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ABSTRACT. The immunotherapies, as a modern therapeutic approach, get an attention because of
theirs” promise to treat a large number of different medical disorders. Immunomodulation effects
of low titres (10 HA/ml) of NDV (Newcastle Disease Virus) ZG1999HDS or La Sota were tested on
TLT (Human macrophage cell line) bound to PBMC (Peripheral Blood Mononuclear Cells). During
the immunomodulation, the amount of NO, H202, lysozym and induced antibacterial activity
against Gram - positive bacteria (Staphylococcus aureus, MRSA, Streptococcus pyogenes, Streptococcus
agalactiae and Streptococcus mutants) and against Gram - negative bacteria (Escherichia coli, Pseudomo-
nas aeruginosa, Proteus mirabilis and Acinetobacter baumanii) were analysed. In addition, the cytokine
secretion, IL-1¢, IL-2, IL-4, GM-CSF, TNF-a, IFN-a and IFN-a were evaluated. Firstly, the TLT cells
are activated through the NDV ZG1999HDS or La Sota binding, followed by the NO “burst” and
H:0: and lysozyme level increase. Secondly, after the binding to the TLT cells and interaction with
the PBMCs, the decrease of GM-CSF, and an increase of TNF — a and IFN -y were found. Simulta-
neously, the decrease of pro — inflammatory cytokine IFN-« and the differentially increase of IL-1a,
IL-2 and IL-4 were recorded. During the induction of the antibacterial response, against Gram -
positive bacteria (Staphylococcus aureus, MRSA, Streptococcus pyogenes, Streptococcus agalactiae and
Streptococcus mutants) the effect was one third higher with NDV ZG1999HDS compared to La Sota.
Antibacterial response against Gram - negative bacteria (Escherichia coli, Pseudomonas aeruginosa, Pro-
teus mirabilis and Acinetobacter baumanii) was not so clear. In general, NDV ZG1999HDS or La Sota
activated TLT cells, further bound to PBMC; the ZG1999HDS is stronger immunomodulator than
La Sota.

Keywords: Newcastle Disease Virus ZG1999HDS; Newcastle Disease Virus La Sota; immunomod-
ulation; TLT (Human macrophage cell line) with PBMCs; Cytokines; lysozime; Antibacterial activ-
ity; Gram — positive bacteria; Gram - negative bacteria

1. Introduction

The substances interacting with the immune system with aim to increase or decrease
the host response are named immunomodulators [1, 2, 3]. They are also known as bio-
logic response modifier or immunoregulators, which function as a drug leading mostly to
a non-specific stimulation of immunological defence mechanisms of the body [4, 5]. To
enhance immune system, the agents such as chemicals, proteins and/or viruses are used
[6]. Among viruses, for the Newcastle Disease Virus (NDV) was found to have pleiotropic
immunomodulatory properties in addition to good cell-binding and selective prolifera-
tion in replicating cells. Simultaneously this virus has the ability to introduce T-cell co-
stimulatory activity and induce cytokines such as IFN-a, IFN- and TNF-a that can affect
T-cell recruitment and activation [7, 8, 9]. The cellular cytotoxicity of PBMC was enhanced

© 2021 by the author(s). Distributed under a Creative Commons CC BY license.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20944/preprints202111.0018.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 November 2021 d0i:10.20944/preprints202111.0018.v1

significantly after the co-incubation of NDV with effector’s cells [10, 11]. Through the
study, the NK (natural killer) cells were found to be the main mediator of the cell lyses.
The increased cytotoxicity also correlates with the induction of TNF-a and with the re-
duced synthesis of IFN-a in PBMC by NDV. The strain of NDV, ZG1999HDS that was
recently isolated, was patented and genetically characterized by Mazija [12, 13] and by
Nedeljkovi¢ [14]. Additionally, the strain of NDV ZG1999HDS was deposited in “Collec-
tion National de Cultures de Microorganisms (CNCM)” in the year 2013 [15] and in the
“Gene Bank” at 2014 [16]. The strain of NDV ZG1999HDS was isolated only from lung
tissue of broiler chickens suffering of a respiratory disease and was not present in the
brain tissue, as it was described by Bidin and Mazija [17]. Due to its lentogenic properties
that it caused death of 74.6% of chickens because of the virus tropism for the respiratory
system. It belongs to genotype II of class II NDV that is closely related to the strains of
NDV La Sota and Hitcher. In the same group, there are strains: La Sota, Ulster and
Queensland. Cytolytic characteristics of the strain of NDV ZG1999HDS were investigated
in vitro on tumour cell cultures and in vivo on mice’s and compared with the impact of the
strain of NDV La Sota. The strain of NDV ZG1999HDS is a relatively strong inducer of
human type I IFN, more precisely HuIFN-aN3, in the PBMCs from Human Buffy coats.
100 HA of the strain of NDV ZG1999HDS can induce 483 + 45pg/ml of the HulFN-aN3.
The RP-HPLC profile of the HUIFN-aN3 show: subtypes a1, a2, oA and a2b. [18] For the
biological activity of the NDV induced HulFN-aN3, it is important the relative ratio be-
tween the al and a2 subtypes [19].

