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Aim. The study aimed to investigate the role of lactobacillus cell components and their effective
use in increasing the efficiency of human lymphoblastoid interferon production.

Methods. The study was conducted on the Namalva cell line, a known producer of human lympho-
blastoid IFN-a. Newcastle disease virus (NDV) was used as an inducer of interferon production
Lactobacillus cell components and metabolites cultured in MRS and its iodine- and Tween-modified
variants were evaluated as co-inductors. Macromolecular platinum complexes were used to synchro-
nize Namalva cells in the G1 phase, with synchronization assessed using flow cytometry.

Results. Lactobacillus metabolites grown in MRSjt medium substantially increased interferon
production when combined with NDV in synchronized Namalva cultures. The interferon yield
increased 16-fold relative to the control. Synchronization of Namalva cells in the G1 phase using
macromolecular platinum complex resulted in 96% of cells in the G1 phase, substantially boosting
interferon production.

Conclusions. Synchronizing Namalva cells in the G1 phase significantly improved IFN-a produc-
tion when induced with NDV. The macromolecular platinum complex effectively synchronizes
Namalva cells, optimizing interferon production. Lactobacillus metabolites from MRSjt medium
serve as cost-effective, natural co-inductors for biotechnological IFN-a production.

Key words: Lactobacillus cell components, human leukocyte interferon-alpha, namalva cell line,
macromolecular platinum complex.

Human leukocyte interferon (IFN-a) is a
type I interferon produced in response to a
viral infection as a key signal of the innate
immune response with potent antiviral,
antiproliferative, and immunomodulatory
effects. This cytokine, like other type I
interferons, binds to specific receptors on
the plasma membrane of almost all cells
in the body and is able to affect them [1].

Interferon has species specificity, which
means that only human IFN-a is suitable
for medical use. It is known that 15 genes
and 9 pseudogenes encode natural human
IFN-a and are a mixture of many proteins
with similar multifunctional properties [1].
Various biotechnological approaches are
used to produce it, including isolation from
donor blood leukocytes after stimulation
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with viruses or inducers [2, 3]. The obtained
interferon is purified, stabilized, and
prepared into dosage forms for medical
use: eye drops, ointments, creams, gels,
solutions for injection, inhalation forms, and
suppositories.

The main therapeutic properties of
exogenous IFN-o are antiviral, immuno-
modulatory, antiproliferative, and
antitumor effects. IFN can prevent the
initiation of viral matrix RNA translation
and destroy viral matrix RNA, enhance the
activity of T lymphocytes, macrophages,
and NK cells, prevent tumor growth and
metastasis, and promote tumor apoptosis.
Therefore, leukocyte interferon is used to
treat influenza, herpes, hepatitis B and C,
etc., both in mono- and complex etiotropic
therapy of viral infections. Interferon
is also effective in the prevention of
viral infections in people at high risk of
infection by inducing an antiviral state
of cells that are potentially susceptible to the
virus [4, 5].

Along with leukocytes, recombinant
IFN-a is widely used in clinical practice,
which is usually a product of only one
human interferon gene, whose DNA is
embedded in cells of bacteria, yeast, or
other organisms. Such transgenic cells,
under controlled conditions, produce the
target protein in large quantities, which
is then isolated, purified, and prepared for
medical use [6].

However, leukocyte and recombinant
human interferons have specific differences
in terms of the method of production, purity,
stability, and the possibility of medical use.
For example, leukocyte interferon contains a
mixture of different subtypes of interferons
and possible impurities from leukocyte
proteins that can cause adverse allergic or
immune reactions. Recombinant interferon
is a homogeneous product containing only
one specific subtype of interferon (e.g.,
interferon-alpha-2a or interferon-alpha-2b),
which ensures stability and predictability of
their biological action.

