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Correlation between miR-146a and miR-155 levels and concentration of cytokines in

patients with allergopathy in chronic persistence of Epstein-Barr virus infection
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Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

Abstract

Analysis of correlation between miR-146a and miR-155 levels and concentration of
antiviral cytokines in patients with allergopathy in active and latent phases of chronic persistence
of Epstein-Barr virus infection (EBV) has been conducted. Thus, 38 patients with allergopathy
and chronic persistence of EBV of different genders, age 32.7+3.2 years have been examined,
who were divided into groups depending on the phases of virus persistence. Control group
included 20 healthy individuals. Reliable changes in IL12, IL33, IL1} and IFN-y were revealed in
patients of both groups. The results: reliably higher levels of miR-146a expression, by 2.9 times
(p=8.0E-04) and by 2.25 times (p=0.011), respectively, compared with control group; reliable
difference in miR-155 levels in patients with EBV-infection in active and latent forms of virus
persistence (p=1.0E-07) and significant decrease in the indicated miRNA (p=1.0E-07) by 55.8
times in patients with latent course of EBV-infection compared with control. A reliable reverse
correlation of various intensities was detected between IL12, IL1B, IFN-y and miR-146a; absence
of correlation between TNF-a, IL33 and miR-146a was observed. A direct correlation was
revealed between all investigated cytokines 1L12, TNF-a, 1L33, IL1B, IFN-y and miR-155. the

results of investigation showed that elevation of miR-146a can prognostically indicate inhibition
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of pro-inflammatory activity of cytokines and anti-inflammatory protection with the formation of
pathological disorders, including allergopathy. Meanwhile, the presence of chronic persistence of
EBV demonstrates an opposite direction of correlations between miR-155 and cytokines with
pro-inflammatory properties, which confirms the ability of opportunistic infections to modulate
immune response toward allergopathy.

Key words: cytokines; miR-146a; miR-155; chronic Epstein-Barr virus infection;

allergopathy.

B3AMMOCBSI3b YPOBHEH miR-146a U miR-155 C KOHIIEHTPAITUENA
IUTOKUHOB Y BOJIbHBIX C AJLTEPTOITATOJIOT UEM ITPU XPOHUYECKOM
NEPCUCTEHIIMA SNIITEXHA-BAPP BUPYCHOM MHO®EKIINN

Pesrome

[IpoBenen ananmm3 B3aMMOCBsI3M ypoBHeW miR-146a m miR-155 ¢ koHmeHTpanuei
MIPOTHBOBUPYCHBIX IIATOKKMHOB y OOJILHBIX C AJIJICPrONATOJIOTHEH B aKTUBHOM M JIATEHTHOU (hazax
XpOHHUYECKOW TepcucTeHnuu OnmreiHa-bapp Bupyca (EBV). O6cnenoBano 38 OGOJBHBIX C
aJUIepronarojioruel U XpoHudeckon nepcucrenuueit EBV, paznoro nmona B Bo3pacte 32,7+3,2
JIeT, KOTOpble ObUIM pa3zeieHbl Ha TPYIIbl B 3aBUCUMOCTH OT (a3 BUPYCHOU MEPCHCTEHIUU.
KonTposbhyto rpynny coctaBuin 20 310pOBBIX JinIl. BeIsiBIE€HBI JOCTOBEpHBIE U3MeHeHus 1112,
IL33, IL1B u IFN-y y manmuenToB o6eux rpyni. IlokasaHo: 10cTOBEpHO 00Jjiee BBICOKHE YPOBHH
akcripeccun miR-146a, coorBerctBeHHO 2,9 pasza (p=8,0E-04) m B 2,25 paza (p=0,011) mo
CPaBHEHHUIO C KOHTPOJIBHOW TPYIIION; TOCTOBEpHAs pa3HMIa ypoBHed miR-155 y manueHToB ¢
EBV-undexnueii B axktuBHOW W nareHTHOW (a3ax mnepcucteHiuu Bupyca (p=1,0E-07) u
3HAYUTENbHOE CHIKeHHe B 55,8 pa3 ykazanHoii miRNA (p=1,0E-07) y mnamueHTOB mpHu
naTeHTHOM TedueHuu EBV-uHdeknuu no cpaBHeHHIO ¢ KoHTposem. OrpeneneHa J0CTOBEpHAs
oOpaTHasi KOppensiuOHHas CBA3b paznuyHou cunbl mexay 1012, IL1B, IFN-y u miR-1464a;
OTCYTCTBHE KOppeisiuoHHbIX cBsizeld Mexay TNF-a, IL33 u miR-146a. ObHapyxeHna npsimas
KOPPETSAIUOHHOS CBS3b MEXAY BceMH HccleqoBaHHbIME IuTokuHamu 1112, TNF-a, IL33, IL186,
IFN-y 1 miR-155. Pe3ynpraThl HccienoBaHus MOKa3aid, 4To MOBBIIIEHHE miR-146a Mmoxer
MPOTHOCTUYECKH YKa3blBaTh Ha TIOJABJICHHE IPOBOCHANIUTEIHHON AKTUBHOCTH LUTOKHHOB,

I/IHFI/I6I/Ip0BaHI/Ie HpOTHBOHH(l)GKHHOHHOfI 3allluThl C (bOpMPIpOBaHI/ICM MMaToOJIOTNYCCKUX
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HapylleHUW, B T.4. auiepronaroyiorny. Hamuume xe XpoHudeckoil mnepcucreHuun EBV
JEMOHCTPUPYET KapAUHAIBHO IIPOTUBOIIOJIOKHOE HAIIPABICHUE KOPPEJSILIMOHHBIX B3aMMOCBSI3EH
MIR-155 W UMTOKMHOB C WPOBOCHAIUTEIBHBIMA CBOMCTBAMHU, TOATBEPIKAACT CBOMCTBO
ONMOPTYHUCTUYECKUX HMH(MEKUUH MOJIYIUpOBAaTh HWMMYHHBI OTBET B  HallpaBJICHUU
aJUIEpronaToJIOTuH.