The presented experiments were aimed to analyse the immunomodulatory activity
in vitro of the strain of NDV ZG1999HDS in comparison to the strain of NDV La Sota.

2. Material and methods
2.1. Viruses used in the experiments

The strain of NDV ZG1999HDS virus was obtained from theProf. emeritus Hrvoje
Mazija (Croatian institute for experimental and translation oncology, Koledinecka 03,
10040 Zagreb, Croatia). The strain of NDV La Sota vas obtained from different commercial
sources. Both of them were multiplied in SPF (Specific Pathogen Free) chicken embryos,
and concentrated by lyophilisation. The EIDso that was determined in the SPF chicken em-
bryos was 2.0x107 for NDV ZG1999HDS and 2.5x107 for NDV LaSota.

2.2. Tissue culture medium and cells

Eagle's medium with high content of glucose, L-glutamine, 25 mM HEPES and an-
tibiotics (Penicillin, Streptomycin and Gentamycin) and Trypsin solution were prepared
in the CIETO laboratory. FBS (Foetal bovine serum) was from Euro clone (Pero, Italy).
Human TLT (macrophage) cell line  was obtained from As. Mag. Lidija Gradi$nik from
the Institute of Biomedical Sciences, Medical Faculty in Maribor, University of Maribor,
Slovenia. The TLT cells were cultivated in Eagle's medium with a high content of glucose,
L-glutamine, 25mM HEPES and antibiotics with the addition of 10% of FBS.

2.3. Isolation of PBMC (Peripheral Blood Mononuclear Cells) from Human Buffy coats

The Buffy coats were combined and centrifuged at 1700 RPM for 20 min at 4°C. The
supernatant containing plasma and part of the leukocytes were resuspended in the PBS
containing 1% of glucose. To the sediment containing erythrocytes, lymphocytes, macro-
phages and granulocytes, the nine parts of 0.83% NHiCl (ammonium chloride) were
added. The erythrocyte lyses was performed at 4°C during 15-20 min. After this, cell sus-
pension of “black chocolate colour” was centrifuged at 2,500 RPM for 20 minutes at 4°C.
The supernatant was removed and the white cell sediments were resuspended in the PBS
(Phosphate Buffer Saline) containing 1% of glucose. Both supernatants were combined
and white cells were sediment by centrifugation at 2500 RPM for 20 min at 4°C. The per-
centage of living cells was determined by Trypan blue staining.
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2.4. Bacterial species used in the experiments

Bacterial species selected for the study, were obtained from the “Microbecollection”
at the Institute for Microbiology and Immunology, Medical Faculty,University of
Ljubljana, Slovenia. The Gram - positive bacteria were: Staphylococcus aureus, MRSA
(Metycilline Resistant Staphylococcus aureus), Micrococcus luteus, Streptococcus pyogenes,
Streptococcus agalactiae and Streptococcus mutants. Gram —negative bacteria were: Esche-
richia coli, Pseudomonas aeruginosa, Proteus mirabilis and Acinetobacter baumanii.

2.5. Cells’ treatment

In the 10.0 ml flat bottom glass vials with rubber stoppers, the Human macro-phage
(TLT) cell line was cultivated in the Eagle's medium with 10% of FBS. After reaching the
confluence, the supernatant was discharged and the 2.0 ml of PBMC suspension (10¢
cells/ml) was added. After two hours, 2.5 ml of Eagle’s medium with 2.0% of FBS was
added. To exert the immunomodulation and the antimicrobial activity, 0.5 ml of 10.0
HAU/ml of the strain of NDV ZG1999HDS or La Sota were added and vials were stored
at 37°C for 24 and 48 hours (Figure 1). All the treatments were performed in triplicate and
repeated two to three times. After the indicated time (24 or 48 hours at 37°C) the vials were
centrifuged at 1700 RPM/20 minutes, and clear supernatants were collected, filtered
through 0.2 um filters and stored before the analyses at -20°C.

