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Summary. — Using a high titred human leukocyte IFNa pre­
paration which contained both acid- and thermolabile (AL-IFNa) 
and acid- and thermostable IFNa species in 9 : 1 proportion 
for immunization of BALB/c mice, five hybridomas secreting 
monoclonal antibodies that reacted with AL-IFNa were obtained. 
In antiviral and antiproliferative tests on HL-60 cells, their 
products showed high degree of specificity for AL-IFNa. The 
results suggest that both the “normal” leukocyte AL-IFNa and 
the IFNa found in sera of autoimmune and other chronic patients 
might belong to the same subtype of IFNa.

Introduction

Production of interferon (IFN) by cells both in vitro and in vivo is, as a rule, 
a short lasting phenomenon (Stewart, 1979; Buchmeier el al., 1980). The 
fast disappearance of IFN from circulation is in accordance with the concept 
that its prolonged presence might be incompatible with the normal function­
ing of organs (Bocci, 1987). However, in several chronic diseases such as 
autoimmune*AIDS, Down’s syndrome etc, persistent or reappearing IFN 
titres could be demonstrated (Hooks et al., 1981; Preble et al., 1984; Funa 
et al., 1984). The pathogenic role of such IFN is not clear. However, the so 
called TRI-inclusions in SLE or in chronic hepatitis В showed a correlation 
with the presence of IFN in s?ra of lupus (SLE) patients and/or the cycles of 
IFN therapy in hepatitis В (Rich et al., 1986; Grimley et al., 1983). Character­
ization of IFN in above mentioned pathological conditions is rather tedious, 
to a great deal due to acid- and thermolability of such IFNs and because of 
its usually low concentration in the serum of patients. In majority of cases, 
the IFN found in chronic diseases was classified as IFNa based on neutral­
ization with polyclonal anti-IFNa serum, but in Behcet’s syndrome — as 
IFNy (Ohno et al., 1982), and both a and у IFNs were found in psoriasis and 
lupus — SLE by others (Livden et al., 198; Hooks el al., 1982).

Chadha et al. (1985) reported that, when assayed before acid processing, 
an acid- and thermolabile component can be found in “normal” leukocyte 
IFNa preparations. We have come to similar conclusion (Borecký et al.,
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1986) and recently Mécs et al. (1989) confirmed the presence of thermolabile 
IFNa components by electrofocusing of commercial IFNa preparations.

In this paper we report on obtaining monoclonal antibodies which differ­
entiate selectively the acid- and thermolabile IFNa (AL-IFNa) from the 
acid- and thermostable IFNa species.

Materials and Methods
Interferons. Tho acid- and thermolabile IFNa (AL-IFNa) was induced in human leukocytes 

(rid of erythrocytes with 0.83 % NH4CI) with 200 haomagglut mating units (per 106 leukocytes) 
of Newcastle disease virus, strain B1 (NI)V) suspended in Eagle’s basal medium. After incubation 
at 37 °C for 16 hrs, the bulk of inducer was removed by high speed centrifagt ion (30000 rev/min 
for 60 min, Beckman, rotor 70.1). As judged from the results of retitration of antiviral actvity 
(AV) on humaci embryonic lung fibroblasts in 19th passage, about 10 % of tho AV activity was 
thermostable in this preparation. Its total AV activity (against vesicular stomatitis virus 
VSV) was 1.28 x 105 units per ml. Other IFN prooarations usod: The acid- and thermostable 
human leukocyte IFNa was product of Celltech, G. Britain, Batch No. 527507. It contained 105 
AV units per ml. Another preparation of human loukocyto IFN was produced in Instituto of 
Virology, Bratislava. It contained 106 units of IFN per mg. The human fibroblast IFN (Torny 
Ind, Japan, Lot L-0631) contained 107 units of IFN per mg. The human loukocyte IFN (Finnish 
Red Cross, Helsinki, Lot G-8510) contained 106 units of IFN per ml. Recombinant intorferons, 
rIFNal and rIFNa2 wore products of Boehringor, FRG, through courtesy of I)r. G. Bodos 
Vienna. Their AV activities were 108 units per ml for IFNal (Lot No. 648/7-10), and 5 x 10® unit 
per ml for IFNa2 (Lot No. 30404). The recombinant IFNaN was a gift of I)r. E. J. Gren (Latvijan 
Academy of Sciences, Riga). It is a partially purified preparation containing 2x 105 units of 
IFN per ml.

