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We studied in vitro production of interferon-a and interferon-y by peripheral blood leuko-
cytes from 15 patients with multiple sclerosis. The priming effects of interferon preparations
weakly correlated with interferon-a production by leukocytes from patients with multiple
sclerosis, but negatively correlated with interferon-y production. The effects of interferon in-
ducers in most cases positively correlated with its spontaneous production. We found a weak
positive correlation between the priming effect of natural interferon-a and the effect of re-
combinant interferons. There were positive or strong positive correlations between the effects
of recombinant interferons on leukocytes from patients with multiple sclerosis. The relation-
ship between the effects of medicinal interferon inducers and interferon preparation varied
from negative to strong positive correlations. These data suggest that correlation analysis can
be used for dynamic control and elaboration of methods for combined immunotherapy of mul-

tiple sclerosis with various interferon preparations or interferon and its inducers.
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The use of interferon (IFN) [2,5,6,12,16] or its indu-
cers [1] for combined therapy of patients with multi-
ple sclerosis (MS) is directed to normalization of the
immunoregulatory balance impaired during demyeli-
nating processes [13].

Healthy individuals differ in the sensitivity of
peripheral blood leukocytes (PBL) to the priming ef-
fect of IFN [9,14]. The reaction of PBL to IFN chang-
es during viral diseases [9], immune deficiency, au-
toimmune and allergic disorders [14], and MS [3].
Long-term treatment with IFN leads to production of
neutralizing anti-IFN antibodies in patients with MS
[5,16], which decreases the efficiency of replacement
therapy [5]. Therefore, combined therapy with various
IFN preparations or IFN and its inducers seems to be
promising. These schemes of treatment would allow
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us to change IFN preparations or its inducers at vari-
ous stages of patient’s management.

In this respect, it is necessary to evaluate the de-
pendence of the effects of IFN preparations and its
inducers on functional activity of PBL in patients with
MS and to reveal correlations during in vitro treatment
of PBL with medicinal preparations of IFN and its
inducers.

MATERIALS AND METHODS

We studied the sensitivity of PBL from 15 patients (6
men and 9 women aging 25-58 years, mean 42.2 years)
with cerebrospinal secondary progressive (5 patients)
and remittent MS (10 patients) to the priming effect
of IFN preparations. The patients suffered from MS
for 6 months-20 years (average 9.3 years). The severi-
ty of neurological deficiency was 4.5 points by the
EDSS scale.
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In vitro production of IFN-a and IFN-y by in-
duced and primed PBL was studied in whole hepari-
nized peripheral venous blood [8]. Titration of IFN
was performed in a monolayer culture of human dip-
loid fibroblasts. The content of IFN in conditioned
media was estimated by 50% inhibition of cytopathic
effects caused by mouse encephalomyocarditis virus
(100 ICEsy).

In vitro induction of IFN in blood cells was per-
formed as described elsewhere [10]. IFN-a production
was stimulated by Newecastle disease virus (IDy, per
leukocyte). IFN-y production was induced by staphy-
lococcal enterotoxin A (Immunopreparat) in a dose of
1-10 pg/ml depending on its activity. The cells were
treated for 24 h.

Medicinal preparations of human IFN, including
human leukocyte IFN for injections (Intekor), Reafer-
on (recombinant IFN-a,,, Vektor), Betaferon (recom-
binant IFN-[3,,, Schering), and Gammaferon (recom-
binant IFN-y, Sanitas), were used for priming of IFN
production. The method of high-efficiency induction
was used [7]. The preparation (20 IU/ml) was added
into blood cell samples 2 (IFN-o and IFN-B) or 4 h
(IFN-y) before treatment with Newcastle disease virus
or staphylococcal enterotoxin A, respectively.

To stimulate IFN production with medicinal pre-
parations of IFN inducers, we used Cycloferon (Poli-
san), Neovir (Issledovatel’skie Laboratorii), Ridostin
(Vektor), and Amixin (Lens-Farm) in final doses of
600 pg/ml, 600 pg/ml, 1.0 mg/ml, and 2.5 mg/ml, re-
spectively. The cells were treated for 24 h.

The results were analyzed by Spearman rank cor-
relation test (7).