10 HA/mI of NDV
ZG1999HDS
10 HA/mI of NDV A S 2
Largo‘:a Incubation 24/48 Antimicrobial
hours at 370C activity in vifro
PBMC 106 /m| jr—— : : >
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Figure 1. The immunomdulatory activity of 10HA/ml of the strain of NDV ZG1999HDS or 10HA/ml of the strain NDV La
Sota on the activation of TLT cells cultivated with the Human PMBCs.

2.6. The H20: (Hydrogen peroxide) determination

Quantity (uM/ml) of H20: produced by the cultivated cells (TLT with PBMC)
after the treatment or in untreated control was determined according to the method de-

veloped by Orsi et al. [20]. In brief: To the freshly sediment of cells (TLT with PBMC)
500.0 pl of the Phenol red solution (50 ml) containing 140.0 mM NaCl, 10.0 mM KoHPOs,
5.5 mM dextrose and 8.5 U/ml of Horseradish peroxidase. After four hours of incubation
at 37°C, 100.0 ul of 1.0 M NaOH was added, and solution was dissolved for 10 times
with 4.5 ml of saline. The optical density of the solution was measured at 620.0 nm. As

the control, 10.0 mM of H202 was used.

2.7. Lysozym determination

The amount of lysozym in the cells’ (TLT with PMBC) supernatant was determined
according to the method developed by Nash et al. [21]. In brief: one thousand CFU (Colony
Forming Units) of Streptococcus pyogenes in 200.0 pl of 10.0 mM PBS (Potassium phosphate
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buffer) (pH 7.4) and 200.0 pl of sample or 1.0, 10.0 and 100.0 pg/ml of lysozyme were
added to the 1.6 ml of MH (Mueller Hinton) — broth (pH 6.5) and incubated overnight at
370 C. On the next day, the OD was measured at 595 nm.The amount of lysozyme (uM/ml)
was calculated in comparison to the bacterial OD after 24 hours.

2.8. The NO (Nitrite) assay

The concentration of stable NO (nitrite), that is an end product of the nitric oxide
present in the supernatant of treated or untreated human macrophages (TLT
with PMBC) was measured by the method based on the Griess reaction, that
was described by More and Pai  [22]. In brief, 50ul of the cells’ supernatant was
incubated with the equal volume of Griess reagent composed from 1% of sul-
phanilamide in 2,5% HsPOs and 0,1% of NEDD (naphytyl-ethylene-diamine-di-
hydrochloride) in distilled water. Both solutions were mixed in a ratio of 1:1 at
room temperature for 30 minutes. The absorbance at 550 nm was measured in a
micro titre plate reader. The standard curve for nitrite was prepared using 10 -

100 uM sodium nitrites in distilled water.

2.9. HulFN-aN3 monoclonal ELISA

The quantity of induced HulFN-aN3 (pg/ml) was determined by Human IFN

ELISA kit »Platinum ELISA« from eBioscience (Vienna, Austria). In the assay, the
international HulFN-aN3 standard was used (Human IFN-a Platinum ELISA (BMS
216/BMS 216 TEN), Affymetrix, eBioscience, USA). The assay was performed according
to the manufacturer’s instructions, with the final reading by the ELISA reader at 620 nm
and calculating of the pg-s of HuIFN-aN3 /ml.

2.10. HulFN-aN3 RP-HPLC analysis

The HulFN-aN3 subtype composition was analyzed by the RP — HPLC (Reverse
phase high performance liquid chromatography). Different HulFN-a samples (natural or
recombinant, approximately one million antiviral units/ml) of 20 to 40 ul were applied to
the Phenomenex, Aeris PEPTIDE column 3.6pum XB-C18, 250 x 4.6 mm and eluted with
the linear gradient of solvent A = water + 0.1% of TFA and solvent C = acetonitril + 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. The
temperature of the column was 40°C. The absorbance was monitored at 214 and 280 nm.
HulFN-a interferon species in different IFN compositions were separated according to
theirs relative hydrophobic using RP-HPLC as it was described by Punainen et al.[23].