Leukocyte interferon may carry a risk
of transmitting infections associated with
donated blood, although modern purification
methods significantly reduce this risk.
In addition, the production of leukocyte
interferon is very complex, multi-stage,
and expensive. In contrast, recombinant
interferon is safe against infections because
it is synthesized under artificially controlled
conditions, does not depend on donor blood,
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and can be produced in large quantities at
lower economic costs.

Due to its natural origin, leukocyte
interferon has a wide range of biological
effects but can cause variability in results
due to heterogeneity of composition. In
contrast, the pharmacological effect of
recombinant interferon is more specific and
predictable, which is essential for clinical
use.

Thus, recombinant interferon is a more
modern, safe, and controlled option for
clinical use. In contrast, leukocyte interferon
has a broader spectrum of biological action
and multifunctional properties but is less
standardized and, therefore, requires
careful monitoring of dosage and regimen
[7]. Thus, natural and recombinant human
IFN-o are not interchangeable drugs, so
the development of biotechnologies for the
production of natural human interferon is
relevant today and requires new approaches
and further improvement.

An alternative approach to obtaining
natural human IFN-o with a wide range of
biological effects is to use transfected cell
cultures as producers, stimulate them to
produce interferon with viruses or inducers,
and then purify and use them for medical
use or research. Most often, the Namalwa
human lymphoblastoid cell suspension
culture is used for this purpose. According
to Welcome Research Laboratories (England,
1978), its use is justified for the production
of high-activity interferon [8]. In -the
analysis of interferon produced by Namalva
lymphoblastoid cells, it was shown that
about 85% of its total activity is due to
leukocyte-type interferon and at least 13%
to fibroblast-type interferon [9]. At the
same time, the yield of the target product
is highly dependent on the concentration of
cells in the culture, the composition of the
culture medium, the type of viral inducer,
and the time of cultivation is also essential.
Thus, in a study of the ability of various
viruses to stimulate interferon production,
it was shown that RNA-genomic viruses,
namely measles virus, Newcastle disease
virus (NDV), human parainfluenza viruses
(types II and III), Semliki forest virus,
Sendai virus (SFV) and vesicular stomatitis
virus (VSV) are able to stimulate interferon
production in Namalwa lymphoblastoid
cell culture. This culture has proven to be
the best interferon producer [10]. At the
same time, when Namalwa is cultivated in
serum-free media with a cell concentration
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of 3 to 4x10° cells/ml, the yield of the target
product is up to 10,000 U/ml of interferon
upon induction with Newcastle disease virus,
strain B1. The maximum accumulation
of interferon was obtained approximately
13 hours after induction [11]. Cultivation in
serum-free medium indicates that Namalva
cell culture did not proliferate during
interferon induction, i.e. most of its cells
were in the interphase that is most favorable
for the reproduction of RNA-genomic
viruses, of which Newcastle disease virus is
a representative.

In previous studies, we have shown that
the reproduction of RNA-genomic viruses
in synchronized cell systems is increased
relative to the control [12]. At the same time,
results showed that lactobacillus components
act as co-inducers of interferon production
during viral infections in model cell systems
[13]. Based on the above and the relevance of
developing biotechnological methods for the
production of human leukocyte interferon,
it is expected that lactobacillus components,
as a cheap inducer of natural origin, will
contribute to the efficiency of obtaining the
target product.

The aim of the study was to investigate
the role of lactobacillus cell components
and their effective use in increasing the
efficiency of human lymphoblastoid inter-
feron production.

Materials and Methods

The objects of the study were filtrates
of culture fluids of probiotic strains of
lactobacilli L. delbrueckii subsp. lactis LE
and L. rhamnosus LB3. The test objects
used in the study were the lymphoblastoid
suspension cell line of Burkitt’s
lymphoma Namalwa, substrate-dependent
transplantation culture of HEp-2 cells
strain Cincinnati, Newcastle disease virus
(NDV), vesicular stomatitis virus strain
Indiana.

HEp-2 and Namalwa cell cultures,
obtained from the cell culture bank of the
R.E. Kavetsky Institute of Experimental
Pathology, Oncology and Radiobiology of the
National Academy of Sciences of Ukraine as
cryopreserved samples, were revitalized by
the standard method and cultured for three
consecutive passages for stabilization.

