFN-αN3 and its natural subtypes can be neutralized by add-
ing either polyclonal or monoclonal antibodies. The results in the Table 3 
show, that all of the subtypes (a, 1-8) can be neutralized with the polyclonal 
anti-IFN-αN3. The values of NI were in the range from: -1.15 till -2.21. 
The HuIFN-αN3 from EGIS had NI of -3.11. The rHuIFN-α1 has NI of 
-1.53; the rHuIFN-α2 had NI of -2.01. When the HuIFN-αβ was tested 
with polyclonal anti-HuIFN-αN3, the NI was -1.91. With the monoclonal 
anti-rHuIFN-α1 the subtype I can be neutralized with the NI -2.43. The 
HuIFN-αN3 has the NI-1.11; rHuIFN-α1 has the NI-3.72 and HuIFN-αβ 
with the NI -0.95. With the monoclonal anti-rHuIFN-α2 the subtype VII 
can be neutralized with the NI of -2.84. The HuIFN-αN3 has the NI of 
-1.97, and the rHuIFN-α2 has the NI of -2.75. Surprisingly the HuIFN-αβ 
has the NI of -2.11. The monoclonal anti-acidolabile IFN can neutralize 
the isolated natural subtype ‘a’ with the NI -0.98, and HuIFN-αβ with NI of 
-0.21. With the monoclonal anti-HuIFN-γ the HuIFN-αN3 can be neutral-
ized with the NI of -0.22. With the monoclonal anti-PoIFN-γ the HuIFN-
αN3 can be neutralized with the NI of -0.11.

Figure 4: AV (Anti-Viral) units needed for GI/C50  100 of HuIFN-αN3 from EGIS (Budapest, Hungary) or IMZ (Zagreb, Croatia) and Subtype a 
and eight “major” subtypes (1 to 8) Human Embryonic Fibroblasts (HEF) or Human amnion cells line (FL) cells

IFN type/subtype PLA** HEF*** FL****
a 78.1* 0 0
1 312.5* 0 0
2 625* 0 0
3 0* 0 0
4 1250* 0 0
5 0* 0 0

Table 3: Quantification of cytocidal effects of various preparations of HuIFN-αN3 and theirs natural subtypes on PLA, HEF and FL cells
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DISCUSSION
The natural Human leukocyte Interferon (HuIFN-αN3) is a complex mol-
ecule consisting of at least 15 natural subtypes. They were characterized 
as seven “minor” designed as a-g and eight “major” designed as 1-8. For 
the subtypes 1 and 7 it is known that they have the recombinant counter-
parts’ rHuIFN-α1 and rHuIFN-α2 (Platanias LC, 2005). Recently, thir-
teen rHuIFN-α subtype were expressed in E. coli and purified by affinity 
chromatography (Kuruganti S, et al., 2014). They are comparable with the 
natural subtypes by isoelectric points (pI). Today it is known the binding 
kinetics and activity of all thirteen HuIFN-α subtype. The mechanism by 
which HuIFN-αN3 either as natural mixture or as an individual subtype 
affect some other cytokines is not completely understood. A key report 
has identified, in HuIFN-αN3 subtypes, a correlation with stronger inhib-
ition of virion’s infectivity forged the higher relative potency of HuIFN-α8. 
Interestingly, both potent (HuIFN-α8) and weak (HuIFN-α1) subtypes 
significantly induced hyper mutation of GG-to-AG in HIV-1, which re-
vealed strong implications for HIV-1 mucosal immunity, viral evolution 
and HuIFN-αN3 based functional cure strategies described. The results 
unraveled non-redundant functions of the HuIFN-αN3 subtypes against 
HIV-1 infection, more broadly, the existence of subtypes virtually showed a 
potential advantage for HuIFN-αN3 gene family to allow the infected host 
to differentially express HuIFN-αN3 genes in response to diverse antigens. 
It seems, that for this are mainly responsible some of the natural subtypes. 
The detailed analyses found (Crow MK and Ronnblom L, 2019), that some 
of them act anti and some proinflamatory. In this contest, the subtype a 
(probably IFN-ω) (Kontsek P, et al., 1991) is the most interesting concern-
ing the cytocidal and antiproliferative activity. It was also found that this is 
the most important acid-labile component of the HuIFN-αN3. Regarding 
the antiproliferative and cytocidal activity it was found, that it is not neces-
sary that they are always in correlation. The used experimental cell system 
(PLA) for testing of the Interferon's cytocidal activity show the major dif-
ferences between crude or purified HuIFN-α isolated subtypes and recom-
binant HuIFN-α1 and HuIFN-α2 having very little of cytocidal activity. 
The cytocidal activity of all tested natural or recombinant HuIFN-α can be 
neutralized by polyclonal anti-HuIFN-α rabbit's antiserum (Aranson BG 
and Dianzani F, 1998). Susceptibilities of PLA, HEF and FL cell lines for 
the cytocidal, antiproliferative and antiviral activity of various interferons 
were tested. The PLA cells were highly sensitive for cytocidal, moderate-
ly for antiproliferative and nearly insensitive for antiviral activity. The FL 
cells were insensitive for cytocidal, highly sensitive for antiproliferative and 
antiviral activity. On contrary, the HEF cells were insensitive for cytocidal, 
moderately sensitive for the antiproliferative and highly sensitive for anti-
viral activity. Cell's sensitivity for cytocidal, antiproliferative and antiviral 
effects of IFNs appear to be distinct suggesting that cell membrane recep-
tors for the antiviral activity of IFN-α may not be a major factor in the 
response of PLA cells, being highly susceptible for the cytocidal activity. 
The HEF cells, which are most susceptible for the antiviral effect of HuIFN-

αN3, were insensitive for the cytocidal effect. The cytocidal effect of IFNs 
does not appear to be a general phenomenon. As it is recognized (Hannun 
YA and Linardic CM, 1993; Hannun Y, 1993; Blitterswijk WJ, et al., 2003) 
some Interferon’s can utilize another novel signal transduction pathway re-
lated to the production of ceramid serving within the cell as a second mes-
senger controlling downstream event. Further experiments will show if the 
cytocidal activity of HuIFN-α or some of its natural subtype is somehow 
connected with this pathway.

CONCLUSION
The present work was aimed to detect, analyze and compare the natural 
subtype’s composition of HuIFN-αN3 from EGIS (Budapest, Hungary) or 
IMZ (Zagreb, Croatia) and to measure theirs pro- or anti-inflammatory, 
antiproliferative and cytocidal activity in vitro. It can be concluded that this 
is the picture of different natural subtypes’ content in both preparations 
from EGIS or IMZ because of different technology. EGIS use concentrated 
purified preparation, while IMZ use concentrated non purified one.
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