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NPOAYKTbI KULLEYHbIX BAKTEPUIA BUY-
UHOULIMPOBAHHBIX NALUUEHTOB NPENATCTBYIOT
PEFEHEPALIUU CD4*T-JINM®POLIUTOB

Ropoaescrkas JI.B., Caiimakosa E.B., llImareasr H.I'., Illmareas K.B.
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DI'BYH «Ilepmckuil hedepanvhbiii uccaedosamenvckuii yeump» Ypanockoeo omoenenus: Poccuiickoii akademuu HayK,
2. Ilepmo, Poccus

Pesome. ¥V yvactu BUY-uHdrimpoBaHHBIX O0JIBHBIX, HECMOTPS Ha MOAABJICHUE PEIUIMKALIMU BUPYCa Ha
(doHe TTpuemMa aHTUPETPOBUPYCHBIX MPENapaToB, He MPOUCXoAUT 3(DHEKTUBHOTO NPUPOCTA Yunca rnepude-
pudyeckux CD4*T-mumMbonuToB (MMMYHHBI HEOTBET Ha Teparnuio). OmMHUM 13 3HAYMMBIX (PaKTOPOB B pa3-
BUTUU UMMYHOJIE(PUIIMTA CYUTAETCS UMMYHHAs aKTUBaLUs, TPUYUHON KOTOPOW, CPEAr TIPOUUX, SIBIISIETCS
MOCTYIUIEHUE B KPOBOTOK OaKTepUATBbHBIX IPOAYKTOB B PE3yJbTaTe HAPYUICHUS LEJIOCTHOCTU KUIIEYHOTO
G6apbepa. Kpome Toro, Mukpodaopa KuilledHrMKa MPOAYyLUPYeT pa3IndyHble PACTBOPEHHBIE BEIIECTBA, KOTO-
pble MOTYT HaKaIJIMBaTbCSI B KPOBU U MPOSBISITh TOKCUYECKUE CBOMCTBA. Llenpio HacToseil padboTel Obl1a
OLIEHKA BJIMSIHUS MUKPOOHBIX MPOAYKTOB KUIIIEYHOTO MPOUCXOXKIEHUS — Mapakpe3oJl cyjibdara U UHAOK-
cun cynbdarta — Ha uuciio CD4T-muMmdonmtoB BUY-3apaxkeHHBIX TTAIIMEHTOB, MOIYJYalOIINX aHTUPETPO-
BUPYCHYIO Tepanuio. O0beKTOM UCCIeI0BaHUS ClTyXuia nepudepudeckas kpoBb BUY-nHbuULIMpoBaHHBIX
CYOBEKTOB C pa3InyHOU 3(PPHEeKTUBHOCTHIO BOCCTAHOBJIEHUSI UMMYHHOW CUCTEMbl Ha (DOHE MPOBOAUMOMN
Tepanuu U HeMHGUIMPOBaHHBIX JoHOPOB. KoHuenTpanus IL-6 (p = 0,012), IP-10 (p = 0,0004) u sCD14
(p =0,003) B mna3zme kpoBu BUY-3apaxkeHHbIX UMMYHHBIX HEOTBETYMKOB ObLjIa MOBBIIIEHA IO CPABHEHUIO C
COOTBETCTBYIONIMMU TTOKA3aTeIsIMU U] ¢ 9(PHEKTUBHBIM BOCCTaHOBIIeHUEM uncieHHocTH CD4*T-kieTok
(MMMYHHBIE OTBETYMKU). XOTs 00e rpynnbl BUY-n03UTUBHBIX CYyOBEKTOB HE Pa3invyalvuch MO YPOBHIO JIK-
nononucaxapuna u [-FABP B miasme kpoBu, conepxkaHue mapakpesont cyabdara (p = 0,001) u unnokcun
cynbdara (p = 0,042) y UMMyHHBIX HEOTBETYNKOB OBITIO yBeIUUeHO. B akcriepuMeHTax in vitro 6uU10 ycTa-
HOBJIEHO HETraTUBHOE J0303aBUCUMOE BIUSTHUE MAapaKpe30J1 cyJib(aTta 1 MHIOKCUI cybdaTa Ha JKU3HECTO-
COOHOCTh U MUTOTHYECKYIO aKTUBHOCTh CD4* T-nmumdboruroB. Takum odpazom, y BUY-uHbDUIIMPOBAaHHBIX
MalMeHTOB ¢ HapyleHHo! pereHepanueit CD4*T-1umdonmnTos Ha (hoHe TTPOBOAMMOI aHTUPETPOBUPYCHOM
Tepanuu OTMevYaeTcs 00see BBICOKUI YPOBEHb CUCTEMHOTO BOCHAJIEHUS, YEM Yy CYOBEKTOB, OTBEYAIOINX Ha
JnedeHue ripupoctoM ynciaeHHoctn CD4*T-xiteTtok. BeIipaskeHHOCTDb TTIOBPEXICHUs KUIIIEUHOTO Oaphepa 1
Harpy3ka 0akTepuaJibHbIMU KOMIIOHEHTAMU, BBIXOISIIMMU B KPOBOTOK, Y BMY-3apakeHHBIX JUIl C pa3-
JIUYHOU 2(HEKTUBHOCTHIO BOCCTAHOBIIEHUS UMMYHUTETA B OTBET HA JIeUeHUE NPUMEPHO OJuHaKoBasd. [1pu
3TOM IUIa3Ma KPOBU MMMYHHBIX HEOTBETUMKOB 3HAYUTEIBHO OOOralieHa MUKPOOHBIMU MPOAYKTAMU KU-
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LIIEYHOTO MPOMCXOXKAEHUS: Mapakpe30y Cyab(aTtoM U UHAOKCUI CyJib(aToM. BrIsBIeHHOE B IPUCYTCTBUE
JTAHHBIX TOKCUHOB CYIIIECTBEHHOE CHIXKEHUE TiposindepaTuBHON cnocodHoctn CD4*T-ki1eTok, CTUMynn-
POBAaHHBIX B YCJIOBUSIX in Vitro, U UHAYKUUS UX TUOEAU MOTYT ObITh OMHOW U3 NPUYUH HEeIPDEKTUBHOTO
BocctaHoBieHust uncieHHoctn CD4*T-nmumdonmro y BUY-uHbDUIIMPpOBaHHBIX UL, MOJTYYaIOIAX aHTU-
PETPOBUPYCHYIO TEPATTUIO.

