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BJIMAHUE CYNEPHATAHTA BIFIDOBACTERIUM
BIFIDUM HA MOP®O®YHKLIMOHAJIbHBIE CBOUCTBA
PUBPOBJIACTOB HYEJIOBEKA B AMHAMMUKE

B 9KCMNEPUMEHTE IN VITRO

Mapxkos A.A,, Rocroaomoa E.I'., Tumoxuna T.X., Conosen I'.C.,
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@I'bOY BO «Tomenckuil eocydapcmeennblil MeOuyunckuil ynugepcumem» Munucmepcmea 30pagooxpanenusi PO,
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Pesome. B HacTosiiee BpeMss akTUBHO MIIET MTOMCK 9K30TC€HHBIX CTUMYJISITOPOB ITPOIIECCOB perapanumn
M pereHepanuu. B mocnenHue necsATuneTsi HAKOTUICHBI TaHHBbIE 00 UMMYHOTPOITHOM aKTUBHOCTH OUpU-
nobakrepuii. KitoueBast ke poib B BOCCTAaHOBJICHUHU Je(PEKTOB B 00JIaCTU paHbl MPUHAMIEKUT (prudOpobdia-
CcTaM 3a CUeT CeKpelluy KOMIIOHEHTOB BHEKJIETOUHOTO MaTpUKCa, MeTa0OJIMTOB, CUTHATHLHBIX (haKTOPOB IS
OKPYKaIOIINX KJIETOK M PEerysiiiii TKaHeBOTO MeTabonm3Ma. B paboTe mpuBeneHBI pe3yIbTaThl UCCASIO-
BaHWSI BIUSHUS cyriepHaTtanTa Bifidobacterium bifidum (10 Mxi/miT) Ha MophOodYHKIIMOHATBHBIE CBOMCTBA
(GurOpo0OIaCTOB UeIOBeKa B AMHAMMUKE B 3KCIIEPUMEHTE in vitro. B paboTe Mcnoab30BaaIu 3TAJIOHHBIN IIITAMM
Bifidobacterium bifidum 791 (Bcepoccuiickasi KOJUIEKIIMsI TPOMBIILIEHHbIX MuKpoopranuamoB ®I'YTI Toc-
HUMUN «Ienetnka», Ne nemoneHTa AC-1247), MCIIONB3YIOIIMICS MPU TIPOU3BOACTBE MpodbuoTuka «budu-
nymbaktepun» (3A0 «Bxkomnonuc», I. KoBpoB) 1 ¢puOpo06aacTbl B3pOCIOro yeaoBeka (JIMHUs kietok JIDY-
4(81)) (nmadoparopust kinerouHblx KynsTyp EHWUBU, 1. ExatepunOypr). CTpyKTypHO-(GYHKIMOHAIBHBIC
uccleOBaHUS NPOBOAWIIU Ha 1-¢, 3-u, 7-¢, 14-e, 21-e, 28-e CyTKU COKYJIBTUBUPOBaHUS. [IpOomyKThl BTOpUY-
Horo MeTtabosm3ma B. bifidum oka3swiBaloT cTpeccoBoe Bo3aeiicTBre Ha MOP(POPYHKIIMOHATIBHOE COCTOSTHIE
Gubpo06IacTOB B iepBbie CyTKU. CTUMYIMPYIOT IIPOLIECCHI Mposndepalu B KyJIbType B onbite 2,67+0,24 B
cpaBHeHUM ¢ KoHTpojeMm 0,75+0,15 (p < 0,01), He GIOKUPYH TIPU 3TOM aMONTO3 B KJIETKE. DTO MPUBOAUT K
YCUJIEHUIO TIPOYKIINY OEJTKOB BHEKJIETOYHOTO MaTpuKca, Kak kojuiareHa (rir/mi) (40019 nporus 11025
B KOHTpOJIe), TaK 1 31actuHa (Hr/mi) 395130 u 125+29). CokynsTuBupoBaHue ¢uOPO0IaCTOB B OTIBITHOM
oOpaslie B TeUeHUe CYTOK MPUBOIUT K MACCUBHOMY «cOpackiBaHUIO» perientopa CD44 (p < 0,05), B oTiu-
Yre OT KOHTPOJIsI, KOTOPOE MOATBepXKIaeTcss (peHoTUmmIyecKuMu nsMeHeHusiMu (r = 0,66). Ha 1 u 3 cyrkmn
Habmoaaetrcsa cHukeHnue CD105%, CD44" peuentopos (p < 0,05), o cpaBHEHUIO C KOHTPOJILHOI TPYIIOi
n yBenmueHue skcrpeccun CD29* (p < 0,05). AkTuBupoBaHHBIE (GHUOPOOIACTEI 001aTaI0T U3MEHEHHBIM
CEKPETOPHBIM (PEHOTUTIOM, TTPOAYLIMPYIOIIUM LIUTOKMHBI pa3nuyHoi HanpaBieHHocTu TGF- (r = 0,78),
IL-6 (r = 0,57), IL-1B (r = 0,75), I1L-8 (r = 0,63). MakcumajbHas ajanTalus KJIeTOK B OIBbITHON CUCTe-
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Me PEerucTpupyercs Ha 7-€ CYTKH, YTO KoppeaupyeT ¢ MopdoMeTpudeckum (r = 0,59) U HUuTOMEeTpUIECKUM
(r =0,71) uccnenoBanussMu. IloxydyeHHbIe TaHHBIE CIIOCOOCTBYIOT IIOHUMAaHUIO MEXaHU3MOB UMMYHOpPETY-
JISITOPHOTO BJIMSTHUSI HOPMOOUMOTHI (Ha MoJieIu Oupura00aKTepuil) Ha TpoLIECChl perapaiuu U pereHepanuu.