Substrate-dependent HEp-2 cells were
cultured in DMEM medium supplemented
with 10% fetal bovine serum and antibio-
tics (100 U/ml penicillin and 100 pg/ml

streptomycin). The quality of cell monolayers
was monitored microscopically. The
suspension culture of Namalwa cells was
maintained in RPMI-1640 medium with 10%
fetal serum and antibiotics under standard
cultivation conditions.

For interferon induction, Namalwa cell
suspensions with at least 85-90% viable
cells, determined by trypan blue staining,
were prepared. Newcastle disease virus
(NDV) and vesicular stomatitis virus (VSV)
were used as inducers, with standardized
titers and storage conditions. Virus-
containing suspensions were aliquoted and
stored at 2—8 °C until use.

Lactobacilli were cultured in MRS-
based media, including modifications with
Tween-80 and iodized water. Structural
components (peptidoglycans, teichoic
acids, nucleotides, peptides) and exogenous
metabolites of lactobacilli were obtained via
centrifugation and standardized by protein
concentration using the Lowry method.

Synchronization of Namalwa cells
in the G1 phase was performed using a
macromolecular platinum complex (MPC)
at an optimized concentration. Flow
cytometry was used to determine the
relative number of synchronized cells. The
optimal MPC concentration allowed the
synchronization of 96% of cells without
cytotoxic effects.

Standard laboratory procedures,
including cell detachment from the growth
surface, washing, and resuspension steps,
were performed using established protocols
and omitted for brevity to maintain focus on
key experimental conditions.

Safety of work

Work with HEp-2 and Namalva cell
cultures poses a medium risk to humans,
as they are stable cell lines derived from
transformed human tissues and blood.
According to European Directive 2000/54/
EC and WHO [19], VSV and NDV belong
to safety group 1, infection with which
is very unlikely. Viruses of this group do
not pose an individual or public danger.
Therefore, work with cell cultures and
viruses was carried out in a safety level
1 (BSL-1) laboratory under aseptic
conditions in class 2A biological safety
cabinets wusing personal protective
equipment. Waste disposal was carried out
in accordance with safety requirements in
BSL-1 laboratories.
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Results and Discussion

As a result of the conducted studies, it
was shown that the optimal medium for the
cultivation of suspension culture of Namalva
cells is RPMI-1640, compared to DMEM,
with the addition of 20% conditioned culture
medium in the presence of 10% fetal serum.
This composition of the nutrient medium
allows acceleration of the recovery of the cell
pool during the current passage. Also, the
optimal for the production of interferon was
the use of a suspension at a concentration of
4x10° cells/ml. When the concentration of
producer cells was reduced or increased, the
titers of the resulting interferon decreased,
which can be explained by the insufficient
number of producer cells in the first case and
the decrease in cell viability at high density,
and as a result, the inhibition of interferon
synthesis — in the second. The obtained
results are consistent with the data of the work
[20], in which the authors show that it is the
concentration of cells (4x10° cells/ml) in the
suspension that is optimal for the preparative
production of human Ilymphoblastoid
interferon. In addition, according to the
authors, the high concentration of producer
cells does not allow for optimal purification

of the target product during its preparative
preparation.

The ability of structural components
of lactobacilli cells and their exogenous
metabolites, when cultivated on MRS
medium and its modifications: MRSj,
MRSt, and MRSjt, to act as coinductors of
interferon production stimulated by NDV
was determined. In this case, the study was
carried out at an optimal concentration
of Namalva cells of 4x10% cells/ml. The
results are presented in Table 1. It was
shown that the structural components
of Lactobacillus spp. cells or exogenous
metabolites of these lactobacilli grown
on MRSjt medium significantly enhance
the interferon-inducing effect of NDV in
Namalva cell culture, i.e., act as effective
coinductors. When they are used, the
interferon titers in the target product
increase by 8.9 times (up to 3236 U/ml) and
5.7 times (up to 2048 U/ml), respectively,
relative to the control (NDV only). At the
same time, the most effective coinductive
effect of the studied components was
observed in the structural elementsof
lactobacteria and their exogenous
metabolites grown on an MRSjt medium.
Thus, those mentioned above biologically
active components exhibit a coinductive