Karoueswie cnosa: BUY-ungpexuyus, bakmepuanvhovie mokcutot, kuuweunux, CD4* T-aumgpouyumot, anmupemposupycras mepanus,
peceHepayusi UMMYHUmMema

IN HIV-INFECTED PATIENTS, INTESTINAL BACTERIA-DERIVED
PRODUCTS INTERFERE WITH CD4‘T CELL REGENERATION
Korolevskaya L.B., Saidakova E.V., Shmagel N.G., Shmagel K.V.

Institute of Ecology and Genetic of Microorganisms, Ural Branch, Russian Academy of Sciences, Branch of Perm
Federal Research Center, Ural Branch, Russian Academy of Sciences, Perm, Russian Federation

Abstract. Despite successful suppression of viral replication by antiretroviral drugs there is no significant
increase in the number of peripheral CD4*T lymphocytes in some HIV-infected patients (immune non-
response to therapy). One of the crucial factors for immunodeficiency aggravation is immune activation
developing in response to the bacterial products entry into the bloodstream through the damaged intestinal
barrier. Additionally, the intestinal microflora produces various solutes that accumulate in the blood and exhibit
toxic properties. This work aimed to evaluate the effect of intestinal microbial products (para-cresol sulfate
and indoxyl sulfate) on the number of CD4'T lymphocytes in HIV-infected patients receiving antiretroviral
therapy. The object of the study was the peripheral blood of HIV-infected subjects with different immune
system restoration efficiency during the therapy. Uninfected donors were enrolled as healthy controls. Plasma
concentrations of IL-6 (p = 0.012), IP-10 (p = 0.0004), and sCD14 (p = 0.003) in HIV-infected immune non-
responders were increased compared with those in individuals with effective restoration of CD4*T cells (immune
responders). Although both groups of HIV-positive subjects did not differ in plasma lipopolysaccharide and
I-FABP levels, para-cresol sulfate (p = 0.001) and indoxyl sulfate (p = 0.042) concentrations were increased
in immune non-responders. /n vitro experiments showed a negative dose-dependent effect of para-cresol
sulfate and indoxyl sulfate on the viability and mitotic activity of CD4*T lymphocytes. Thus, in HIV-infected
patients with impaired regeneration of CD4*T lymphocytes during antiretroviral therapy, a higher level of
systemic inflammation is noted than in subjects responding to treatment with an increase in the number of
CDA4*T cells. The severity of the intestinal barrier damage and the load of bacterial components released into
the bloodstream are approximately the same in HIV-infected individuals with different efficiency of immune
recovery in response to treatment. Simultaneously, the blood plasma of immune non-responders is significantly
enriched with microbial products of intestinal origin: para-cresol sulfate and indoxyl sulfate. The significant
decrease in the proliferative capacity of CD4*T cells stimulated in vitro and the induction of their death in the
presence of these toxins may be a reason for the ineffective restoration of the number of CD4*T lymphocytes in
HIV-infected individuals receiving antiretroviral therapy.

