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Peswome. MuTepneiikur-6 (1L-6) — MUTOKWH MIUPOKOTO CIEKTpa AeHCTBUSI, KOTOPBI y4acTByeT B UMMYH-
HOI1, HEPBHOM Y 9HIOKPUHHOMN PEryIsiliMi MHOIMX OMOJOIrMYECKUX TIpolieccoB. 1L-6 BbIMOMHSIET KaK roMe-
ocTaTuyecKkue, TaKk U MaToreHHble (PYHKIMU, B TOM YUCJIE OH SIBJISIETCS OJHUM M3 KJIIOUEBbIX YYaCTHUKOB
ouToKHOBOTO 1mTopMa mpu COVID-19, a Takke KOHTPOIUPYET BBIPAOOTKY OCJIKOB OCTPOIt a3kl IIpHM BOC-
naneHuu. [L-6 BoBjieueH B moiep:KaHue KUIIEYHOr0 rOMe0CTa3a U UrpaeT KJII0UeBYIO pOJib KaK B MHAYKIIMKU
BOCHAaJIeHUs, TAK U B BOCCTAHOBJICHUM KUIIIEUHUKA MOCJe MOoBpexAeHus. B cBolo oyepenb, KOMMeHcalbHast
MUKpPOOMOTa — HAaCEISTIOIINEe KUIISYHUK OPTaHN3Ma-X03sIMHA 3YKapHUOTHI, TIPOKAPUOTHI M BUPYCHl — IIpe/I-
CTaBJIsIeT CO00I OJIMH U3 KITI0UYEBBIX (haKTOPOB, MOIYJIMPYIOIIMX UMMYHHbBIN OTBET B KUIIeYHUKE. Tak, mpeoo-
JlajaHue onpeieIEHHbBIX TPYIIT OPTaHM3MOB CBSI3bIBAIOT C pa3BUTUEM BOCMHAJIEHUSI KUILIEUHUKA, a TPOOUOTUKU
W aHTUOMOTHUKM YCIICIITHO TIPUMEHSTIOTCS KaK ITOIIC PXKIBAOIIasl Teparus IIPY BOCHAIUTSIBHEBIX 3200/ ICBaHN -
X KueyHuka. 1L-6 HeoOxoaum 1l IoaaepKaHust 0apbepHOi GYHKLIMN KUILIEYHUKA, TOCKOJIBKY TTepeaaya
CUTHaJIa OT JAHHOTO IIMTOKWHA MOIYJIMPYET Mposindepalnio KJIETOK KUIIIEYHUKA, YTO HEOOXOAUMO TSI UX
CBOCBPEMEHHOTO OOHOBJICHMST KaK B TOMEOCTa3e, TaK M IIPU BOCHAJICHUH. YCTAaHOBIICHO, UTO TeHETUUIECKasl
nHakTuBaLus /L6 crioco6CTBYET pa3BUTHIO KUILIEYHOIO BOCMaJAeHUsI, Mpy 3ToM BKiiazd IL-6 B peryisiuio co-
cTaBa MUKPOOMOTHI OCTaeTCsl HEICHBIM. 711 M3y4eHUs1 3TOro BoIpoca ObUT MPOBEIeH aHAIM3 00pa31loB CTyja
HAMBHBIX MBIIIEH JUKOIO TUIMA W MbIei, aepuunutHbix 1o /L6 (1L-6 KO), mojiydeHHbIX Ha TeHETUYECKOM
ocHoBe C57BIl/6. YcTaHOBJIEHO, YTO Y HOKAYTHbBIX Mblllieii Ha (hoHe aeduira IL-6 HaGMoaaI0TCS 3HAYUTE I b-
Hble UBMEHEHUS B MPEACTABIEHHOCTHU OTIEIbHBIX TAKCOHOMUYECKUX T'PYII, KOTOPbIE, MPEATON0KUTEIHLHO,
1 00€eCIIeunBaloT 4yBCTBUTEIHLHOCTD 1 L-6 KO K pa3BuTuio Konuta. bouio o6HapyxkeHo, yTo y I1L-6 KO MbIeit
MO CPpaBHEHUIO C MBIIIIAMU IUKOTO TUIIa HanboJjiee CYIIECTBEHHO CHIDKAETCS OTHOCUTEBHOE COACpKaHUE
Firmicutes v Clostridiales u noBblliaetcst — Bacteroides. I1onydyeHHble HAMU TaHHbIE O CHUKEHUU TMPeICcTaB-
nenHoctu Firmicutes y mbliieii ¢ aepuuutom I1L-6, a Takke 0 CHUXKEHUU IIpeAcTaBieHHoCcTU Lactobacillaceae
M IPYTUX KPYHHbBIX TAKCOHOB FOBOPSIT O TOM, YTO KOMITO3ULIMSI MUKpOOUOThI IL-6 KO Mbliiieil oTyacTu 11o-
X03Ka Ha KOMITO3ULIMIO MUKPOOUOTHI, XapaKTePHYIO JISI XPOHUUYECKOTro BoCTajeHUsl KuilleuHukKka. Hacrosas
paboTa IIpeACTaBIsieT OCHOBY JUISI JajJbHEMIINX UCCAeA0BaHUi BKIaga 1L-6-onocpenoBaHHbBIX U3MEHEHUI
MUKPOOHOTHI B MOAIEPXKaHE TOMEOCTa3a KMIIIEUHUKA U pa3BUTUE BOCITAJICHUSI.
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Abstract. Interleukin-6 (IL-6) isa broad-spectrum cytokine involved in the immune, nervous, and endocrine
regulation of many biological processes. IL-6 performs both homeostatic and pathogenic functions. It is one
of the key factors in the cytokine storm in COVID-19, and it also controls the production of acute phase
proteins during inflammation. IL-6 is involved in the maintenance of intestinal homeostasis and is required
for both the induction of inflammation and the repair of the injured intestinal tissue. In turn, the commensal
microbiota, represented by eukaryotes, prokaryotes, and viruses, is one of the key factors modulating the
immune response in the gut. The predominance of certain groups of commensal microorganisms is associated
with the development of intestinal inflammation, while probiotics and antibiotics are successfully used to
control inflammatory bowel disease. 1L-6 is also necessary to maintain the barrier function of the intestine by
modulating the proliferation of intestinal cells, which is necessary for their timely renewal both in homeostasis
and inflammation. It has been established that the genetic inactivation of /L6 contributes to the development
of intestinal inflammation, while the involvement of 1L-6 in the control of the gut microbiota composition
remains unclear. To investigate this issue, we analyzed stool samples from wild-type naive mice and mice
deficient in /L6 (IL-6 KO) generated on the C57BI/6 genetic background. It has been determined that IL-6
KO shows significant changes in some taxonomic groups of commensals, which may explain the sensitivity
of IL-6 KO to the development of colitis. Interestingly, the relative contents of Firmicutes and Clostridiales
are significantly reduced, whereas Bacteroides are increased in 1L-6 KO as compared with wild-type mice.
Our data on the reduction of Firmicutes, Lactobacillaceae, and other large taxa in 1L-6 deficient mice suggest
that the microbiota composition of IL-6 KO mice is somewhat similar to that of mice with chronic intestinal
inflammation. Our study serves as a perspective for further research on the contribution of 1L-6-mediated
changes in the microbiota composition to the maintenance of intestinal homeostasis and the development of
chronic gut inflammation.
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Introduction