Table 1. Induction of lymphoblastoid interferon with different combinations
of interferon production inducers

Average values of interferon
titers, U/ml, depending
on the concentration
Interferon genesis inducers of producer cells
1-10° 4108 8108
cells/ml | cells/ml | cells/ml
NDV (Control) <2 362 256
NDV + structural components of Lactobacillus spp. cells <2 3236 2896
Ele)(xu-i— mexogenous metabolic products of Lactobacillus spp. grown on MRS -9 1024 512
Ele)(;gu-i- mexogenous metabolic products of Lactobacillus spp. grown on MRSt 9 1448 1448
g]e)(;gu-l— foogenous metabolic products of Lactobacillus spp. grown on MRSj -9 1024 1448
Ele)(;/i'u-i- Iriexogenous metabolic products of Lactobacillus spp. grown on MRSjt 9 2048 1024
MPC at a final concentration of 0.9x10! mg/ml <2 8 8
MPC at a final concentration of 0.9x10 2 mg/ml 2 32 32
MPC at a final concentration of 0.9x1073 mg/ml <2 16 4
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effect not only upon induction of interferon
production in vitro by the synthetic inducer
ryodostin, which was shown in our previous
publication [13], but also upon induction by
the NDV, a natural inducer of interferon
production.

The ability of MPC at different
concentrations to influence the induction of
interferon production in Namalva cell culture
at the corresponding cell concentrations in
suspension was investigated. The results of
the studies showed that MPC exhibits weak
interferon inducer properties, depending
on the final platinum concentration in the
producer cell suspension at their optimal
concentration (4x10°% cells/ml), the titers
of induced interferon ranged from 8 to
32 U/ml. The highest interferon-inducing
ability of this compound was demonstrated
at a final concentration of 0.9x1072 mg/ml
(32 U/ml) (Table 1). It can be assumed that
the stimulation of interferon production
by MPC, the general formula of poly{h
exakis[chloroaminoaquaplatinum(II)]}-
n-deoxyribonucleate, (chemical formula
[PtCI(NH;)(H,0)]6C39H9035N15P4;), [21] has
weak interferon inducer properties, which are
carried out through the exact mechanisms
that are known for viruses and viral double-
stranded RNA, [22].

The effectiveness of using structural
components of lactobacilli cells and lactobacilli
metabolites as coinductors of interferon
production in response to the induction of
human lymphoblastoid IFN-a in synchronized
cell culture was investigated.

Previously, the number of cells in different
phases of the cell cycle in the Namalva producer
culture after its synchronization with the MPC
was determined by flow cytofluorimetry on a
Partec Pas (Table 2).

It was shown that the most effective
induction of interferon using NDV occurred
in Namalva, synchronized in the G1 phase
of the cycle at a final concentration of MPC
of 0.9x1072 mg/ml when 96% of the culture
cells were in the G1 phase of the cycle. At the
same time, the yield of the target product
increased by 2.8 times (from 362 to 1024 U /ml)
compared to the induction of interferon using
only NDV in a non-synchronized culture,
where only 60% of the cells were in the G1
phase of the cycle. However, the use of MPC at
a concentration of 0.9x107 ! led to a decrease in
interferon production by 2.8 times relative to
the control (from 362 to 128 U/ml) due to the
toxic effect of MPC, which was confirmed by
the detection of a significant number of dead
cells in the suspension when stained with a
mortal dye. Along with this, the use of MPC at
a concentration of 0.9x1073 mg/ml led to the
synchronization of only 76% of cells in the G1
phase of the cycle, which caused an increase in
interferon production induced by NDV-only
2 times (from 362 to 724 U/ml). This can be
explained by the insufficient concentration
of MPC for synchronization. Thus, the
synchronization of producer culture cells in
the G1 phase of the cell cycle significantly
affects the output of interferon in response to
its induction by NDV.