Keywords: HIV infection, bacterial toxins, intestine, CD4* T lymphocytes, antiretroviral therapy, immune regeneration

Theworkwascarried outwithinthe frameworkofthe have a significantly increased risk of morbidity and

state assignment No. AAAA-A19-119112290007-7.

Introduction

In HIV-infected patients, the use of
antiretroviral therapy (ART) leads to suppression
of viral replication and a subsequent increase in the
peripheral CD4*T lymphocyte count (standard
response) [2]. However, up to 30% of patients referred
to as “immune non-responders” (INRs), develop a
discordant response to treatment, in which, despite
an effective viral load suppression, the number of
blood CD4*T cells remains low [10]. INRs compared
with subjects giving a standard response to ART

mortality from both AIDS-associated and non-
AIDS-associated diseases [9].

Immune activation is considered one of the
most significant factors in the development of
immunodeficiency during HIV-infection. The
generally accepted concept of immune activation
is based on the idea that intestinal barrier integrity
is disrupted and the microbial products enter the
bloodstream, maintaining high chronic systemic
inflammation level [3, 4]. HIV-infected individuals
develop intestinal dysbiosis, which manifests in
a reduction in bacterial community diversity [6,
11]. Additionally, the intestinal flora produces gut
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bacteria-derived solutes, including the so-called
“uremic toxins”, the accumulation of which in pa-
tients with chronic kidney disease is associated with
clinical progression and cardiovascular complication
development [8, 15]. The most studied uremic toxins
are para-cresol sulfate (PCS) and indoxyl sulfate (IS).
Their precursors, para-cresol and indole, are formed
as a result of amino acid fermentation by intestinal
bacteria. After sulfation, these products enter the
bloodstream in the form of PCS and IS. Although
PCS and IS have pro-inflammatory effect on a
number of cell populations [1, 5], data on their effects
on T lymphocytes are limited.

This work aimed to evaluate the effect of para-cresol
sulfate and indoxyl sulfate on CD4*T lymphocytes in
HIV-infected patients receiving ART.

Materials and methods

The study was approved by the ethics committee
of the Perm Regional Center for Protection against
AIDS and Infectious Diseases (No. IRB00008964).
Each subject signed informed consent. The study
enrolled HIV-infected patients with a suppressed viral
load (< 50 copies/ml of blood) who were adherent to
ART for more than two years. The immune system
regeneration was assessed by the number of blood
CD4*T lymphocytes and was compared to the
established threshold value of 350/uL [10]. Patients
were divided into groups: 1) immune non-responders
(INRs; n = 16) with CD4*T cell count < 350/uL; and
2) immune responders (IRs; n = 21) with CD4*T cell
count > 350/uL. The third group enrolled relatively
healthy controls without HIV-infection (HC; n = 20).
All the examined subjects had no clinical signs of
kidney dysfunction.

