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IMUNOBIOTICS ARE THE NOVEL BIOTECH
DRUGS WITH ANTIBACTERIAL AND
IMMUNOMODULATORY PROPERTIES

This contribution deals with recently developed technology to obtain the novel biotech
probiotic drugs on the basis of pre-selected and characterized strains of lactobacilli and
bifidobacteria, which have antibacterial action and high level of ability to balance the
immune response in infectious and inflammatory diseases of bacterial, viral and fungal
origin by induction of various cytokines. We created an experimental model for the study
of immunomodulatory activity of probiotic strains of lactobacilli and bifidobacteria in
vitro and in vivo. We esteblished that the probiotic strains Lactobacillus acidophilus IMV
B-7279, L. casei IMV B-7280, Bifidobacterium animalis VKL and B. animalis VKB, as
well as different compositions based on probiotic strains might be promising for creating
high-effective immune biotics with antibacterial and immune modulatory effects for treat-
ments of infectious-and inflammatory diseases, caused by pathogenic and opportunistic
microorganisms.

Key words: lactobacilli, bifidobacteria, immunity, infection, diseases, biotech
drugs.

Rapid increase in number of infectious diseases caused by pathogen
and opportunistic bacteria, viruses and fungi as well as emergence of new
pathogens of mainly viral nature has been observed in the world in recent years.
These phenomena in their turn are caused by general decrease in organisms
protection abilities, spread of immune systems imbalances (depressions or
overexcitations) which are caused by environmental changes, uncontrolled
use of chemical preparations of different origin including modern antibiotic
preparations and formation of resistance to them, and negative changes to the
normal gut microbiota [6, 10, 16, 28]. Dysfunction of the immune system is
directly related to increased aggressiveness of opportunistic microorganisms
and can cause emergence of oncological diseases, chronic inflammatory and
allergic states etc. [7, 9, 12, 26].

Taking into account a constant negative influence of environmental factors
that significantly adversely affect the functioning of major systems and organs
of the macroorganism, primarily the immune system, probiotics, prebiotics
and probiotic products use in the treatment of patients with the most common
infections is becoming increasingly important. The term “probiotics” mean
pharmaceutical drugs, special foods and dietary supplements that are based on
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living cells of normal microbiota that putting a positive effect on physiological,
biochemical and immune response of the host organism under natural way by
optimizing and stabilizing functions of its normal microbiota through adhesive
immunomodulatory and antagonistic properties [7, 8, 9, 11, 14, 15, 25,27, 31].

The most promising strains of lactobacilli (LAB) and bifidobacteria for
development of probiotics are those which easily accustom to organisms,
show high antagonistic activity towards pathogenic and opportunistic
microorganisms and have immunomodulation properties related to activation
of innate immunity and balancing cytokine, that affecting development of
specific immune response [23, 27]

Today few hundreds of probiotic preparations with declared high level of
immunomodulation properties able to activate immune response mainly related
to induction of anti-inflammatory cytokines are presented on the pharmaceutical
market of developed countries. However only few probiotic strains stored
in research laboratories and only a number of ready forms of probiotic
preparations are able to balance immune response mainly through synthesis
of regulating anti-inflammatoty cytokines such as interlukin-10 (IL-10),
transforming growth factor-o, and induction of TLR-NF-kP or some CD-
antigens expression which regulate of the immune response [23]. But the actual
problem is the selection of probiotic strains and probiotic compositions with a
maximum level of induction both pro- and anti-inflammatory cytokines (IL-4,
IL-10, IL-12, interferon-y, (IFN-y)) able to align the imbalance of Th1l / Th2
immune response in case of particular level of its disorder being a result of
an infectious disease. This is the most efficient way of influencing immune
response under infectious, inflammatory and other diseases. Therefore research
and development of preparations based on human mucous tunics commensal
microbiota able to regulate immune response of an organism without side
effects which are difficult to foresee and compensate in every particular case
still is one the most important tasks of modern molecular immunology and
immunotherapy.