Table 2. Induction of lymphoblastoid interferon by different combinations of interferon genesis drivers and
under conditions of synchronization of the Namalva cell line

IFN-a titers (U/ml) in culture fluid when using

Final concen- o NDYV and coinductors
tration of MCP Cell distribution by cycle phas-
during Namalva es during induction of inter- NDV + structural | VPV + exogenous
synchronization, feron production NDV components of metabolites of lacto-
g/dm lactobacilli cells bacteria cultured on
MRSjt medium
. G, (60%
No synchroniza 1(60%) 362 3236 2048
0 +17% S+23% G,M)
G (53 %) 128 512 512
-1
0.9x10 (+28% S+19G,M) toxicity, few
live cells
5 G1(96 %) 1024 512 5793
0.9x10
(+2% S+2% G,M)
i G (76 %) 724 1218 512
0.9x10
(+10% S+12 % Gy,M)
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However, the most effective induction
of IFN-a by NDV in Namalva cell culture
synchronized with MPC at an optimal
concentration of 0.9x1072 g/1 in the G1 phase
of the cycle occurred in the presence of a
coinducer, which is exogenous metabolites
of lactobacteria grown on MRSjt medium.
In this case, the yield of the target product
increases 16 times (from 362 to 5793 U/ml)

compared to NDV induction in an
unsynchronized culture (Table 2).

Thus, the conducted studies have shown
the effectiveness of using lactobacilli
metabolites as coinductors of interferon
production in response to viral induction of
human lymphoblastoid IFN-o in synchronized
cell culture. The conducted studies show
that metabolites of lactobacilli grown on
MRS medium modified with iodine and
tween can be used as a cheap coinductor
of interferon production of natural origin
in the biotechnology of obtaining human
lymphoblastoid interferon, increasing the
yield of the target product during viral
induction of interferon production in
synchronized cell systems.

Conclusions

1. Synchronization of the producer cell
culture in the G1 phase significantly affects
interferon yield in response to its induction
by the Newcastle disease virus. The use of a
macromolecular platinum complex with a DNA
polyanion at a concentration of 0.9x102 g/ dm?
allows synchronization of 96% of Namalva
cells without toxic effects.

2. Increasing the concentration of the
macromolecular platinum complex during
Namalva cell culture synchronization is toxic,
while a lower concentration is less effective.
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IIpuponuwnii i pekombinanTauit IOH-0 TI0AUHYT He € B3a€MO3aMiHHUMU JIIKapCbKUMU 3aCO0aMU, TOMY
po3pobka 6i0TeXHOJIOTiH OTPUMAaHHSI IPUPOTHOTO iHTEep(hEPOHY JIOANHY € CHOTONHI aKTyaJIbHOIO i TOTpe-
0ye HOBUX IiIXOiB Ta IMOJAJIBIITIOT0 BAOCKOHANEHHA. AJbTePHATUBHUM ITIiIX0OM 0 OTPUMAHHA IPUPO/I-
"Horo I®H-o soguHY 3 MUPOKUM CIEeKTPOM 0ioJ0oriuHOl Ail € BUKOPUCTAHHA MePenIellIIoBaHNuX KYJIbTYP
KJITUH K OPOAYIIEHTIB, IX CTUMYJISIIiS 10 IPOAYKILii iHTepdepory BipycamMu abo iHAYKTOpaMHu 3 IIOJAJb-
UM OUHUINEHHSAM i BUKOPUCTAHHAM Y MEIUUHIN IPaKTUIli a00 HayKOBUX MOCIiI:KeHHAX.

