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Abstract

The immune response to the injection of the liposomal form of lytic mycobacteriophages D29 on a model of intact nonlin-
ear mice was studied. In particular, the formation of specific antibodies that could potentially inactivate the effectiveness of
the studied drug was studied using enzyme immunoassay. The level of induced antibodies to mycobacteriophage did not ex-
ceed a titer of 1:16. Inhibition of the lytic, plaque-forming activity of the bacteriophage in vitro was also found to be no

more than twice as a result of incubation with native immune plasma.
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Introduction

The uncontrollable increase in antimicrobial resis-
tance recorded in the 21st century requires the search for
new means to combat bacterial infection [1]. One of the
most promising areas is therapy using specific bacterio-
phages [2]. Historically, only a few countries in the world,
including Georgia, Russia and Poland, continue to use bacte-
riophages for therapeutic purposes, mainly for the treat-
ment of intestinal infections [3], diseases of the ear, throat,
nose organs [4], mycobacteriosis [5], etc. In silico studies
[6] the possibility of using mycobacteriophages in the treat-
ment of tuberculosis (TB) is being considered. The my-
cobactericidal effect of mycobacteriophages is due to their
ability to multiply in the presence of metabolically active M.

tuberculosis with their subsequent lysis.

To improve the penetration of mycobacterio-
phages into granulomas in order to increase their bacterici-
dal activity, packaging of bacteriophages in liposomes is
used [7]. Experimental studies [8,9] have shown a signifi-
cant lytic effect of the liposomal form of mycobacteriophage
D29, both on a model of tuberculous granuloma formed by
human mononuclear blood cells in vitro, and on a model of
tuberculosis infection in C57BL/6 mice. Considering that
bacteriophages are used to create therapeutic bioprepara-
tions [10], attention should be paid to the specific charac-
teristics of the preparations created on their basis, including
the formation of antibodies that can have a negative impact
on the effectiveness of treatment. Due to the formation of
neutralizing antibodies, the effectiveness of using bioprepa-
rations based on monoclonal antibodies, cytokines used pri-
marily for the treatment of diseases of non-infectious etiolo-
gy decreases: rheumatoid arthritis, psoriasis, cancer, etc.
[11-13]. Interaction between the pathogen and bacterio-
phages in the case of development of complex multicompo-
nent reactions in humans with subsequent feedback [10].
Due to detection of bacteriophage proteins in macroor-
ganisms, the development of characteristic antibodies is al-
so possible. There are reports of this in isolated cases of my-
cobacteriosis [14], as well as in the treatment of diseases of
other bacterial etiologies [15]. Thus, immunogenicity risks
are subject to mandatory control at all stages of the develop-

ment of biotechnological drugs [16].
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Considering that mycobacteriophage is a virus
with polypeptide proteins in its structure, the human body
can consider it as an antigen and, as a result of the immune
response, specific antibodies can be synthesized to bind to
the bacteriophage as an antigen. Based on this, a hypothesis
was formed that repeated administration of the bioprepara-
tion can be accompanied by the formation of specific anti-
bodies that bind mycobacteriophage proteins, thereby re-

ducing its effectiveness.

To test this hypothesis, the goal was set to evaluate
the formation of specific antibodies in the plasma of labora-
tory animals with repeated administration of a liposomal
preparation of mycobacteriophages and their effect on lytic

activity.

Materials and Methods

Study preparation: liposomal preparation of my-
cobacteriophage D29 with a liposome size of 0.8 pm was
produced by extrusion according to the standard technique
from a preparation of mycobacteriophage D29 purified by
ion chromatography with subsequent dialysis [8], the activi-
ty of which was 10° plaque-forming units/ml (lysis zones,
PFU/ml). The preparation was a colloidal solution contain-
ing liposomes with included bacteriophage. Inclusion of bac-
teriophage in liposomes was 40%; phage not included in li-
posomes, accordingly, constituted 60% of the total amount

of mycobacteriophage.