Interferon assay. The antiviral activity (AV) of IFN preparations was assayed by cytopathic 
effect reduction method on microplates (96 well plates. Koh-i-noor, Czechoslovakia) using human 
diploid lung cells and vesicular stomatitis virus (VSV) as challenge. The titres were calibrated 
against the N.I.H. (U.S.A.) reference standard preparations of IFNa, (3, and у (kindly provided 
by Dr. Laughlin).

Immunization. Eight-week-old female BALB/c mice (Institute of Virology, Bratislava) were 
immunized at 7 week intervals for 5 months. The preparation of acid- and thermolabile IFNa 
(AL-IFNa) with 1.28 x 105 units of IFN por ml was emulsified with complete Freund’s adjuvant 
in 1 : 1 ratio and aliquots of 0.5 ml (3.2 x 104 units) por mouse were injected intraperitoneally. 
After receiving 3 doses of immunogene, the mice were boosted intravenosly with 4.3 x Ю4 
units of IFN in 0.3 ml of Eagle s basal medium. Three days later, the mice werue bled, sera colle­
cted and the spleens used for preparation of hybridomas.

Preparation of hybridomas. The fusion procedure and selection of hybridomas was performed 
as described in our previous paper (Kontsek et al., 1988). Briefly, 108 spleen cells were fused with 
2x 107 NSO myeloma cells using PEG 1550 (Serva, FRG). Afterwards thecells were resuspended 
in Dulbecco’s minimal essential medium (Sigma, FRG) with hypo anthine-aminopterine- 
thymidine and 15 % of a horse serum selected for cultivation of hybrixomas (Elan-clone, Cze­
choslovakia) and seeded in 96-well plates (Flow Lab., G. Britain). Aftd incubation at 37 °C in 
5 % CO2 atmosphoro for 14 days, the culture supernatants from wells erth growing hybridomasd 
were collected and used for primary screening. The clones producingwiantibodies were redone 
using the limiting dilution mothod on aa feeder layer from spleencells of BALB/c mice until 
stable subclones producing monoclonal ntibodies (MoAb) to AL-IF N were obtained.

Neutralization of antiviral (AV) activity of IFN. The primary screening of hybridomas was 
based on ability of culture supernatants to neutralize the AV activity of AL-IFN. Aliquots 
(0.05 ml) of hybridoma culture supernatants (in sovoral parallels) were mixed with -an equal 
volume (0.05 ml) of three fold dilutions of IFNs testod. The mixtures were added to human 
diploid lung fibroblasts in microplates- as in IFN assay. Hybridomas secreting MoAbs which 
meutralized at least 3 units of IFN were considered positive. In soveral tests, standard polyclonal 
anti-IFNa, anti-IFN^ and anti-IFNy sera, obtained through courtesy of Dr. Laughlin (N.I.H 
Bethesda, U.S.A.), wero also employed. Monoclonal antibodies against conventional IFN a, (3, у 
used in this study wore prepared in this Institute (Novák et al., 1986; Kontsek et al., 1988, 1989).



2-56' KONTSEK, P. et al.

Neutralization of antiproliferative (AP) activity of IFN. The ability of hybridoma prod 
(MoAb) to neutralize the AP activity of IFN was assayed on HL-60 cells according to Kon 
et al. (1988). Briefly, into the microeulture wells containing the mixture of 0.05 ml of tse 
(100 units per ml) and 0.05 ml hybridoma culture supernatant, 2x 104 HL-60 cells in 0.1 ш 
were added. After 72 hrs the number of cells were counted using a Burker-chamber. As со 
the culture supernatant from Ig nonproducing cells was used. Each culture supernatant wa 
tested in quadruplicate and the results are expressed as mean of their number in each well. Cells 
used for AP assay were the HL-60 human 'promyelocytic cell line cultivated in I’M I -1 fill) 
(Serva, F.R.G.) medium in presence of 10 % horse serum.

Quantitation of monoclonal antibodies in the culture supernatants: The amt unts of antibodies 
(Ig) in hybridoma culture supernatants were assayed by the sandwich method of ELISA. The 
wells in microculture plates Koh-i-noor, Czechoslovakia) were coated with swine anti-mouse 
immunoglobulin (SEVAC), Czechoslovakia). The detectin £ antibody was a peroxidase-coniugated 
antimouse ami body (SEVAC, Czechoslovakia).

Determination of immunoglobulin types of monoclonal antibodies. The immunoglobulin type 
(Ig) of Mo \bs was determined by ELISA using swine anti-mouse Ig and anti-isotype sera against 
mouse Ig conjugated with horse-radish peroxidase (Serotec, ERG).