RESULTS

The priming effects of IFN preparations were not re-
lated to IFN-a production by PBL (Table 1). The ini-
tial functional activity of blood cells from patients
with MS estimated by IFN-a production determined
the response to priming with recombinant IFN-a and
IFN-(3 (Table 1).

The priming effects of medicinal IFN prepara-
tions depended on the ability of PBL from patients
with MS to produce IFN-y. There was a negative cor-
relation between the effect of recombinant IFN-3 and
production of IFN-y by blood cells from patients with
MS (Table 1).

Table 1 shows in vitro effects of medicinal IFN
preparations on PBL from patients with MS. The lower
was the ability of cells to produce IFN under condi-
tions of standard induction, the greater was the pri-
ming effect of IFN preparations. Thus, the priming ef-
fects of type I and II IFN are characterized by func-
tional antagonism [12,15]. There was a negative
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correlation between production of IFN-y (type II IFN)
and the effect of IFN-a and IFN-f (type I IFN, Table
1). The priming effect of Betaferon inhibiting secre-
tion of antiinflammatory cytokines (e.g., IFN-y [5])
strongly depended on IFN-y production by PBL (Ta-
ble 1).

We found positive correlations between functio-
nal activity of blood cells from 5 of 8 patients with
MS and IFN production stimulated by medicinal IFN
inducers (Table 1). These results indicate that exobio-
tic IFN inducers produce more pronounced effects on
producers characterized by intensive spontaneous se-
cretion of IFN.

It should be emphasized that the correlation coef-
ficients characterizing the relationship between the
effects of Ridostin and Amixin and IFN-y production
were different (Table 1). As differentiated from Cy-
cloferon and Neovir stimulating only IFN-a produc-
tion, these preparations acted as inducers of both
IFN-a and IFN-B [4,11].

Correlation analyses allowed us to differentiate
IFN inducers with respect to their effects and mecha-
nisms of action: treatment with these agents leads to
various IFN reactions in different cell populations.
Ridostin stimulates early IFN production by T lym-
phocytes, which involves macrophages as helper cells.
Amixin induces late IFN that is not mediated by hel-
per cells [4,11]. Probably, these inducers would com-
plement each other during combined use. It should be
emphasized that the coefficient of correlation between
Amixin effects and spontaneous production of IFN-O
and IFN-y surpassed that for other IFN inducers (Ta-
ble 1).

The analysis of correlations observed during pri-
ming of IFN production by medicinal IFN prepara-
tions showed that their effects were interrelated. There
were insignificant positive correlations between the

TABLE 1. Correlation Coefficients for in Vitro Priming
Effects of IFN Preparations or Inducers and Production of
IFN-a and IFN-y in Patients with MS

Preparations IFN-a IFN-y

IFN preparations

human leukocyte IFN 0.14 0.16

Reaferon -0.2 -0.25

Betaferon -0.2 -0.49

Gammaferon -0.06 -0.09
IFN inducers

Cycloferon 0.42 0.62

Neovir -0.14 0.1

Ridostin 0.36 0.33

Amixin 0.64 -0.65
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TABLE 2. Correlation Dependences (r) Revealed during in Vitro Effects of Medicinal IFN Preparations and Inducers on

PBL from Patients with MS

Preparation Cycloferon Neovir Ridostin Amixin
Human leukocyte IFN 0.06 -0.02 0.24 0.26
Reaferon -0.17 0.54 -0.17 0.61
Betaferon -0.24 0.18 -0.23 0.73
Gammaferon -0.07 0.04 -0.37 0.77

priming effect of human leukocyte IFN and the influence
of Gammaferon, Reaferon, and Betaferon (#=0.07,
r=0.3, and »=0.36, respectively). At the same time, we
found positive or strong positive correlations between
changes in cell activity induced by recombinant IFN
preparations. The correlation coefficients for the ef-
fects of Betaferon and Gammaferon, Reaferon and
Gammaferon, and Reaferon and Betaferon (type I IFN
used in combined immunotherapy of MS) were 0.64,
0.7, and 0.86, respectively. This strong positive cor-
relation indicates close relationship between PBL sen-
sitivity to recombinant IFN-a and IFN-[3 in patients
with MS. Therefore, these preparations should be used
in combined therapy and substitute for each other, if
cell sensitivity decreases [3].