Over the last 10 years our efforts were aimed at the creating of a new
research-based approaches to development of technologies for production of
advanced biotechnological preparations — immunobiotics on the basis of the
LAB and bifidobacteria which have antibacterial properties and high level
ability to balance immune response by inducing cytokines of various nature
under infectious and inflammatory diseases of bacterial, viral and fungal
genesis. The objects of our study were Lactobacilus acidophilus IMV B-7279,
L. casei IMV B-7280, deposited in the Depositary of microorganisms of the
D.K. Zabolotny Institute of Microbiology and Virology, NAS of Ukraine and
also Bifidobacterium animalis VKL and B. animalis VKB.

It was established that non-pathogenic, non-toxic, genetically homoge-
neous L. acidophilus IMV B-7279, L. casei IMV B-7280, B. animalis VKL and
B. animalis VKB strains, which were not subjected to mutagenic influences
and genetic transformation, are promising to create immunobiotics with anti-
bacterial and immunomodulatory action. It was shown that the main probiotic
properties of these strains of LAB and bifidobacteria, that allow to use them
as the main component of immunobiotics, are: the ability to survive in the
harsh conditions of the gastrointestinal tract; significant biosynthetic activity
(ability to substantial synthesis of lactic acid, enzymes, which are associated
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with their cholesterol-lowering activity); middle and high adhesiveness to mu-
cosal epithelium; antagonistic activity against a wide range of pathogenic and
opportunistic microbiota; immunomodulatory properties. So, L. acidophilus
IMV B-7279, L. casei IMV B-7280, B. animalis VKL and B. animalis VKB
in vitro effectively inhibit the growth of museum and clinical pathogenic and
opportunistic bacteria strains. Most sensitive to LAB and bifidobacteria an-
tagonistic activity appeared bacteria of Staphylococcus genus. The probiotic
strains L. acidophilus IMV B-7279, L. casei IMV B-7280, B. animalis VKL
and B. animalis VKB have different sensitivity to various types of antibiotics
— cephalosporins, lincosamides, fluoroquinolones, nitrofuranus, penicillins,
aminoglycosides, macrolides, tetracyclines, glycopeptides, sulfonamides, kar-
bapenems and sulfonamides that should be taken into account for developing
of individual schemes of complex treatment, which involve combined use of
antibiotics and probiotics [17-19, 21-24, 29].

Determination of biocompatibility of L. acidophilus IMV B-7279, L. casei
IMV B-7280, B. animalis VKL and B. animalis VKB has shown that they are
not antagonists, so not inhibit the growth of each other [5]. The obtained data
showed that it is possible to combine these strains of LAB and bifidobacteria
in different compositions with different volume ratios to obtain preparation
with various probiotic properties. Inmunomodulatory activity of L. acidophi-
lus IMV B-7279, L. casei IMV B-7280, B. animalis VKL and B. animalis VKB
in vitro and in vivo is proved: in case of physiological norm they promoted
effector functions of phagocytic system cells, induced production of varied im-
munoregulatory cytokines, but in vivo left unchanged phenotypic composition
of spleen lymphocytes of the intact BALB/c mice. After use of these probiotic
strains for treatment intact mice (at the dose of 25 mcl in the amount of 4 x 108
CFU/ml to the 7-day schedule) the parameters of the peritoneal macrophages
activity such as phagocytosis and respiratory burst were increased in different
periods of observation. It was found that probiotic strains L. acidophillus IMV
B-7279, L. casei IMV B-7280, B. animalis VKL or B. animalis VKB after
administration to into intact mice did not cause a change in subpopulation of
the spleen cells: the number of CD3+-, CD4+-, CD8+-, CD19+-cells and NKC
were kept on the level of control. Increase of the immunoregulatory index in
different periods of observation under the influence of L. acidophillus IMV
B-7279 and B. animalis VKB indirectly indicate their potential ability to guide
the development of the immune response by cell type [5, 13, 21-23].