Table 1. The course of RP-HPLC chromatography of different 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

2.11. HulFN-y Mini ELISA Development Kit (Peprotech)
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The amount of HulFN-y (pg/ml) in the cell (TLT with PBMC) supernatantwas per-
formed according to the manufacturer instructions. Bind the capture antibodies
(1.0pg/ml) to the Nunc Maxisorp plates, and add the 300.0 ul of the blocking buffer.

Standard/Sample: Dilute standard (HulFN-y) from 300.0 pg/ml to zero in diluents.
Immediately add 100.0 ul of standard or sample to each well in triplicate and incubate the
plates for six hours at 37°C.

Detection: After washing the plates, dilute the detection antibodies in diluent to a
concentration of 1.0 pug/ml and add 100.0pl/well and incubate at room temperature for
two hours.

Avidin-HRP Conjugate: After washing the plates, dilute 5.5ul of Avidin-HRP Con-
jugate 1:2000 in diluent for total volume of 11.0 ml. Add 100ul/well. Incubate plates one
hour at room temperature.

ABTS Liquid Substrate: Wash and aspirate the plates two times. To the empty plates
add 100.0pl of substrate solution to each well and monitor the colour development. After,
add 10.0ul of 1.0% SDS to each well and measure the plate with the ELISA reader at 405
nm with the wavelength correction at 650 nm. The reliable standard curves are obtained
when either OD readings should not exceed 0.2 units for the zero standard concentration,
or 1.2 units for the highest standard.

2.12. GM-CSF Mini ELISA Development Kit (Peprotech)

The amount of GM - CSF (pg/ml) in the cell (TLT with PBMC) supernatant was per-
formed in the same way as in the case of HulFN-y, with the use of GM - CSF specific
capture and detection antibodies as well as specific Avidin-HRP (Horse-radish Peroxi-
dase) conjugate.

2.13. TNF-a Mini ELISA Development Kit (Peprotech)

The amount of TNF-a (pg/ml) in the cell (TLT with PBMC) supernatant was per-
formed in the same way as in the case of HulFN-vy, with the use of TNF-a specific capture
and detection antibodies as well as specific avidin-HRP (Horse-radish Peroxidase) conju-
gate.

2.14. IL-1a Mini ELISA Development Kit (Peprotech)

The amount of IL-1a (pg/ml) in the cell (TLT with PBMC) supernatant was performed
in the same way as in the case of HulFN-y, with the use of IL-1a specific capture and
detection antibodies as well as specific avidin-HRP (Horse-radish Peroxidase) conjugate.

2.15. IL-2 Mini ELISA Development Kit (Peprotech)

The amount of IL-2 (pg/ml) in the cell (TLT with PBMC) supernatant was performed
in the same way as in the case of HuIFN-y, with the use of IL-2 specific capture and de-
tection antibodies as well as specific avidin-HRP (Horse-radish Peroxidase) conjugate.

2.16. IL-4 Mini ELISA Development Kit (Peprotech)

The amount of IL-4 (pg/ml) in the cell (TLT with PBMC) supernatant was performed
in the same way as in the case of HulFN-y, with the use of IL-4 specific capture and de-
tection antibodies as well as specific avidin-HRP (Horse-radish Peroxidase) conjugate.

2.17. Antibacterial activity

The antibacterial (Gram - positive and Gram - negative bacteria) screening was car-
ried out by agar diffusion method described by Lino and Deogracious [24]. According to
theirs’ protocols the suspensions of different bacteria in saline with McFarland 0, 5 were
swabbed over the surface of the MH (Mueller Hinton) agar plate, using a sterile cotton
swab. Wells of 6.0 mm diameter were bored in the medium with the help of a sterile cork-
borer, having a 6.0 mm diameter. 70yl of different samples were filled in the wells with
a micropipette. On separate plate 70l of the control antibiotics in a concentration of 10%
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were added. The plates were left for some time till the extracts diffused into the medium,
with the lid closed, and incubated at 37°C for 72 hours. The zone of the inhibition was
measured in millimetres using a scale.