Mema. JocrifgKeHHA POJIi KOMIIOHEHTIB KJIiTUH JJaKTOOAKTEePiii Ta e)eKTUBHOTO IX 3aCTOCYBaHHA A5
TigBUIeHHS e(DEKTUBHOCTI oTpuMaHHuA JiM@pobaacToigHOTO iHTephEepOoHy JIOINHMN.

Memodu. [JocaigxeHHsa MPOBOAUIN i3 3aCTOCYBAHHAM KJIiTHHHOI KyabTypu Namalva sik mpogyiieHTa
aimgobaacroiguaoro inTepdepony. Bipyc xBopoou Heiokacia BUKOPUCTOBYBAJIM K iHAYKTOP iHTepdepo-
HoreHedy. KoiHayKkTopaMu OyJu CTPYKTYPHI KOMIOHEHTH KJIiTHH Ta MeTaboJIiTH JaKTobaKTepili, KyJIb-
THBOBAHUX Ha MoaudikoBanux cepemoBuinax MRS. Curaxponisarnio raitua y G1-dasi sgificHioBaau 3a
JIOIIOMOT0I0 MaKPOMOJIEKYJIAPHOT0 KOMILIEKCY miatunu 3 noaianionom [[THK noxi{rexcaxkuc[xaopoamino-
axBamratura(Il)]}-p-gesokcupubonyKaeaT. AHAII3 IPOBOAMIIN METOLOM IIPOTOUHOI IIUTO(MIyOPUMETPil i3
3aCTOCYBaHHAM IPOMifiio togumay.

Pesyavmamu. OnrTumisaiis CKIaAy JKUBUIJIBLHOTO cepeoBuIa Ay KaiTua Namalva Ta BUKopucTanHs
MeTaboJiTiB TJakTOOaKTEepill, BUpoIneHux Ha cepenoBuilii MRSjt, 103BoInIu OiABUIMUTHY IPOAYKTUBHICTH
inTepdepororenesy y 16 pasiB mopiBHsaHO 3 KoHTposeM. HaliBurili pesyabTaTu 0yaIu JOCATHYTI IIPU CHUH-
xpoHizarnii 96% kaitur KyasTypu y G1-dasi, 1o 3abesneuyBaiocsa 3aCTOCYBaHHAM MaKpPOMOJIEKYJIAPHOTO
KOMILJIEKCY TIJIATUHY Y HETOKCUYHIN KOHIIeHTpaIii.

Bucnosku. CuHXpOHIBZaMiag KIiTUH KyabTypu npoayunenta y G1l-dasi 3HauHO BuIuBae Ha BUXifn iH-
TepdepoHy V BiAIOBiAbL Ha HOTro iHAYKIIiI0 BipycoMm xBopobu HboKacaa. MakpoMoOJIeKYIAPHUT KOMILIEKC
miaatuuu 3 noaianionom IMHEK, moni{rexcaxuc[xsopoaminoaksamaaruna(ll)]}-u-gesoxcupubouyKiear
Y HETOKCHUUHi# KoHIleHTpalii cuuxpoHisdye 96% kiaitun kyasTypu Namalva — Bimomoro mpoayieHTa
aimobaacToigaoro inrepdepony aoguau B G1-gasi kaituaaoro mukay. MeraboaiTu JakTobaKkTepiii,
BupoIeHi Ha cepenoBuili MRSjt, MOKyTh cTaTy e(PeKTUBHUMY KOIHAYKTOPAMHU IJIs 6i0T€XHOJOTiYHOTO
oTpuMaHHA JimMdobsacToigHOT0 iHTephEPOHY JIOANHY, IIiABUIIYIOUN HOT0 IPOAYKTUBHICTD Ta 3HUIKYIOUN
BUTPATU HA BUPOOHUIITBO.

Kamwouosi ciosa: koMmnoHenTn KJituH Lactobacillus, moachbKuil JIeMKonuTapHuil iHTepdepoH-ambda,
KaiTuHHa giHig Namalva, MaKpoMOJIeKYIAPHUN ILJIaTUHOBUN KOMILIEKC.
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