Preparation and purification of monoclonal antibodies. 5xl06 hybridoma cells (clone T-18) 
were inoculated into 4 weeks old BALB/c mice intraperitoneally. After 14 days, the ascitic 
fluid of mice was collected, clarified by centrifugation (20 000 rev/min for 30 min) and the Ig 
(in clone T-18) was precipitated with ammonium sulphate at 50 % saturation. The globulin was 
dissolved in distilled water and dialyzed against buffered saline at pH 7.2. The Ig concentration 
in the final product was determined by Lowry s method using bovine serum albumin as standard.

Results
When BALB/c mice were immunized with a high titred AL-IFNy pre­

paration, five hybridomas secreting Ig that neutralized the AV activity of 
AL-IFNa were obtained. Three of them were of IgG type and two of IgM 
type. The highest concentration of Ig (by ELISA) determined was j roduced 
by hybridoma T-18 (antibody activity 1 : 1024) and this MoAb was used

Tahle 1. C.haNVlerlza": >a < a ona ntihodies neutraliziny AL-IFN

Hybridoma ig Ig-CG^centration3 itralization of IFN-activity:
culture type (ELISA-titre) AVh APC effect of 50 units/ml

supernatant units/ml

T1 G1 1 : 256 24 88 %
T4 G2a 1 : 512 48 100 %
T18 M 1 : 1024 48 100 %
T19 M 1 : 256 12 76 %
T24 G1 1 : 64 3 38 %
(NSO

supern.d) 0 0 0 0 %

a Concentration of Ig in culture supernatants determined by ELISA.
b Neutralization titre of the AV activity (in units per m’) after mixing 0.05 ml of AL-I FNa with 

0.05 ml of hybridoma supernatant.
c Neutralization of AP activity of 50 units per ml of IFN n 0.05 nl after mixing with 0.05 ml 

of hybridoma supernatants (100 % neutralization corresponds to lie-number of cells incubated 
in absence of IFN, while 0 % neutralization corresponds to the пишЪзг of сэ Is found after 
incubation with IFN).

a Control — i ilture supernatantg-nonsecremyeloma cells NSO.
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Table 2. Neutralization of antiproliferative effect of human natural and recombinant 
alpha interferons with anti-AL-IFNa antibodies Tl, Till, and T19

Anti-AL-IFNx AL-IFNa IFNala IFNa» IFNa» Control
antibodies (4 x 102 U per (•lx 102 U (5 X 102 U per (1x10 2 U (Without IFN)

ml)P per ml) ml) per ml)

T-ld 99? (99 %) 71 (71 %) 71 (71 %) 59 (59 % 100 100 %
T-18? 99 (98 %) 72 (71 %) 77 (76 %) 57 (56 % )101 (100 %
T-19? 100 (98 %) 75 (73 %) 77 (75 % 56 (55 %) 102 (100 %)
No antibody 71 (69 %) 73 (71 %) 75 (73 %) 57 (55 %) 102 (100 %)

a Human recombinant IFNa 1 (Boehringer, Wien). 
b Human leukocyte IFNa (Institute of Virology, Bratislava). 
c Human leukocyte IFNa (Celltech, G. Britain). 
d Anti-AL-IFNa monoclonal antibody — supernatant preparation, 
s Anti-AL-IFNa monoclonal antibody — purified ascitic preparation, 
p Number of IFN units added to cells.
* Number of cells x 104/ml after incubation with IFN and antibody for 72 hrs.

subsequently in most tests. The antiviral and antiproliferative activity of 
hybridoma Ig products showed a clear correlation with their Ig content 
(Table 1). The anti-AL-IFNy monoclonal antibodies effectively neutralized 
the AP activity of AL-IFNa but were ineffective in neutralization of AP 
activity of thermostable IFN types IFNa, products of Celltech and/or Insti­
tute of Virology, Bratislava, or subtype a 1 (product of Boehringer, FRG) 
(Table 2).

When the concentrated T-18 monoclonal antibody against AL-IFNa 
was tested against the natural leukocyte IFNa (Celltech), natural fibroblast 
interferon (3 (Toray Ind.), natural (leukocyte) interferon у (Helsinki) and 
recombinant IFN subtyp?s al, a2, and aN — a high specificity of this mono­
clonal antibody for its inducer AL-IFN could be demonstrated (Table 3).