The studied samples: plasma of male outbred
mice, which were injected intraperitoneally with the liposo-
mal mycobacteriophage D29 at a dose of 330 mg/kg (3.3 *
10° PFU/kg) daily for 20 days - the experimental group or
solvent (phage buffer solution - FBS: 0.1 M Tris-HCl
MgSO, 0.1 M NaCl pH 7.5) - the control group. Each sam-
ple represents a plasma pool from 25 individuals of the ex-

perimental group or 10 individuals of the control group.

Microbiological Analysis

The presence of specific antibodies was deter-
mined by changing the titer and biological activity of the
mycobacteriophage after incubation with the experimental
plasma. The titer of the mycobacteriophage was determined

by tenfold titration on plates with M.smegmatis. The biologi-
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cal activity of the mycobacteriophage was determined by
multiplying the number of obtained plaque-forming units (1-
ysis zones on plates with a lawn of M.smegmatis) by the cor-
responding dilution. The preparation of mycobacteriophage
D29 with an activity of 10° PFU/ml in a volume of 10 pl was
incubated with the plasma of immune animals, animals of
the control group and with FBS - (K-) 90 pl for 30 minutes
at 37°C. The mycobacteriophage titer was then determined
by counting the colonies grown in a tenfold titration on
plates with M.smegmatis. In addition, the amount of my-
cobacteriophage D29 was determined in the titrated sam-
ples using RT-PCR.

Immunological Analysis

Determination of the presence of specific anti-
bodies using enzyme immunoassay [17]. Optimized for my-

cobacteriophages.

Pre-purified mycobacteriophage preparation with
an activity of 10° PFU/ml with carbonate-bicarbonate buffer
pH=9.6, in a 1:1 dilution was applied to the wells of a polys-
tyrene flexible plate (TiterTek) in a volume of 100 ul/well;
incubated for 2 hours in a thermostat at 37°C. Then the
wells were washed 4 times with 200 pl of FBS with 1%

Tween 20. All wells were filled with a 2% bovine serum albu-

3

min solution in a volume of 100 pl/well, incubated for 1 h at
25'C and washed once with distilled water in a volume of
200 pl/well. Then, dilutions of immune and control plasma
were prepared with a diluting buffer solution in ratios of 1:1
- 1:128, a total of 7 points, and added in duplicate to the
wells of the plate in a volume of 100 pl. After incubation for
1 hour at 37°C and washing, staphylococcal protein A conju-
gate with horseradish peroxidase P-S Paa was added to all
wells and incubated for 30 min at 37°C. Then they were
washed as standard, a substrate buffer solution was added
in a ratio of 7:1; After 30 min, the reaction was stopped to
read the optical density on a spectrophotometer (BIO-RAD
Model 680) at a wavelength of 450 nm.

Results

According to the experimental data, minor
changes were observed, within one order of magnitude, in
the activity of the mycobacteriophage when determining its
titer on a solid nutrient medium on plates with a lawn of

M.smegmatis.

The obtained data on determining the vitality of
the bacteriophage during incubation with animal plasma

are presented in Table 1 and Figure 1.

Table 1: Determination of the bacteriophage titer by a microbiological analysis

. Mycobacteriophage .
Dilution of Mycol.)acterlophage after incubation with Mycqbacten?p hag?
mycobacteriophage stock in buffer experimental plasma after incubation with
Y solution, PFU/ml PEU/ml ’ control plasma, PFU/ml
1:10 13 10 19
1:10 <150 <100 <200

Table 2 presents the results of PCR analysis of the
bacteriophage DNA content in the experimental samples. A
decrease in the amount of mycobacteriophage DNA is ex-
pressed in an increase in the threshold PCR cycles relative

to the control group by more than 1 unit.

According to the PCR analysis data, there are no
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differences in the mycobacteriophage content in the control
and experimental plasma, which confirms the absence of
the effect of antibodies on the phage DNA content.
Table 3 presents results of antibody determination
using the enzyme-linked immunosorbent assay (ELISA) -
optical density indicators in the wells of the plate for the

control and immune groups of animals
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Table 2: Threshold PCR-RT cycles for the determination of bacteriophage D29 DNA, average (n=2) standard deviation

Sample/Dilution 1:10 1:100 1:1000 |1:10000
Mycobacteriophage in buffer 31,78 35,38 36,61
solution 0,08 0,24 0,54 37,86 0,01
Mycobacteriophage with plasma of | 32,08 34,66 36,99 Mycobacteriophage DNA

. was not detected (threshold
control group mice 0,09 0,58 0,06

cycle greater than 40)

Mycobacteriophage with plasma of | 32,40 34,27 37,82
mice of the immune group 0,06 0,02 0,98

The following figures show examples of mycobac- teriophage D29 activity when interacting with blood plasma

samples from control and immune animals.