Karoueswie crosa: ¢hubpodracmot, Bifidobacterium bifidum, yumokurul, Koanaeen, 31acmuH, NPOMOYHAS YUMOMEMPUsL

EFFECT OF BIFIDOBACTERIUM BIFIDUM SUPERNATANT ON
THE MORPHOLOGICAL AND FUNCTIONAL CHARACTERISTICS
OF HUMAN FIBROBLASTS IN REAL TIME DURING AN IN VITRO
EXPERIMENT

Markov A.A., Kostolomova E.G., Timokhina T.Kh., Solovyev G.S.,
Paromova Ya.l,, Polyanskikh E.D., Voronin K.A.

Tyumen State Medical University, Tyumen, Russian Federation

Abstract. Currently, there is an active search for exogenous stimulators of repair and regeneration processes.
In the recent decades, some data on the immunotropic activity of bifidobacteria have been accumulated. The
key role in healing of wound defects belongs to fibroblasts due to the secretion of the extracellular matrix
components, metabolites, signal factors for the surrounding cells, and tissue metabolism regulation. The
paper presents the results of the study of the effect of Bifidobacterium bifidum supernatant (10 ul/mL) on the
morphological and functional properties of human fibroblasts in real time during the in vitro experiment. In
our work, we used the reference strain B. bifidum 791 (All-Russian Collection of Industrial Microorganisms
of the State Research Institute for Genetics and Selection of Industrial Microorganisms “Genetika”, Deposit
No. AS-1247) used in the production of the probiotic product “Bifidumbacterin” (ZAO “Ecopolis”, the city
of Kovrov), and adult human fibroblasts (cell line LECH-4 (81)) (laboratory of cell cultures ENIIVI, the city
of Yekaterinburg). Structural and functional studies were conducted on co-culture days 1, 3, 7, 14, 21, and 28.
The products of B. bifidum secondary metabolism have a stressful effect on the morphological and functional
state of fibroblasts on the first day. The processes of proliferation are stimulated in the culture in the experiment
(2.67£0.24) compared with the control group (0.75+0.15) (p < 0.01) without blocking apoptosis in the cell.
This leads to the increase in the production of extracellular matrix proteins, both collagen (pg/mL) (400£19
against 11025 in the control group), and elastin (ng/mL) 395+30 and 125%29). Co-culture of fibroblasts
within 24 hours in the experimental sample leads to a massive “release” of the CD44 receptor (p < 0.05),
compared to the control group which is confirmed by phenotypic changes (r = 0.66). The decrease of CD105%,
CD44" receptors (p < 0.05), compared with the control group and the increase of CD29* expression (p < 0.05)
is observed on days 1 and 3. Activated fibroblasts have an altered secretory phenotype that produces cytokines
of various types such as TGF-p (r = 0.78), IL-6 (r = 0.57), IL-1B (r = 0.75), IL-8 (r = 0.63). The maximum
adaptation of cells in the experimental system is registered on the 7th day, which correlates with morphometric
(r=10.59) and cytometric (r = 0.71) studies. The received data contribute to understanding of the mechanisms
of the immunoregulatory influence of normal biota (in the bifidobacteria model) on the repair and regeneration
processes.