The commensal microbiota is comprised of
eukaryotes and prokaryotes inhabiting the body of a
host organism, including fungi and protozoa, archaca,
bacteria, as well as viruses and bacteriophages. The
maternal microbiota plays a key role in shaping the
commensal microbial community of the child. With
age, the composition of the microbial community
undergoes significant changes and is regulated by
many internal and external factors. Microbes inhabit
both external and internal surfaces of the human
body, including the gastrointestinal, respiratory and
urogenital tracts, skin, oral mucosa and conjunctiva,
but the main contribution to the total microbial
biomassis made by the microbiota ofthe large intestine.
Qualitative and quantitative composition varies
significantly between different individuals. However,

it is assumed that the human microbiota is represented
by the core bacteria, in particular, belonging to the
genera Faecalibacterium, Ruminococcus, Eubacterium
and Dorea (Firmicutes), Bacteroides and Alistipes
(Bacteroidetes) and Bifidobacterium (Actinobacteria),
found in most people and constituting a significant
proportion of the total number of microbial cells in
the intestine [14].

In the process of co-evolution of mammals and their
microbial symbionts, stable mutualistic relationships
were formed between them. As a result, the microbiota
began to participate in many physiological processes
of the host organism. In particular, it is necessary
for the development and normal functioning of the
immune system [12]. Disturbances in the immune
system can trigger inflammatory bowel diseases, such
as ulcerative colitis and Crohn’s disease. Disruption
in the control of microbiota by the host organism
is one of the prerequisites for the development
of inflammatory bowel disease [8]. For example,
genomic mutations associated with an increased risk
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of intestinal inflammation encode genes involved
in recognizing and destroying microorganisms, as
well as in maintaining the normal functioning of the
intestinal barrier [11].