2.18. Statistics

All the treatments were performed in triplicate and repeated three to fourtimes. The
average values + SD (Standard deviation) were recorded. The obtained data were ana-
lyzed by the Two-tailed unpaired student’s t test for the groups comparing NDV1999HDS
to La Sota group. The Stat graphics stratus online statistics software (www.statgraphics-
stratus.com) from Stat point Technologies Inc.,, USA was used. Statistically significant
were differences with the p values: *=<0.05, **=<0.01.

3. Results
3.1. Determining of NO (Nitric oxide), H20: (Hydrogen peroxide) and lysozym

In case of NO, the releasing enhancement was found (7.12 pM/ml) when NDV
ZG1999HDS was used. The level of H202 and lysozyme were increased with the use of the
same virus (1.82 uM and 0.748 pg). The lysozym is the indicator of the antimicrobial ac-
tivity induction. The results are presented in the Figure 2 and Table 2.
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Figure 2. The influence of the strain of NDV ZG1999HDS or strain of NDV La Sota on the level of NO,H202 and lysozym
released from activated TLT cells cultivated with human PBMCs.

Table 2. Influence of NDV strain ZG1999HDS or NDV strain La Sota on the NO, H202 and Lysozym level.

Virus NO (uM/ml) H202 (uM/ml) Lysozym (uM/ml)
Control NO Control H:0: Control Lysozym
NDV ZG1999HDS 3+0.66 7+1,12 1+0.17 1+0.082 0.14+0.05 0.74+0.08
NDV La Sota 3+0.66 5+0.86 1+0.17 2+0.065 0.14+0.05 0.34+0.05

3.2. Activity of GM-CSF and TNF-a
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GM-CSF as proliferators of different tumour cells in vitro and in vivo was inhibited
by either NDV ZG1999HDS or NDV La Sota. The opponent TNF-a was increased, when
the NDV ZG1999HDS was used. In case of NDV La Sota the level of TNF — a was de-
creased. In Table 3 and Figure 3, there are the data about GM-CSF and TNF-a analysis.

|ENDV Z61999HDS B NDV La Sota

pgfiml
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* *
* | **
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0 T T T
Control GM - CSF Control TNF - a
(pgfml) (pg/ml) (pgfml) (pgiml)

Significant differences with the p values:xs =< .05 2+ = < 0.01

Figure 3. The influence of the strain of NDV ZG1999HDS or strain of NDV La Sota on the level of GM — CSF and TNF - a
released from activated TLT cells cultivated with human PBMCs.

Table 3. Influence of NDV strain ZG1999HDS or NDV strain La Sota on the level of GM-CSF and TNF-a.

Virus GM-CSF (pg/ml) TNF-a (pg/ml)
Control GM-CSF Control TNF-a
NDV ZG1999HDS 74 +4.21 63+4.10 140+22 179+34
NDV La Sota 74+4.21 66x+4.25 140422 122+18

3.3. Activity of IFN-y and IFN-a

When the levels of two different IFNs were studied, the following data were ob-
tained: Increase of IFN-y and decrease of pro-inflammatory IEN-a. The higher increase of
HulFN-y was found with NDV ZG1999HDS and higher decrease of HulFN-a. Data about
level of IFN-a and IFN-vy are shown in Table 4 and Figure 4. The RP-HPLC profile of NDV
ZG1999HDS induced interferon’s show the higher decrease of a2, aA and al and total
absence of a2b together with the increase of the HuIFN-y in comparison to the NDV La
Sota induced interferon’s (Figure 5).


https://doi.org/10.20944/preprints202111.0018.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 November 2021

d0i:10.20944/preprints202111.0018.v1

pgiml
160

*k

[=NDV ZG1999HDS MNDV La Sota|

140

120+

100+

80+

60

40

204

— |

Control
(pg/ml)

HulFN - ¥ Control

(pg/ml)

(pg/ml)

HulFN - a
(pg/ml)

Significant differences with the p values:x =< 0.05 »+ = < 0.01

Figure 4. The influence of NDV strain ZG1999HDS or NDV strain La Sota on the level of HulFN-y and HuIFN-a released
from activated TLT cells cultivated with PBMCs.