Blood was sampled into vials containing ethy-
lenediaminetetraacetic acid (Weihai Hongyu Medical
Devices Co Ltd, China). The peripheral blood
CD4'T lymphocyte number was assessed with a
CytoFLEX S flow cytometer (Beckman Coulter,
USA) using a commercial Immunocytometry Systems
(BDIS) Simultest™ kit (Becton Dickinson, USA). The
blood plasma concentrations of interleukin-6 (IL-6),
interferon-gamma induced protein 10 (IP-10), soluble
CDl14 (sCD14), and fatty acid-binding intestinal
protein (I-FABP) were determined using R&D
Systems ELISA kits (USA). The content of bacterial
lipopolysaccharide (LPS) in blood plasma was asses-
sed with the LAL assay QCL-1000 chromogenic kit
(Lonza, USA). The studies were conducted according
to the manufacturers’ instructions. Analysis of
PCS and IS in plasma was performed using high-
performance liquid chromatography. The effect
of PCS and IS on the T lymphocytes proliferative
capacity and their resistance to apoptosis was assessed
in vitro using mononuclear leukocytes obtained from
healthy volunteers. The isolated cells were stained

with CellTrace Violet (Invitrogen, USA) according to
the manufacturer’s instructions.

T lymphocyte proliferation was induced by sti-
mulation of the CD3/CD28 complex using a poly-
mer nanomatrix conjugated with CD3 and CD28
agonists (T Cell TransAct; Miltenyi Biotec, USA).
Unstimulated cells served as control. Samples
were incubated for 72 h in the presence of PCS
(ApexBio, USA) or IS (Sigma-Aldrich, USA) at final
concentrations of 1 uM, 10 uM, 25 uM, 50 uM or
0.1 uM, 1 uM, 10 uM, respectively. Control samples
with stimulated and unstimulated cells did not contain
these reagents. After incubation, the cells were har-
vested and stained with anti-CD3-PE and anti-
CD4-V450 antibodies (Becton Dickinson, USA). The
proliferation of T lymphocytes was assessed with flow
cytometry according to the dilution of the tracking dye
in daughter cell generations. The level of CD4*T cell
apoptosis was measured by flow cytometry using a
commercial FITC AnnexinV Apoptosis Detection
Kit I (BD, USA).

Statistical analysis of the obtained data was carried
out using nonparametric methods. The median
and interquartile ranges (25-75" percentiles) were
calculated. The significance of differences between
groups was determined using the Mann—Whitney
U test or the Kruskal—Wallis test.

Results and discussion

All three groups had no differences in age or gender
composition. The INR and IR groups did not differ
in HIV-infection or ART duration. In accordance
with the selection criteria, the absolute number of
CD4*T lymphocytes in INRs was significantly lower
than that in the comparison groups (p < 0.001).
The number of CD4*T cells in IRs was still reduced
compared with the corresponding rate in HC
(p <0.001).

The study of the inflammation, bacterial trans-
location, and intestinal epithelium damage indices in
the blood plasma of HIV-infected subjects revealed
the following (Figure 1).

Compared with IRs, INRs had significantly in-
creased content of IL-6 (p = 0.012) and IP-10
(p = 0.0004), which indicates a higher level of systemic
inflammation. Although the sCD14 concentration in
INRs exceeded that in IRs (p = 0.003), the LPS level
did not differ between the two groups. It is known that
the CD14 molecule on the membrane of monocytes/
macrophagesisa co-receptor for LPS, and its presence
in the bloodstream in a soluble form (sCD14) serves as
an indicator of bacterial translocation [4]. Based on
the fact that CD14 is shed from the cell surface during
cell stimulation [14], the presence of SCD14 in blood
plasma can also be regarded as a result of monocyte
activation. According to some [4], activation, and
inflammation in HIV-infection may be due to the
release of bacterial products into the bloodstream
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Figure 1. Systemic inflammation, bacterial translocation, and intestinal epithelium damage indices in the blood plasma

of HIV-infected patients

Note. INR, immune non-responders; IR, immune responders. Medians (horizontal lines) and interquartile ranges (vertical bars) are shown.

Statistical calculations were made using the Mann-Whitney method.

following increased intestinal permeability. When
assessing the intestinal epithelium destruction index
(I-FABP) we did not reveal any differences between
the INR and IR groups. Thus, one can assume that
intestinal permeability is not a major reason for
the increased systemic activation in HIV-infected
individuals with impaired CD4*T lymphocyte rege-
neration. The same was confirmed by the level of
plasma LPS. In addition to bacterial components,
various waste products of the intestinal flora can
enter the bloodstream [7, 12]. Their entry into the
circulation does not require an increase in intestinal
permeability since it occurs in a healthy body during
the fermentation of food compounds.