Control, activity of mycobacteriophage]|
incubated with phage buffer solution

/ﬁ&r

/'4,4..

.
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Figure 1: Representative images of mycobacteriophage D29 PFU on a solid nutrient medium with M.smegmatis after incuba-

Mycobacteriophage activity after incubation
with experimental plasma

Mycobacteriophage activity after incubation
with control plasma

tion with animal plasma after a 20-day administration of the liposomal bacteriophage preparation.

Table 3: Antibody determination. Optical density of the studied samples in two replicates by ELISA

Plasma
dilution/test Plasma of immune mice Plasma from control group mice
samples
. ... _ | average . ... _ | average
1 tit 2 tit 1 tit 2 tit

repetition | 2 repetition | repetition | 2 repetition |
1:1 0,635 0,680 0,658 0,512 0,546 0,529
1:2 0,610 0,588 0,599 0,472 0,468 0,470
1:4 0,560 0,583 0,572 0,453 0,497 0,475
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1:16 0,514 0,490 0,502 0,410 0,405 0,408

1:32 0,392 0,392 0,392 0,389 0,399 0,394

1:64 0,190 0,191 0,191 0,155 0,177 0,166

1:128 0,031 0,036 0,034 0,012 0,014 0,013
Discussion 1x10° PFU/ml.

The obtained results indicate the presence of spe- Conclusion

cific antibodies to mycobacteriophage. This may be due to
the presence of bacteriophage in the studied preparation in
a form not included in liposomes. In the study by Luvi et al.
[18], it was shown that liposomal packaging of the prepara-
tion prevents the appearance of specific antibodies. Gem-
bara K et al. [19] studied the primary immune response of
the body to bacteriophages and showed the formation of
IgM immunoglobulins after taking the bacteriophage for a
week, IgG immunoglobulins - after 2-4 weeks, IgA - after
2-3 months. Considering that the duration of therapy with
the developed preparation was 20 days, the authors detected
specific IgG. It is important to note that antibodies to bacte-
riophages are mainly polyclonal, due to the multicompo-
nent protein structure of epitopes [20] and do not always
lead to a neutralizing effect. This was proven in the de-
scribed experiment using the microbiological method of
analysis. However, the presence of such a quantity of anti-
bodies does not affect the lytic activity of mycobacterio-
phage D29 since the decrease in titer relative to the control
and control plasma is observed within the same order. The
biological activity of the phage incubated with the control

plasma was 1.9x10° PFU/ml; with the experimental one -
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The conducted experiment demonstrated the pos-
sibility of antibody formation after multiple (for 20 days,
daily) administration of a biotherapeutic drug based on my-
cobacteriophage. This is probably due to the presence of
free bacteriophage in the liposomal drug. Moderate im-
munogenicity did not affect its bactericidal activity against
mycobacteria, which indicates possible good prospects for
the future clinical use of the developed drug. The degree
and nature of the immune response are generally phage-spe-
cific [21]. In the course of clinical studies, it was shown that
the immune response to phage therapy was often lower
than expected and did not lead to a significant decrease in
the effectiveness of therapy or adverse events [22, 23]. Thus,
the results of the work are consistent with the literature da-
ta, the demonstrated moderate immunogenicity of the drug
after 20 days of daily administration is not an obstacle to
therapeutic use [24]. Moreover, the expected regimen for
the use of the drug in the clinic will be shorter and lower in
phage load, which, in turn, will have a positive effect on the
issues of immunogenicity [25]. The data presented in the
work are part of preclinical studies of the safety of therapy

using lytic mycobacteriophages.
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