The priming effect of medicinal IFN preparations
were interrelated with the influence of medicinal IFN
inducers on PBL from patients with MS (Table 2). We
found insignificant positive correlations characterizing
the effects of human leukocyte IFN. The relationship
between the effects of recombinant IFN preparations
and IFN inducers varied from negative (Gammaferon-
Ridostin) to strong positive correlations (Gammafer-
on-Amixin, Table 2). The effects of Reaferon and
Betaferon negatively correlated with the influence of
Ridostin, but positively correlated with the influence
of Amixin (Table 2). Therefore, the effects of recom-
binant IFN preparations are realized during low pro-
duction of early induced IFN-a and IFN-[3, but inten-
sive secretion of late type I IFN under conditions of
forced response.

The ratios of mean r to the number of IFN induc-
ers were 0.09, 0.1, 0.135, and 0.2 for Gammaferon,
Betaferon, human leukocyte IFN, and Reaferon, re-
spectively (Table 2).

Thus, correlation analysis pathogenically substan-
tiates combined use of natural and recombinant IFN-a
preparations for immunotherapy of MS [13]. This ap-
proach can be used for the dynamic control and ela-

boration of methods for combined therapy of patients
with various IFN preparations or IFN and its inducers.
Moreover, IFN preparations and its inducers can sub-
stitute each other during immunetherapy.

REFERENCES

1. V. 1. Golovkin, Diagnostics and Pathogenetic Therapy of
Multiple Sclerosis, Abstract of Doct. Med. Sci. Dissertation,
St. Petersburg (1992).

2. E. 1. Gusev, A. N. Boiko, and Ch. Pozer, Zh. Nevrol. Psi-
khiatr., 99, No. 4, 33-36 (1999).

3. L. G. Erokhina, N. S. Chekneva, N. A. Kobyakina, et al.,
Vestn. Prakt. Nevrol., No. 5, 88-90 (1999).

4. F. L. Ershov and E. B. Tazulakhova, Interferon System under
Normal and Pathological Conditions, Ed. F. 1. Ershov [in
Russian], Moscow (1996), pp. 222-239.

5. T. D. Zhuchenko and 1. A. Zavalishin, Nevrol. Zh., No. 1,
37-43 (1996).

6. Yu. T. Kalinin, A. A. Vorob’ev, V. V. Bumyalis, et al., Zh.
Microbiol., No. 9, 61-67 (1990).

7. V. P. Kuznetsov, 1. V. Korobko, V. Ya. Arion, ef al., Vopr.
Virusol., 32, No. 5, 565-569 (1987).

8. M. V. Mezentseva, A. N. Narovlyansky, A. M. Amchenkova,
et al., Evaluation of Cell Sensitivity to Interferons inn Whole
Blood (Advanced Studies of IFN Status). Methodical Recom-
mendations [in Russian], Moscow (1997).

9. A. N. Narovlyansky, A. M. Amchenkova, M. V. Mezentseva,
and F. 1. Ershov, 1bid., 45, No. 3, 20-25 (2000).

10. V. D. Solov’ev and T. A. Bektemirov, Vestn. Akad. Med.
Nauk SSSR, No. 2, 19-26 (1979).

11. E. B. Tazulakhova, Materia Medica, 2, No. 10, 45-52 (1996).

12. B. T. Khaidarov, Pathogenetic Mechanisms of Multiple Scle-
rosis and Immune-Correcting Therapy. Clinical, Immuno-
logical, and Biochemical Assays, Abstract of Doct. Med. Sci.
Dissertation, Moscow (1998).

13. C. B. Cheknev, Immunologiya, No. 2, 9-17 (1994).

14. A. N. Narovlyansky, A. M. Amchenkova, M. V. Mezentseva,
et al., Rus. J. Immunol., 5, No. 2. 185-192 (2000).

15. A. Noronha, A. Toscas, and M. A. Jensen, J. Neuroimmunol.,
43, 145-153 (1993).

16. C. H. Polman, Int. MS J., 5, No. 2, 40-42 (1999).