Mouse models significantly contributed to our
understanding of the physiological and inflammatory
functions of intestinal commensals. It was demon-
strated that the microbiota is necessary for the de-
velopment of intestinal inflammation, and the use of
antibiotics facilitates the course of the disease [13].
In addition, transfer of fecal microbiota from mice
with colitis results in intestinal inflammation in
healthy recipient mice [6]. Thus, the study of the
microbiota associated with intestinal inflammation
is of particular interest. However, in addition to
studies of changes in the microbiota that occur during
intestinal inflammation, studies aimed at searching for
prognostic markers of inflammation are also relevant.

One of the key factors that maintains the barrier
function ofthe gutis IL-6. IL-6 deficiencyisassociated
with increased susceptibility to inflammation in
a mouse model of DSS-induced colitis [7], and
pharmacological blockade of IL-6 signaling in
humans is associated with an increased risk of
intestinal perforations [10]. This effect is attributed
to the ability of IL-6 to stimulate the proliferation of
epithelial cells and to prevent their apoptosis. Despite
the interest in the molecular mechanisms mediating
the protective functions of IL-6 in the context of
intestinal inflammation, the effect of this cytokine
on modulating the composition of the intestinal
microbiota has not yet been addressed. In addition
to identification of taxonomic groups composing
gut microbiota, the search for predictive markers of
intestinal inflammation, is also of particular interest
for fundamental science and medicine. The present
work focuses on the identification of bacterial groups,
which may serve as indicators of colitis development
by studying IL-6-deficient mice that are highly
sensitive to intestinal inflammation.

Materials and methods

Mice

The work was carried out on C57Bl1/6 wild-type
and /L-6 knockout (IL-6 KO) mice, generated on
C57BI/6 genetic background. Mice at the age of 6-8
weeks were obtained from the SPF animal facility of
the Institute of Cytology and Genetics of the Siberian
Branch of the Russian Academy of Sciences. They
were housed in individually ventilated Tecniplast
EMS500 cages with hygienic dust-free bedding at a
constant temperature of 21£3 °C, humidity 40+10%,
and 12-hour day/night cycles with food and water ad
libitum at the SPF animal facility of EIMB RAS

Collection of stool samples and DNA isolation

Stool samples were collected in 2 mL tubes,
DNA was isolated on the same day using the Qiagen
QIAamp Fast DNA Stool Mini Kit according to the

manufacturer’s protocol. Briefly, 1 mL of InhibitEX
buffer was added to the tube and the contents were
triturated with a plastic swab. Next, the sample was
incubated for 10 min at 70 °C and 5 min at 95 °C. It
was vigorously mixed on a vortex for 15 seconds and
centrifuged at 4 °C 14000 g for 1 minute. 600 pL
of the supernatant was transferred to a new tube
containing proteinase K, after which 600 puL of AL
buffer was added, incubated for 10 min at 70 °C, and
600 pL of 96% ethanol was added. After that, 600 pL
of the sample was transferred to a DNA extraction
column and centrifuged, the liquid was removed
from the liquid collection tube and the application
was repeated until the sample was completely loaded
on the column. Then the column was washed with
buffers AWI1 and AW2 with centrifugation for 3 min.
After that, the liquid collection tube was replaced
with a clean tube, 50 uL of ATE buffer was applied
to the column, centrifuged for 1 min to elute the
DNA. The DNA concentration was measured on an
Implen NanoPhotometer N50 spectrophotometer,
the samples were stored at -80 °C.

Real-time quantitative PCR (qRT-PCR)

To analyze the composition of the intestinal
microbiota, DNA samples were diluted with mQ
to a concentration of 10 ng/uL. The reaction mix
for one sample consisted of 4 uL qPCR premix
(Evrogen qPCRmix-HS SYBR+LowROX), 1 uL
each of forward and reverse 10 uM primers (Evrogen)
(Table 1), 12 pL mQ and 2 pL DNA. Each reaction
was run in duplicate in 96-well Applied Biosystems™
MicroAmp™ Optical 96-Well Reaction Plate, qRT-
PCR was performed on a QuantStudio 6 Pro amplifier.

In stool samples, the representation of bacterial
taxa was assessed (Table 1). The reference group was
Eubacteria (Barman et al., 2008). The amplification
mode was the same for all primers: 95 °C 5 min, 40X
(95 °C 15 sec, 60 °C 30 sec, 72 °C 30 sec).