mALl 400

Wavelength 280 nm 4000 mAU
S With NDV induced ranin
il Russian HulFN-gN3= BN |
Ll Calbiochem Alfa A (0 A) = IR g0
100 - h Intron A (02b) = I L1000
0 Ll ) - 5
mALFEDGE —. T T P R e s e e e T e A e Dan0 imAL
Wavelength 280 nm = Wavelength 214 nm =2
300 i NDV ZG1999HDS 3000
m—— " induced HulFN-¢ N3 = mmmmm :
HulFN -7 = 2000
100 HulFN -7 1000
0 ) ;
N BRI BT LN O R e e [
Wavelength 280 nm = mmmmm |01 Wavelength 214 nm = ——] 4008 mat).
300 ' NDV La Sota -3000
induced HulFN - ¢ N3 = I '
R0 HulFN -1= =] 2000
100 PN L1000
0 -0
LB S R P G S | S SN T R (NG S S e e R S ) A AR S O s B ) (i e
0 25 5.0 7.5 10 125 15 17.5 20 min.

Figure 5. The RP-HPLC profiles of NDV ZG1999HDS or NDV La Sota induced Interferons.(A) With the NDV in-

duced Russian HuIFN-aN3;

NDV La Sota induced HuIFN-aN3 and HulFN-y.

(B) With NDV ZG1999HDS induced HuIlFN-aN3 and HulFN-y; (C) With
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Table 4. Influence of NDV strain ZG1999HDS or NDV strain La Sota on the level of HulFN-y and HulFN-a.

Virus HulFN-vy (pg/m1l) HulFN-a (pg/ml)
Control HulFN-vy Control HulFN-a
NDV ZG1999HDS 62+3.10 120+9.88 25+1.39 19+1.22
NDV La Sota 62+3.10 105+7.35 25+1.39 23+1.98

3.4. Activity of IL-1a, IL-2 and IL-4

The level of IL-1a being the cytokine inducing the “Programmed cell death« (apop-
tosis) of mostly different tumour cells was increased, similarly as IL-2 and IL-4 when NDV
(strain ZG1999HDS) was used (Table 5, Figure 6).

- |EINDV ZG1999HDS B NDV La Sota|

200 1

* * * k
* *
1801 | ‘ |

160+

],@

1404
1201
1004

80+

il

Control IL-1a Control IL-2 Control IL-4
(pg/ml) (pg/ml) (pg/ml) (pgiml) (pgiml)

(pgiml)

Significant differences with the p values:x= < 0.05 »* = < 0.01

Figure 6. The influence of NDV ZG1999HDS or NDV La Sota on the level of IL-1a, IL-2 and IL-4 released from acti-
vated TLT(Human macrophage cell line) +PBMCs.

Table 5. Influence of NDV strain ZG1999HDS or NDV strain La Sota on the level of IL-1a, IL-2 and IL-4.

Virus IL-1a  (pg/ml) IL-2 (pg/ml) IL-4 (pg/ml)
Control IL-1a Control IL-2 Control IL-4
NDV ZG1999HDS 59+6.33 68+2.11 77+4.17 108+8.42 86+9.13 164+6.11
NDV La Sota 59+6.33 62+1.86 77+4.17 79+6.15 86+9.13 110+5.14

3.5. Antibacterial activity

Concomitantly with the immunomodulation, the induced antibacterial activity
against different Gram - positive and Gram-negative bacteria was studied. The induced
antibacterial activity was compared with the NDV La Sota. In general, it can be concluded,
that NDV ZG1999HDS induced higher antibacterial activity against Gram - positive
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bacteria, than against Gram - negative one. It seems that such activity could be connected
to the lysozime content. (Table 6 Figure 7 and Figure 8)

[EINDV ZG1999HDS B NDV La Sota|
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Significant differences with the p values:*=< (.05 =+ = < 0.01

Figure 7. Induction of antibacterial activity against different Gram - positive bacteria with the strain of. NDV
ZG1999HDS or of the strain of NDV La Sota.
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Figure 8. Induction of antibacterial activity against different Gram - negative bacteria with NDV ZG1999HDS and NDV
La Sota.