In case of physiological norm probiotic strains did not change the pro-
inflammatory cytokine production — tumor necrosis factor-a (TNF-a), however
production of other Thl-type cytokines — interferon-y (IFN-y) and / or
IL-12 production was increased and the decreasing of Th2-type cytokines
IL-4 and/or IL-10 were observed in different periods of observation [19].
We have also observed the significant increasing of IgA production in all the
mucosal sites including the popliteal, mesenteric lymph nodes, Peyer’s patches,
as well as in mucosal sites of vagina and uterus inducted by using of intravaginal
implementation LAB strains into intact mice. A fundamentally new approach
for preliminary selection of LAB strains with immunomodulatory properties to
create immunobiotics that takes into account correlation between the degrees
of rigidity of the cell wall of bacteria and their influence on the activity of
phagocytic cells (ability to accumulate NO/NO, and reactogenic oxygen
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metabolites) and production of immunoregulatory cytokines were established.
The rigidity of cell wall of LAB was distributed as follows: L. acidophilus IMV
B-7279 > L. casei IMV B-7280. Among the strains of bifidobacteria B. animalis
VKB had tougher cell wall than B. animalis VKL. It was found that effector
functions of phagocytic system cells increased in vitro intensively under the
influence of LAB strains with less rigid cell wall, which were better digested in
these cells than the strains with more rigid cell wall. However, more effective
activator of cytokine production (IFN-y and IL-12) in vitro among LAB strains
appeared strains with more rigid cell wall. It is proved that L. acidophilus
IMV B-7279, L. casei IMV B-7280, B. animalis VKL and B. animalis VKB is
biocompatible, which allows to combine these strains of LAB and bifidobacteria
with different degrees of the cell wall rigidity in different composition, thereby
getting probiotic preparation with specified properties [20].

Therefore, we detected in vitro and in vivo the potential of L. casei IMV
B-7280, L. acidophillus IMV B-7279, B. animalis VKB or B. animalis VKL
to guide the development of the immune response mainly by Thl-type, at least
in case of physiological norm. Thus, these probiotic strains were promising
to create immunobiotics with antibacterial and immunomodulatory action for
treatment of infections disease, accompanied by the development of immune
deficiency. In our further investigations the experimental model of the vaginal
staphylococcal infection in mice BALB/c for determination of the antibacterial
and immunomodulatory effect of probiotic strains of LAB and bifidobacteria
was created. S. aureus 8325-4 was used for creation of an experimental intra-
vaginal staphylococcosis model because it contain the stability plasmid to gen-
tamicin so it could be separated from other strains of staphylococci by way of
cultivation on elective nutrient medium (BAIRD-PARKER-Agar, Merck, Ger-
many) with this antibiotic. The mice received a one-time intravaginal injection
of S. aureus 8325-4 of 25 mcl (2 x 10® CFU/ml) [5].

After a single injection of S. aureus 8325-4 into the vagina the occurrence of
external clinical signs of infectious-inflammatory process such as discharge of
yellowish-greenish color, edema and hyperemia of the vulva was observed |5,
13]. Morphological features of infectious-inflammatory process in the vagina
were: significant swelling of the epithelial layer, it’s magnaview infiltration
of polymorphonuclear leukocytes and lymphoid cells, clusters of which were
found also in subepithelial areas; and moderate infiltration of inflammatory
cells in the submucosa, muscular and even adventitia shell. The development
of the inflammatory process at the local level was evidenced by the increase
in the number TL2- and TL4-positive macrophages in the epithelium of the
vaginal mucosa.

The vaginal microbiota of the infected mice was significant changed. The
S. aureus 8325-4 strain was seeded out from the vagina of these mice
throughout the observation period. The number of aerobic and facultative
anaerobic microorganisms, staphylococci, streptococci, coliform bacteria
and fungi flora after injection in vagina of the Staphylococcus infected mice
were increased. These mice demonstrated the following changes in the species
spectrum of the mucous layers of vagina: the number of LAB fell to its lowest
level; the number of P. aeruginosa and S. aureus was increased for both of
these pathogens; the number of S. agalactiae also was increased compared to
the intact mice (data non published).
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We first found that infection of mice with S. aureus 8325-4 into vagina con-
tributed to the development of ascending staphylococcal infections and led to
changes in gut because this strain of staphylococcus was seeded out from their
kidneys and intestinal contents. Unlike control group indicators, in the kidneys
of Staphylococcus infected mice the number of staphylococci was increased;
in a small number appeared streptococci, coliform bacteria and fungal flora in
the different period of the observation. It should be noted, that from kidneys of
intact mice these microorganisms were not seeded out at all. In the intestinal
contents of Staphylococcus infected mice the number of staphylococci also
increased, but the number of microorganisms that were plated on the elective
medium for streptococci and fungal flora did not change; but s the number of
coliform microorganisms decreased [5].