Table :i. Neutralization of the anti-proliferative activity of human IFNs 
with monoclonal antibody T-18 (anti-AL-IFNa) in HL-60 cells

IFN species
(100 units per ml)

Neutralizing capacity11 
of monoclonal antibody T-18

AL-IFNa 
S-IFNa (Colltoch) 
rIFNal (Boehringer) 
rIFNa2 (Boehringer) 
rIFNaN (Riga) 
IFNp (Toray) 
IFNy6 (Helsinki)

0.15 pg per ml
> lOpg per ml
> 10 pg per ml
> 10 pg per ml
> 10 pg per ml
> 10 pg per ml
> 10 pg per ml

a Amount of MoAb “T-18” which neutralized 50 per cent of AP activity of tested IFN species. 
b 10 units per ml of IFNy were used in tost.
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Tahir 4. Neutralization antiproliferative effects of various huinaii interferon types by nioiiorloiial
antibodies

Monoclonal antibody AL-IFNa rIFN-a 2 IFN-(3 IFN-y Control
200 Uper ml lOOUperml 100 U per ml 10 U per ml (without IFN)

Anti-AL-IFNa “Т-18”» 65.3' (105 %) 49.3 (79 %) 50.7 (81 %) 51.2 (81 %) 62.4 (100 %)
Anti-AL-IFNa “T-18”b 70.9 (99 %) ND ND ND 71.8 (100 %)
Anti-IFNp “13”» 55.9 (80 %) 53.2 (76 %) 66.0 (95 %) ND 69.5 (100 %)
Anti-IFNy “A8”a 49.7 (80 %) ND ND 65.0 (105 %) 62.0 (100 %)

ND: not done. 
a Ascitic fluid 1 : 100.
b Cell supernate from 1.5 X 106 hybridomas.
0 Number of cells x 104/ml after incubation with IFN and antibody for 72 hrs.

While the AL-IFNa was neutralized by 0.15 p.g per ml of T-18 monoclonal 
antibody, amounts exceeding 10 gg per ml T-18 antibody were ineffective in 
neutralization of other a, (3, and yIFNs.

The selective neutralizing capacity of anti-AL-IFNa monoclonal antibody 
has been confirmed in tests where the T-18 monoclonal antibodies were 
compared with the neutralizing capacity of anti-IFN [3 and anti-IFNy mono­
clonal antibodies (Table 4). The high selectivity of anti-AL-IFNa antibodies 
seems to include also the “pathological” IFN species such as found in SLE 
and/or psoriatic patients. This is shown in Table 5 and suggests that the 
AL-IFNa found in “normal” leukocyte IFNa preparations which were 
induced in vitro, and, the “pathological” acid- and thermolabile IFN 
might be antigenically similar if not identical.

Table 5. Antiviral activity of AL-IFNa and its neutralization by polyclonal 
and monoclonal antibodies

Interferon pH-2 Polyclonal1 against IFN Monoclonal against IFN
species stability a 'i у «(sta­

ble)1 2 
(60/4)

«(la­
bile) 3 4 
(T-18)

P2
(B6)

Y3
(A8)

Hu Leu IFN 27/34 ( + ) 27/27 (-) 27/27 (-) 27/3 ( + ) 27/9 (-) 27/9 (-) 27/0 (-)
Hu Leu IFN 81/9 ( + ) 81/81 (-) 81/27 (-) 81/27 (- ) 81/9 ( + ) 81/27 (-;) 81/27 (-)
SLE-IFN 32/8 ( + ) 32/32 (-) 32/32 (-) ND 32/8 ( + ) ND N1)
Psoriatic IFN — 32/8 ( + ) ND 32/16 (-) ND 32/8 ( + ) ND ND

1 NIH (U.S.A.) reference sera, 1 : 100.
2 Monoclonal sera, ascitic fluid, 1 : 100.
3 Concentrated antibodies (Ig), 1 pg per ml.
4 Titre of IFN before: titre of IFN after iffifubation with antiserum.
+ : 50pl of antibody dilution neutralizes more than 4 units of IFN per 50 pi. 
— : The neutralizing ability is under 4 units of IFN per 50 pi.
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Talilo (i. Neutralization of aatiprolifrrative activity of various interferons 
in HL-60 cells with various anti-IFN antibodies

Neutralization“ by:
IFN species Monoclonal antibodies to Polyclonal antibodies to

(100 units per 
ml) AL-IFNa 

(T 18)

(|zg per ml) 
IFNa IFN(D 

(60/4) (B6)
IFNy
(A8)

AL-IFNa
(dilutions) 