Analysis of the gut-derived bacterial products
in the blood plasma revealed the following. Median
PCS concentrations in INRs, IRs, and HCs were
65.4 uM, 31.7 uM, and 28.5 uM, respectively. Sta-
tistically significant differences were found only
between the INR and IR groups (p = 0.001). Com-
pared with PCS, the content of IS in the blood
plasma of all examined subjects was significantly
lower. The median concentrations of this microbial
toxin in INRs, IRs, and HCs were 8.1 uM, 6.1 uM,
and 4.2 uM, respectively. These indices in INRs were
significantly higher than the corresponding values in

IRs (p = 0.042) and HCs (p = 0.015). It is known that
uremic toxin accumulation in blood occurs due to the
kidney function impairment [5, 15]. As there were no
signs of kidney dysfunction in any subject, the obtained
data indicate the enrichment of the blood plasma of
INRs with uremic toxins: compared with IRs in INRs
the content of PCS was almost 2 times higher, and the
level of IS was 1.3 times higher. Since both substances
are products of the intestinal microflora metabolism,
then, apparently, the bacterial composition in IRs and
INRs differ and is characterized by the predominance
of PCS and IS producers in the latter. These toxins may
additionally contribute to increased inflammation in
INRs and affect CD4*T cells.

The impact of PCS and IS on the viability and
proliferative capacity of CD4*T lymphocytes was as-
sessed in vitro. The concentrations of PCS and IS (see
Materials and Methods) were applied on the basis of
literature data on their physiological values in serum/
plasma [7, 13]. An assessment of CD4*T lymphocytes
binding AnnexinV revealed the following (Figure 2).

In control samples incubated without the PCS
or IS, the frequency of cells prone to apoptosis was
relatively low. But, in cell samples containing PCS,
the level of CD4*T lymphocytes that bound AnnexinV
increased significantly (Figure 2A). The effect was
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Figure 2. Effect of para-cresol sulfate (A) and indoxyl sulfate (B) on the CD4*T lymphocyte viability
Note. The abscissa shows the concentrations of the uremic toxins in the sample. *, p < 0.05; **, p < 0.01. Statistical calculations were performed

using the Kruskal-Wallis method.

dose-dependent. At a PCS concentration of 50 uM,
the frequency of cells prone to apoptosis exceeded
25%. Similar results were revealed when assessing
the effect of IS on the CD4*T lymphocyte viability
(Figure 2B).

Furthermore, PCS and IS had a negative impact on
the stimulated CD4T cells proliferation (Figure 3).

The number of stimulated CD4*T lymphocytes
that underwent more than one cycle of division while
being incubated in the presence of toxins for 72 h was
significantly reduced. The effect of PCS and IS was
dose-dependent. At the maximum concentrations
used (50 uM of PCS and 10 uM of IS), almost all
stimulated cells were unable to proceed to the second
round of mitosis. Therefore, both PCS and IS cause
CD4*T lymphocyte death and disrupt their mitotic
activity. The effect of these gut-derived microbial
products on CD4*T cells is strongly dose-dependent.

Conclusion

Thus, in contrast to HIV-infected subjects with
a standard response to treatment, patients with a
discordant response to ART are characterized by hig-

A 40 il

30 ot
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0 T T T
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% CD4* T cells reaching division 2

A

her levels of systemic inflammation. Simultaneously,
in subjects with a standard and discordant response
to ART, the severity of intestinal barrier destruction
and the amount of bacterial components entering the
bloodstream are approximately the same. However,
the content of gut-derived microbial products, such
as para-cresol sulfate and indoxyl sulfate, is increased
in the blood plasma of HIV-infected immune non-
responders. Apparently, in patients with a discordant
response to ART, this may be the result of the unique
intestinal microflora composition, enriched in the
taxa-producers of para-cresol sulfate and indoxyl
sulfate. We have shown for the first time the negative
impact of these gut-derived microbial products on
CD4*T lymphocytes, namely, a significant decrease
in the proliferative capacity of cells stimulated in vitro
andthe induction of their death. This may be a reason
for the ineffective restoration of the CD4*T lympho-
cyte counts in HIV-infected patients receiving ART.
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