In the case of vaginal staphylococcal infection in mice an impairments
of immune parametrs such as decreased activity of macrophages, reduce the
number of nutural killer cells (NKC), CD3+ and CD4+ T-lymphocytes in the
spleen and droped the immunoregulatory index CD4/CD8 in different periods
of observation was observed. In the same time after injection of S. aureus
8325-4 into the vagina the imbalance of Th1/Th2 type cytokine production
at local and systemic levels with a predominance of the IL-4 production and
decreased production of the IL-12 were found. Established imbalance in
Th2/Th1-type cytokines production can be the basis of a violation in the cel-
lular immune response that was observed in cases of vaginal staphylococcal
infection [5, 13].

The probiotic strains L. acidophilus IMV B-7279, L. casei IMV B-7280,
B. animalis VKL and B. animalis VKB (individually) and in various
compositions after the administration to Staphylococcus infected Balb/c line
mice (once per day for 7 days at a dose of 5 x 10° cells/animal) had both
antibacterial and immunomodulatory properties. It should be noted, that
L. acidophilus IMV B-7279, L. casei IMV B-7280, B. animalis VKL, B. ani-
malis VKB and their different compositions in the case of the vaginal staph-
ylococcal infection caused the disappearance of the external visual clinical
signs of infectious-inflammatory process in the vagina, as well as the gradual
decrease or even the disappearance of its morphological changes in the tissue
of the vagina, starting from 1* day and during the next period of observation.
Our data indicate that the injection of L. casei IMV B-7280 into vagina and
per os is more effective in the treatment of mice with vaginal staphylococcal
infection, because in this scheme of LAB probiotic strain administration full
normalization of the morphological structure of the vaginal wall was observed.
However, morphological signs of inflammation of the vagina still remained
after the injection of infected mice with other probiotic starins (data non pub-
lished).

After use for treatmen of the probiotic starins the accelerate elimination
of S. aureus 8325-4 from the vagina, kidney and intestinal contents was ob-
served. The strains L. casei IMV B-7280, B. animalis VKL and B. animalis
VKB had more efficient antagonistic activity against S. aureus 8325-4 than
L. acidophilus IMV B-7279. The most effective antagonistic activity against
S. aureus 8325-4 was in probiotic compositions such as L. casei IMV B-7280 -
B. animalis VKL - B. animalis VKB and L. casei IMV B-7280 - B. animalis
VKL - L. acidophilus IMV B-7279.

70 ISSN 0201-8462. Mixpobion. scypn., 2017, T. 79, Ne 1



It was established that microbiota of the vagina of infected mice normalized
under the influence only of the strain L. casei IMV B-7280, and such
probiotic compositions like L. acidophilus IMV B-7279 - B. animalis VKB,
L. acidophilus IMV B-7279 - L. casei IMV B-7280, L. casei IMV B-7280 -
B. animalis VKB, L. casei IMV B-7280 - B. animalis VKB - B. animalis
VKL, L. casei IMV B-7280 - B. animalis VKL - L. acidophilus IMV B-7279,
L. casei IMV B-7280 - B. animalis VKB - L. acidophilus IMV B-7279. In
generally, the number of aerobic and facultative anaerobic microorganisms,
staphylococci, streptococci, coliform bacteria and microscopic fungi in the
vagina of the Stapphylococcus infected mice after use for treatment of the
L. casei IMV B-7280 and these probiotic composotions was decreased in
certain periods of the observations.

Vaginal microbiota of mice infected with S. aureus 8325-4 that were
administered for therapeutic purposes the intravaginal L. casei IMV B-7280
saw the following changes: the number of L. acidophilus and L. casei by the
end of the experiment was increased, the number of P. aeruginosa and S. aureus
was decreased; the number of S. agalactiae was dropped. So, it was detected
a normalization of the microbiota spectrum in the vagina of Staphylococcus
infected mice treated with probiotic strains [1-5, 13].