IFNa IFNp 
(NIH) (NIH)

IFNy
(NIH)

AL-IFNa 0.15 > 10 >10 >10 io-4 <4 10-1 5x10
IFNa» > 10 0.2 >10 > 10 10-3 10-4 10-1 10-1
IFNfi > 10 > 10 0.3 >10 io-4 ю-i io-4 ю-i
IFNyc >10 >10 > 10 0.1 io-4 10-1 ю-i IO“4

“ Amount (of Ig), dilution (of sera) which neutralized 50 per cent of AP activity of tested IFN. 
b Human leukocyte interferon a (Institute of Virology, Bratislava). 
c 10 units per ml of I KNy were used in test.

Comparison of the specificity of monoclonal and polyclonal anti-IFN 
sera revealed the presence of anti-IFNa antibodies in polyclonal anti-AL- 
IFMa serum and, of anti-AL-IFN antibodies in polyclonal anti-IFNy serum 
(Table 6). This finding sheds some light on results of neutralization tests with 
SLE and other interferons with polyclonal antibodies as reported in the 
literature.

Discussion

By analogy with IFNy, existence of an acid- and thermolabile IFNa sub­
species (subtype?) which would be antigenically distinct from the known 
IFNa subtypes — cannot be a -priori excluded. The candidates for such an 
IFNy subtype are the IFNs found in autoimmune and several other chronic 
diseases such as AIDS or Down’s syndrome (Hooks et al., 1982; Waschke 
and Diezel, 1984; Preble et al., 1984). However, a final antigenic classification 
of these IFNs meets difficulties. While the majority of authors found such 
IFNs to be of a type, others (Hooks et al., 1982; Livden et al., 1985) considered 
the results of neutralization tests supporting the view that several antigenic 
types of IFN may be present in sera of autoimmune patients. They might 
be produced by a hyperactive leukocyte(?) cell system rcsemb'ing the 
enhanced activity of В-cell system in autoimmune diseases. However, the 
low concentrations of IFN found in sera of patients, its intermittent presence 
(Borecký et al., 1986) as well as acid- and thermolability presents technical 
problems by performing identification tests and makes their results uncertain. 
The uncertainty extends also to polyclonal anti-IFN sera employed in such 
tests. Elsewhere (Borecký et al., in press) we showed that polyclonal anti-IFN 
(anti-IFNa and anti-IFNy) sera may contain, in various proportions, anti­
bodies that are specific for AL-IFNa. This IFNa species is, however, often 
removed from IFN preparations during processing. An acid- and thermo­
labile preparation of IFNa containing the AL-IFNa component in 9 : 1 pro-
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portion to the acid- and thermostable IFNa was used for obtaining mono­
clonal antibodies against the AL-IFNa. Surprisingly, several hybridoma 
products showed high neutralizing specificity for AL-IFNa when tested in 
antiviral and/or in antipro’iferative tests. The antigenic distinctiveness of 
AL-IFNa found support also in tests where the neutralizing capacity of 
anti-AL-IFNa monoclonal antibodies (Table 3 and 4) were tested against 
rIFNa I, rIFNa 2, and/or rIFNa N. However, obviously more subtypes 
should be tested for crossreactivity with anti-AL-IFNa sera before the 
final conclusion is met.

Several conclusions can be drawn from this study. First, they suggest 
that the AL-IFNa might represent an antigenically differing new subspecies 
of IFNa family. Second, such subspecies (as a developmental form?) might 
be present both in „normal“ leukocyte IFNa preparations and in sera of pa­
tients with chronic autoimmune and/or other diseases. Third, the AL-IFNa 
components may disappear from IFN preparations during their purification, 
sterilization, storage etc. Fourth, if present in an IFN preparation and used 
for immunization, AL-IFNa may, in addition to the major IFN component, 
elicit production of specific antibodies which may react with AL-IFNa in 
tested IFN preparations and lead to faise conclusions. Fifth, as follows from 
correlation found between interferonaemia and appearance of damaged blood 
cells, in autoimmune disease, AIDS etc, the AL-IFNa may participate on the 
pathogenesis of several chronic diseases (TRI-inclusions, chromosome- and 
membrane damage etc, Rich et al., 1986 etc). Sixth, although the AL-IFNa 
from “normal” leukocyte IFN preparations and the IFNs appearing during 
pathological conditions (SLE, psoriasis) seem to be similar, further compara­
tive studies and involvement of further IFNa subtypes in cross-reactivity 
tests seem to be warranted.
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