Analysis of the relative abundance (A) of the
bacterial taxon (x) in the intestinal microbiota was
performed as follows:

A(X) = 2Ct(Eubacteria)7CT(x), where

Ct is the amplification cycle averaged over two
repetitions, at which the content of the product in the
reaction mixture reaches the threshold value (Kruglov
et al., 2013). Statistical processing of the results was
carried out using the GraphPad Prism 8 software. The
compliance of the sample with a normal distribution
was checked using the Shapiro—Wilk test. If the data
were normally distributed, statistical significance was
assessed using a t-test. A p-value less than 0.05 was
considered statistically significant.

Results and discussion

To determine the role of IL-6 in maintaining the
normal composition of the gut microbiota, DNA
was isolated from stool samples and the content
of bacterial taxa in IL-6 KO naive and wild-type

597



Tyoepunamoposa E.O. u op.
Gubernatorova E.O. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

TABLE 1. PRIMER SEQUENCES FOR DETERMINING THE COMPOSITION OF THE INTESTINAL MICROBIOTA WITH qRT-PCR

Target Primer type Sequence

Actinobacteria F TGTAGCGGTGGAATGCGC

R AATTAAGCCACATGCTCCGCT
Bacteroides F GGTTCTGAGAGGAAGGTCCC

R GCTGCCTCCCGTAGGAGT
Clostridiales F ACTCCTACGGGAGGCAGC

R GCTTCTTAGTCAGGTACCGTCAT
Enterobacteriaceae F GTGCCAGCAGCCGCGGTAA

R GCCTCAAGGGCACAACCTCCAAG
Epsilonproteobacteria F AGGCTTGACATTGATAGAATC

R CTTACGAAGGCAGTCTCCTTA
Eubacteria F ACTCCTACGGGAGGCAGCAGT

R ATTACCGCGGCTGCTGGC
Firmicutes F GGAGYATGTGGTTTAATTCGAAGCA

R AGCTGACGACAACCATGCAC
Lactobacillaceae F AGCAGTAGGGAATCTTCCA

R CACCGCTACACATGGAG
mice was studied (Figure 1). For analysis, we sele- Profeobacteria [15] — and Enterobacteriaceae —

cted groups of bacteria with relative content chan-
ges during intestinal inflammation, namely the king-
dom Firmicutes [15], its family Lactobacillaceae 9],
and the order Clostridiales [1]; Bacteroides — a
large genus of the kingdom Bacteroidetes |[3];
kingdoms of Actinobacteria; Epsilonproteobacteria

and Betaproteobacteria — classes of the kingdom
Firmicutes Bacteroides
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families of the class Deltaproteobacteria of the same
kingdom [9].

We found that the relative content of Firmicutes
and Clostridiales was significantly reduced while the
content of Bacteroides was increased in IL-6 KO as
compared with wild-type mice (Figure 1A, B, C).

A less pronounced decrease was observed in IL-6
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Figure 1. IL-6 deficiency is associated with altered gut microbiota composition in naive mice compared to wild-type control

mice

Note. Relative representation of Firmicutes (A), Bacteroides (B), Clostridiales (C), Actinobacteria (D), Epsilonproteobacteria (E), Lactobacillaceae
(F), Enterobacteriaceae (G) n Betaproteobacteria (H) in stool samples of naive IL-6 KO mice and wild-type mice. *, p < 0.05; **, p < 0.01. Data are

presented as mean and standard deviation.
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Figure 2. Altered microbiota of IL-6 KO mice may impact predisposition to intestinal inflammation

KO mice in relation to the Epsilonproteobacteria,
Lactobacillaceae, Betaproteobacteria, and Entero-
bacteriaceae (Figure 1E, F, G, H). There were no
differences in the relative content of Actinobacteria in
mice of different genotypes (Figure 1D).

Inflammatory bowel disease is associated with
a disturbance in the composition of the intestinal
microbiota, which results both in a decrease in its
overall diversity and in a change in the representation
of individual taxa of microorganisms [4]. In par-
ticular, the gut microbiota of patients with chronic
inflammation is enriched in the Profeobacteria and
Actinobacteria kingdoms, while the relative content
of the Firmicutes kingdom is, on the contrary, redu-
ced [5]. Among the Clostridiales, both pathogenic
and protective microorganisms are found; at the same
time, the decrease in Lactobacillaceae in most studiesis
associated with the development of inflammation [2].
Despite an increase in protective Bacteroides 3], a
significant decrease in Firmicutes in 1L-6 deficient
mice, as well as a decrease in Lactobacillaceae and
other large taxa, suggests that the microbiota com-
position of IL-6 KO mice is somewhat similar to the
microbiota composition characteristic of chronic
intestinal inflammation.
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control of the intestinal microbiota, while 1L-6 defi-
ciency is associated with changes in its composition.
How exactly this shift in the composition of the gut
microbiota affects the functionality of the immune
system remains unclear and needs to be further
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