L. acidophilus IMV B-7279, L. casei IMV B-7280, B. animalis VKL,
B. animalis VKB strains and their different compositions iz vivo in the case of
the vaginal staphylococcal infection increased functional activity of phagocytic
system cells, normalized the amount of NKC, CD4+ T-lymphocytes in the
spleen and immunoregulatory index CD4/CDS8 [5, 13]. All of these probiotic
strains and the composition L. casei IMV B-7280 - B. animalis VKB -
B. animalis VKL directed the development of the immune response by Th1-
type, which was confirmed by increased production of IL-12 and IFN-y due
to impaired production of IL-4 in the system level. Under the influence of
L. casei IMV B-7280 the number of TLR2- and TLR4- positive macrophages
in the epithelium of the vaginal mucosa of infected mice was decreased, and
the local production of Thl-type cytokine — IL-12 was increased, and the
synthesis of anti-inflammatory cytokines — IL-10, IL-17A was suppressed at
the local levels (data non published).

In further studies probiotic strain L. casei IMV B-7280 was used in limited
clinical trials for the correction of intermediate type of biocenosis of the vagina
in women and to treat women with vaginal dysbiosis. Our data indicate a high
clinical efficacy of L. casei IMV B-7280 in the treatment of female patients with
vaginal dysbiosis and for the correction of the vaginal microbiota of women
with an intermediate type, as evidenced by normalization of the number of
LAB, bifidobacteria, staphylococci, streptococci, as well as the disappearance
of microscopic fungi and coliform flora on the background of the normalization
of the cytological picture.

As a result of our studies it was developed and approved Technical
specification of Ukrain TSU 21.1-2960512097-004:2015 “Freeze-dried
concentrate of probiotic microorganisms” about the use of L. acidophilus
IMV B-7279, L. casei IMV B-7280, B. animalis VKL and B. animalis
VKB for production of biologically active drugs, including immunobiotics
[30]. The test sample of the preparation based on L. casei IMV B-7280 was
received. Probiotic strain L. casei IMV B-7280 in limited clinical studies have
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demonstrated a high capacity for normalization the species composition of
biocenosis of the vagina in cases of dysbiosis and vaginosis. The laboratory
regulations to obtain of the “Lactokas” (PreValLac) preparation on the basis of
L. casei IMV B-7280 had been developed.

Our results confirm the validity of the requirements of the European
regulatory legislation in the field of probiotics regarding the need for
comprehensive studies of biological activity of both separate cultures and
their combinations, which would allow for the creation of effective probiotic
drugs based on monocultures of LAB and/or bifidobacteria or their various
combinations. We suggest that LAB and bifidobacteria and novel strains might
be an additional or supplementary therapy in the cases of differenty pathological
process and may have potential for preventing wide scope of immunity-related
diseases due anti-inflammatory effect. The next generation probiotics strains
should be properly studied and suggested to clinical application. Translation of
the obtained data on animal model to human organism may allow considering
diet correction with probiotics for balancing immunity, in particular in for
promotion of health based on patient profiling with relevant gut microbiome
data and immune response patterns guided physiologic diet and lifestyle in the
integrated vision of an interactome.
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IMYHOBIOTHUKMU — HOBITHI BIOTEXHOJIOTI'TYHI
NPEINAPATU 3 AHTUBAKTEPIAJIBHUMHA
TA IMYHOMOIAVJIIOBAJIBHUMU BJIACTUBOCTAMU