Table 6. By NDV strain ZG1999HDS or NDV strain La Sota induced antibacterial activity against various Gram - positive
and Gram - negative bacteria.
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NDV NDV Penicillin Streptomycin  Gentamycin
Gram - positive bacteria ZG1999HDS La Sota
(mm) (mm) (mm)
(mm) (mm)
Staphylococcus aureus 9.0+1.6 4.0+0.5 8.0+1.3 6.0£0.3 8.0+1.3
MRSAY 14.0+2.5 6.0+0.3 4.0+0.5 3.0+0.3 13.0+2.5
Streptococcus pyogenes 7.0+1.4 4.0£0.5 12.0+2.5 14.0+2.5 18.0+3.2
Streptococcus agalactiae 7.0+1.4 3.0+0.3 8.0£1.3 16.0+2.5 14.0+2.5
Streptococcus mutants 19.0+2.5 13.0+2.5 6.0£0.3 12.0£2.5 14.0£2.5
Gram - negative bacteria
Escherichia coli 7.0£1.3 5.0+0.5 8.0+1.3 14.0£2.5 18.0+2.5
Pseudomonas aeruginosa 6.0+0.5 3.0+0.3 4.0+0.3 7.0+1.3 8.0+1.3
Proteus mirabilis 7.0+0.5 6.0+0.5 5.0+0.5 9.0£1.3 8.0+1.3
Acinetobacter baumanii 8.0+0.7 6.0+0.5 3.0+0.3 18.0+2.5 16.0+2.5

D MRSA = Metycillin Resistant Staphylococcus aureus.

4. Discussion

The results of the experiments, comparing the immunomodulatory activity of low
amount (10 HA/ml) of the strain of NDV ZG1999HDS or La Sota show in general the pri-
ority of the strain of NDV ZG1999HDS. At first, after the TLT cells activation the NO
»burst«, H202 and lysozym level increase. After the binding of both NDV viruses sepa-
rately to the TLT cells and theirs” interaction with the PBMCs, the decrease of GM-CSF
and increase of TNF — o and IFN -y was found. Concomitantly, it was found the decrease
of pro —inflammatory cytokines (IFN-a) and the differentially increase of IL-1«, IL-2 and
IL-4. During the inducion of the antibacterial response, it was 1/3 higher when it was in-
duced with NDV ZG1999HDS against Gram - positive bacteria (Staphylococcus aureus,
MRSA, Streptococcus pyogenes, Streptococcus agalactine and Streptococcus mutants). Against
Gram - negative bacteria (Escherichia coli, Pseudomonas aeruginosa, Proteus mirabilis and Aci-
netobacter baumanii) this effect was not so clear (Figure 7, Figure 8). One of possible expla-
nation is, in the level of lysozym induced by the strain of NDV ZG1999HDS in comparison
to La Sota. Although NDV causes direct oncolytic effects on tumour cells, it has also the
ability to modulate the human immune system. So, Wolska et al. [25] showed that cellular
cytotoxicity of PBMC was enhanced significantly, after co-incubation of NDV with the
effectors cells. Throughout the study, NK cells were found to be the predominant media-
tor of lyses. Indeed, NDV was found to stimulate the host immunity to produce NO and
cytokines, such as IFN-a, IFN-y, TNF-a, and IL-1, which in turn leads to the activation of
NK cells, macrophages, and sensitized T cells as it was shown by Avaki et al. [26]. There-
fore, the activated NK cells are important contributors to innate defence against viral in-
fections and through the stimulating of cytokines’ secretion, such as IL-2, IFN-y, and TNF-
a, further influencing and activating other immune cells” functions connected with cytol-
ysis so affecting the tumour cells.

5. Conclusions

The immunotherapy raised the attention of many scientists because it holds to prom-
ise to be an attractive therapeutic strategy for treating different medical disorders. In this
study, the immunomodulatory effects of low titres (10 HA/ml) of the strain of NDV
ZG1999HDS in comparison to La Sota on mixture of TLT cells with PBMC were analyzed.
The TLT activation by the NO »burst«, H2O2 and lysozym level increase. After the binding
to the TLT cells and theirs interaction with the PBMC, the decrease of GM-CSF, and in-
crease of TNF — a and IFN -y was found. Concomitantly, the decrease of pro — inflamma-
tory cytokines (IFN-a) and the selected increase of IL-1a, IL-2 and IL-4 were found. In
inducing of the antibacterial response, it was 1/3 higher, when it was induced with the
strain of NDV ZG1999HDS against Gram — positive bacteria (Staphylococcus aureus, MRSA,
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Streptococcus pyogenes, Streptococcus agalactiae and Streptococcus mutants). Against Gram -
negative bacteria (Escherichia coli, Pseudomonas aeruginosa, Proteus mirabilis and Acinetobac-
ter baumanii) this effect was not so clear. In general, the strain of NDV ZG1999HDS was
immunomodulatory stronger than La Sota in vitro.
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