Keywords: fibroblasts, Bifidobacterium bifidum, cytokines, collagen, elastin, flow cytometry

Introduction

Wound healing is a highly dynamic process,
which involves complex interactions of extracellular
matrix molecules, soluble mediators, and various
resident cells [11]. The key role in wound repair
belongs to fibroblasts that provide collagen to the
new extracellular matrix and produce a number
of cytokines, chemokines and growth factors in
response to tissue damage [12]. Currently, there is an
active search for exogenous stimulators of repair and
regeneration processes. In the recent decades, some

data on the immunotropic activity of bifidobacteria
have been accumulated [8]. Our pilot study confirms
the immunomodulatory function of Bifidobacterium
bifidum, which regulates the balance between Th1 and
Th2 immune response [5]. The published studies have
shown that probiotics, especially the Bifidobacterium
bifidum genus, can stimulate fibroblast migration and
proliferation as well as the formation of new blood
vessels during the wound healing process [7]. In view
of the above, the interest in further research into the
reparative and regenerative properties of probiotic
bacteria is obvious.
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The aim of the research was to study the effect of
Bifidobacterium bifidum (B. bifidum) supernatant on
the morphological and functional characteristics
of human fibroblasts in real time during the in vitro
experiment.

Materials and methods

The reference strain B. bifidum 791 (All-Rus-
sian Collection of Industrial Microorganisms
of the State Research Institute for Genetics and
Selection of Industrial Microorganisms “Genetika”,
Deposit No. AS-1247) utilized in the production of
“Bifidumbacterin” probiotic was used in our study.
The B. bifidum supernatant was obtained by the
method described previously [13].

Adult human fibroblasts (LECH-4(81) cell line)
(Laboratory of Cell Cultures, Yekaterinburg) were
cultured in DMEM/F12 medium containing 2 mM
L-glutamine and 10% fetal calf serum. Fibroblasts were
seeded on Petri dishes at a density of 1 x 10° cells/cm?
and placed in standard conditions of CO, incubator
B 52 (BINDER GmbH, Germany). Live imaging of
fibroblasts was performed using a Nikon Ts2 inverted
microscope (Nikon Corp, Japan) using NIS-Elemnts
D 5.30.00 (Assembly 1531) 64-bit software with a
Nikon Ts2 inverted microscope (Nikon Corp, Japan),
and NIS-Elements D 5.30.00 (assembly 1531) 64-bit
software.

The proliferative activity was studied according
to the time of cell population doubling and the state
of their cell cycle [6]. The expression of specific
surface cell markers was assessed by fibroblasts
immunophenotyping using the CytoFLEX flow cy-
tometer. For this purpose, the cells were removed from
the surface of the plastic using a 0.25% trypsin-EDTA
solution with Hanks salts (PanEco, Russia), washed
out of the culture medium and the enzyme, and then
their number was counted.

The monoclonal antibodies used in this work were
as follows: CDI105-FITC (endoglin, a coreceptor
to transforming growth factors (TGF) 1 and B3),
CD90-FITC (thymocyte differentiation antigen 1),
CD45-FITC (common leukocyte antigen), CD34-
FITC (intercellular adhesion molecule), HLA-
DR FITC (major histocompatibility complex DR
molecule), CDI14 (membrane glycosyl-phospha-
tidylinositol-related protein expressed on the surface
of monocytes), CD44-FITC (transmembrane gly-
coprotein), and CD29-FITC (B1 integrin subunit)
(BD Bioscience, USA). The cell suspension was
incubated with antibodies in the dilutions recom-
mended by the manufacturer for 30 min at room
temperature. After that, it was washed from
the antibodies not bound to the antigen by the
CellWash solution (Becton Dickinson, USA). Cell
viability was determined using the colorimetric
analysis of MTT 3-(4.5-dimethylthiazol-2-yl)-1.5-
diphenyltetrazolium bromide [1].

Fibroblast supernatants were selected on incuba-
tiondays 1, 3, 7, 14, 21, and 28, passed through a filter
with a pore diameter of 0.22 um (GE Osmonics, USA),

and stored at -80 °C. The concentration of elastin,
collagen type 1 (COLI1), and soluble CD44var (v6)
was determined by enzyme immunoassay (ELISA)
using Invitrogen test systems, Thermo Fisher,
USA), according to the manufacturer’s method.
The determination of cytokines (IL-18, 1L-6, 1L-8,
I1L-10, TGF-B, IL-18 and IL-19) was conducted by
ELISA method: IL-1pB, IL-6, IL-8, IL-10, TGF-p,
IL-18 and IL-19 using a standard set of reagents by
“Protein Contur” Ltd (Russia) in accordance with
the manufacturer’s instructions. The results were
registered in a Multiskan photometer (Labsystems,
Finland).