Pesome

Po3po0i1eHO TeXHOIIOTII0 OTPUMaHHS HOBITHIX OI0TEXHOJIOTTYHUX TPOOIOTUYHHUX TIpe-
mapaTiB Ha OCHOBI ITOTIEPETHBO BiTiOpaHMX Ta OXapaKTEPU30BAHMX IITAMIB JTAKTOOAIIMIT
i OipimobakTepiid, sIKi MarOTh aHTHOAKTEPIaJIbHY [0 1 BUCOKUI PIBEHb 3/1aTHOCTI 30a-
JIAHCYBaTH IMYHHY BiJIIOBiJb MPY 1H(EKLIIHHKUX 1 3amajbHUX 3aXBOPIOBAHHIX OakTepi-
AIBHOTO, BipyCHOTO Ta TPHOKOBOTO TeHE3y MUISAXOM IHAYKIIi IUTOKiHIB Pi3HOT IPUPOIH.
CTBOpEHO eKCIIEepUMEHTaIbHI MOJIEI JUIsSl BUBYCHHSI IMyHOMO/IYJTIOBAJIbHOI aKTHBHOCTI
MpOoOIOTHYHHUX MITAMIB JakToOanui 1 0idigobakTepiit in vitro Ta in vivo. BcTaHOBIICHO,
mo npobiotuuni mramu Lactobacillus acidophilus IMB B-7279, L. casei IMB B-7280,
Bifidobacterium animalis VKL ta B. animalis VKB, a Takox pi3Hi KOMIIO3u1ii Ha OCHO-
Bi IIUX MPOOIOTHYHMX IITAMIB € MEPCHEKTUBHUMHU JUIsi CTBOPEHHS BUCOKOC()EKTHBHUX
IMyHOOIOTHKIB 3 aHTHOAKTEPiaJbHOIO Ta IMyHOMOIYIIOBAIEHOO €0 TS JIIKYyBaHHS 1H-
(exmiliHo-3ananbHIX 3aXBOPIOBaHb, BUKJIIMKAHUX NTaTOTCHHIMH Ta YMOBHO-TTATOTeHHUMH
MIKpOOpraHi3MaMu.

Kniouosi crnosa: makrobanmmm, 6idinodakrepii, imyHiTeT, iH(ekmii, XxBopodu, 6ioTex-
HOJIOTIYHI Mpernapary.
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N UMMYHOMOAVYJIUPYIOIUMHA CBOMCTBAMH

Pesome

Pa3zpaborana TEXHOJOTHsSI MOJYYCHUS! HOBEHIINX OMOTEXHOJIOIMYECKUX MPOOUOTH-
YeCKHX IIpernaparoB Ha OCHOBE MPEIBApUTEILHO OTOOPAaHHBIX U OXapaKTePU30BaHHBIX
IITaMMOB JIAKTOOAIMIIT U OuduI00aKTepHii, KOTOpbIe 00IaJal0T aHTHOAKTEPUAIEHBIM
JICCTBUEM U BBICOKMM YPOBHEM CIIOCOOHOCTH OajlaHCHPOBaTh UMMYHHBIH OTBET MPH
WHQPEKITMOHHBIX W BOCTIATUTEIHHBIX 3a00JI€BaHUAX OaKTepHATFHOTO, BUPYCHOTO M TPHUO-
KOBOTO T'€HEe3a IyTeM UHIYKIIMH IUTOKHHOB Pa3InaHON Npupoabl. Co31aHbl SKCIEpHMEH-
TaJIbHBIE MOJCIH JUIS U3yUSHHsT KIMMYHOMOIYJIUPYIONIEH aKTUBHOCTH MPOOHOTHYECKUX
IITAMMOB JIaKTOOAIIIT U OuduaodakTepuit in vitro u in vivo. YCTaHOBIEHO, YTO TIPO-
omoTtnueckue mraMmmel Lactobacillus acidophilus IMB B-7279, L. casei IMB B-7280,
Bifidobacterium animalis VKL w B. animalis VKB, a Taxoke pa3inu4Hble KOMIIO3UIUH
Ha OCHOBE THX NMPOOHOTHYSCKHUX IITAMMOB SBJISIOTCS MEPCIIEKTUBHBIMHU IS CO3JaHU
BBICOKO?()(PEKTUBHBIX MIMMYHOOHOTHKOB C aHTHOAKTEPHUAILHBIM 1 HIMMYHOMO/TYJINPYTO-
MM JICHCTBUEM JUIsl JIeYeHHs] MHPEKIIMOHHO-BOCTIAIUTEIbHBIX 3a00JIEBaHMUH, BEI3BAHHBIX
[IATOTeHHBIMU M YCIIOBHO-NIATOT€HHBIMU MUKPOOPTaHM3MaMH.

Kniouesvie cnosa: nakrodanmnibl, Ouduaodakrepun, IMMYHHUTET, HHPEKINH, O0oie3-
HH, OMOTEXHOJIOTMYECKHUE ITperaparsl.
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