Preparation of fibroblast culture for experimental
conditions

The following factors influence the growth rate
and properties of fibroblasts in culture: the number
of passages, method of cultivation, type of media
and sera used. The obtained cellular population is
heterogeneous (small spindle-shaped progenitor cells;
larger spindle-shaped maturing cells; large mantle-
like mature fibrocytes).

The main pool of cells is in GO-phase, 9.5 to 19%
of culture is in the process of constant division, the
DNA index is 1.96 on the average, which corresponds
to the characteristics of differentiated fibroblasts.

An important feature that characterizes the
functional state of the cell population is the synthesis
of extracellular matrix proteins. Fibroblasts lose
this ability during long cultivation, and the risk of
accumulation of chromosomal abnormalities in the
cells arises [9]. Considering the above, the fibroblasts
were taken into the experiment after 5-6 passages [2].

MTT analysis was carried out for the determina-
tion of the optimal dose of B. bifidum supernatant. The
results obtained by co-culturing of fibroblasts with
B. bifidum supernatant showed that the maximum cell
proliferation was at a supernatant concentration of
10 ul/mL (p=10.011). Each experiment was replicated
3 times with duplication of analytical measurements
(n-3).

The design of the experiment:

1. Control group;

2. Co-culture of fibroblasts with B. bifidum su-
pernatant at a concentration of 10 pul/mL.

Data distribution was evaluated using the Kol-
mogorov—Smirnov test (one-sample and two-sample
tests). The data were expressed as mean value =+
standard deviation, and analyzed using a t-test for the
paired sample. p < 0.05 was considered statistically
significant. The SigmaPlot software (version 12.0) was
used for representation of data.

Results and discussion

Fibroblasts in vitro are characterized by plasticity
and a variety of forms (oval, polygonal, fusiform,
dendritic) [4]. The morphology of fibroblasts after
24-hour co-culture with B. bifidum supernatant
was different from cells cultivated under normal
conditions. The cells were in both suspended (dead)
and adherent states. The number of viable cells in
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the experiment was 48% %9, and 90% +3 was in the
control group, respectively. Microscopy showed small
rounded cells: prefibroblasts with a high proliferative
potential. The population in the control group was
heterogeneous (small spindle-shaped progenitor
cells and larger spindle-shaped maturing cells; large
mantle-like mature fibrocytes). After 3 days of co-
culturing, spindle-shaped cells, with outflowing thin
long processes, and spindle-shaped actively dividing
progenitor cells were observed. Both large spindle-
shaped maturing cells and mature spindle-shaped
fibroblasts were observed after 7 days of co-culturing.
From the 14" day of cultivation in the experimental
and control samples, cells were spindle-shaped with a
large ellipsoidal nucleus.

The proliferation index increased after 24-hour
co-culture in the experiment (2.67£0.24) compared
with the control group 0.75%£0.15 (p < 0.01), then
gradually decreased by the 7" day (1.13%£0.09) that
corresponded to the control group (1.03+0.1). The
decrease of the proliferation index in the compared
groups was observed from the 21% day reflecting the
morphological and functional state of fibroblasts.
The high proliferation index as well as the increased
production of extracellular matrix components can
presumably be explained by the mechanisms of cell
adaptation to co-culture conditions [3]. Apparently,
at the initial stage of co-culturing, the culture
medium when supernatant is added is “stressful” for
the fibroblasts, and the state of the cells themselves
during this period is shocking. Then, some time is
spent for the preparation and carrying out of adaptive
“measures” due to which it is possible not only to avoid
complete death of cells, but also to create conditions
for stimulation of proliferative process, reducing high,
at first obviously “cytotoxic” effect.

The functions of fibroblasts are as follows: the
synthesis of extracellular matrix proteins (collagen of
several types), the main component of the intercellular
substance (elastin), and the metabolism of hyaluronic
acid, as evidenced by the concentration of soluble
CD44.

The reliable increase in the concentration of
both collagen and elastin in the supernatant when
compared with the control group is observed during

the first day of co-culturing (Table 1). The increase in
the synthesis of extracellular matrix materials by the
fibroblasts in the control group and their decrease in
the experimental group to the level of control indices
is observed by the 3™ day. The decrease in the synthesis
of collagen and elastin to the minimum indices is
registered on the 28™ day and observed in both studied
groups during subsequent cultivation (7, 14, 21 days).
The results obtained show the aging of the fibroblast
culture in the studied groups, which is confirmed by
morphological changes [10]. Co-culturing fibroblasts
in the experimental sample for a day leads to a massive
“release” of the CD44 receptor (Table 1), in contrast
to the control, which is confirmed by phenotypic
changes (r = 0.66) (Figure 1). However, on the 3
day we observed a decrease in the studied marker
in the supernatant, which reflects, in our opinion,
the adaptation of the fibroblast culture to the new
conditions of cultivation.

Maximum cell adaptation in the experimental
system was recorded on day 7, which correlates with
morphometric (r = 0.59) and cytometric (r = 0.71)
studies. Aging of fibroblast culture was detected
starting from the 21% day of cultivation, which was
confirmed by a sharp increase in the concentration
of soluble receptor CD44 (r = 0.88). The stimulation
by the supernatant (10 pul/mL) leads to significantly
higher levels of cytokine release in the first day of co-
culture compared to unstimulated cells. Among the
tested 7 pro- and anti-inflammatory cytokines, the
results of only 1L-1B, IL-6, 1L-8, and TGF- were
significant (* p < 0.05, ** p < 0.01, *** p < 0.001).

The immunophenotype of fibroblasts allows
evaluating their antigenic profile. The subpopulation
composition of the fibroblast culture is characterized
by the expression of mesenchymal (CD44, CD29,
CD90, CD105) and the absence of epithelial, hema-
topoietic leukocyte and activation markers (CD14,
CD34, CD45, and HLA-DR) [9].

All mentioned above has been confirmed by the
analysis of the expression of specific cell surface
markers during co-culture with B. bifidum supernatant.
A decrease of CD105%, CD44" receptors (p < 0.05),
compared with the control group, and an increase
of CD29* expression (p < 0.05) was observed on the

TABLE 1. CHANGES IN THE CONCENTRATION OF TYPE | COLLAGEN, ELASTIN, SOLUBLE CD44 BY FIBROBLAST
CULTURE UNDER CONDITIONS OF CO-CULTURE BY B. bifidum SUPERNATANT

Days of cultivation

1 3 7 14 21 28
Type | collagen, | Experiment 400+19* 362+24# 148+13*# 54+10% 17+4% 5.0+0.2*#
pg/mL Control 110425 364+25% 210+21# 49+11# 18+2% 0#
Elastin, Experiment 395+30* 190+17*# 92+19* 32+5* 10+3* 3.0+0.2%#
ng/mL Control 170119 262+24# 108+13* 34+10% 12+2# o* #
Soluble CD44, Experiment 1945 7.0£1.2*# 4.0+0.02% 9.0+1.2% 18.0£1.9% 25.0+4.2%
ng/mL Control 5.0+0.4 3.00+£0.03#| 3.0+0.06 | 10.0+1.4# 15.0+2.2% | 29.015.4#

Note. *, reliable differences between control and experimental groups, p < 0.05, n = 15. #, reliable differences from days 1 to 28

in experimental and control groups, p < 0.05, n=15.
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Figure 1. Expression of CD90 CD29 CD44 CD105 markers during co-culture with B. bifidum supernatant

Note. The dependence of the expression level of mesenchymal markers over fibroblasts on the time of incubation of fibroblasts with B. bifidum
(10 pl/mL) supernatant. Isotype control group is represented by cells treated only by secondary fluorescently labeled antibodies only. Control
group does not contain B. bifidum supernatant. The results of the average value from three independent experiments are presented; error bars
correspond to the standard error of the mean. Statistical reliability of differences between the experimental and control groups was tested using

Student’s t-test, *corresponding to p < 0.05.

It and 3™ days. Recovery of the number of CD105%,
CD44*, CD29" receptors was observed by the 7" day
of co-culturing of fibroblasts with the supernatant
(Figure 1). Activated fibroblasts have an altered
secretory phenotype producing cytokines TGF-f3
(r=0.78), IL-6 (r = 0.57), IL-1B (r = 0.75), IL-8
(r = 0.63), which promote proliferation and mediate
the recruitment of other cell types to the damaged
tissue. Fibroblasts classically function in acute wound
healing by becoming “reversibly” activated, secreting
extracellular matrix to heal the wound.
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