KawueBble ciioBa: nuToKHHBI, MiR-146a, MiR-155, xponuyeckas Jmmreiina-bapp

BHPYCHAas HHPEKI U, aJ11epronarojaorus.

Introduction. MiR-146a and miR-155 have a lot in common in a large spectrum of their
biological activity in normal and pathological conditions; they are expressed and function in
various immunocompetent cells and control specificity of immune response. At present, the role
of microRNA data in pathogenesis of many infectious, autoimmune, oncological and other
diseases has been confirmed [3, 10, 18]. However, there are little data about association of miR-
146a and miR-155 with allergopathy, and the results of some of them are controversial.

One of the potential causes of impairment of the body’s immunological tolerance is the
presence of chronic infectious process, caused, primarily, by intracellular agents, among which
Epstein-Barr virus (EBV) is common. EBV is characterized by lifelong persistence in the human
body, direct infecting of immunocompetent cells and multiorgan tropism [8]. Persistence of
viruses in the body promotes mobilization of cell-mediated and humoral factors of antiviral
protection in obligatory involvement of cytokines [16, 20]. According to literature data, the level
of miR-146a and miR-155 expression influences the production of cytokines with anti- and pro-
inflammatory properties [11]. Thus, imbalance of cytokines with various functional properties is
observed in different allergic diseases, especially due to persistence of immunotropic virus.

Aim of the research: to investigate correlation of miR-146a and miR-155 levels with
concentration of antiviral cytokines in patients with allergopathy in active and latent phases of
chronic persistence of Epstein-Barr virus.

Materials and methods of investigation.

The research was conducted according to the 7" amendment to the principles of
Declaration of Helsinki involving human rights (2013) and corresponding laws of Ukraine.
Clinical diagnosis of allergic rhinitis (AR) and/or bronchial asthma (BA) was determined by

criteria Allergic Rhinitis and its Impact on Asthma (ARIA, 2016), Global initiative for asthma
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(GINA, 2016-2017), atopic dermatitis (AD) — by criteria of unified clinical protocol “Atopic
dermatitis” (2006).

Determination of total IgE and specific sIgE to allergens, specific IgG to antigens of EBV
(EBNA-1gG, VCA-IgG) was performed by ELISA method using test systems “Euroimmun”
(Germany) according of manufacturer’s instructions. Detection of DNA EBV in the blood, saliva
and mucosa of the posterior pharyngeal wall was conducted by polymerase chain reaction (PCR)
method on diagnostic preparations “AmpliSens” (RF) using “Rotor-Gene 6000 (Corbett
Research, Australia). Active phase of chronic EBV-infection was determined by the presence of
DNA EBV (simultaneously or separately) — in the blood, saliva and mucosa of the posterior
pharyngeal wall (amount of DNA EBV copies — 10%-107/ml) and increased titres of specific
antibodies — EBV-VCA-IgG and EBNA-IgG by 5-10 times. Latent phase of chronic EBV-
infection was determined by the absence of DNA virus combined with elevated titres of specific
EBNA-IgG and EBV-VCA-IgG. Chosen groups included patients only with mono-EBV
infection.

Based on obtained data, patients were divided into two groups: 1% group — 20 individuals
with allergic diseases and chronic persistence of EBV in active phase (EBV “+”); 2" group — 18
individuals with allergic diseases and chronic persistence of EBV in latent phase (EBV “-).

Skin prick-tests were performed with extracts of respiratory allergens (Inmunotek, Spain),
the process and assessment of results was conducted according to European requirements [5].

Determination of miR-146a and miR-155 expression in samples of blood serum was
conducted by reverse transcription and real time PCR from total RNA, isolated using
mirVana™PARIS™ (Ambion, USA). Reverse transcription was performed using High Capacity
cDNA Reverse Transcription Kit (Applied Biosystems, USA), specific primers for each miRNAs
and 10 ng of total RNA. Quantitative real time PCR was performed using TagMan MicroRNA
Assays (Applied Biosystems, USA): U6 snRNA (as endogenous control). Amplification was
performed on 7500 Fast Real time PCR (Applied Biosystems, USA). The obtained data were
analyzed with database 7500 Fast Real time PCR and presented in a chart (Fig.1).
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Fig.1. A chart of intensification of fluorescence in real time PCR

Determination of cytokines IL1b, IFN-y, IL12 (p70), TNF-a, IL33 was conducted in two
samples of blood serum by PCR method using magnetic microspheres, conjugated with
monoclonal antibodies, using platform BioPlex 200 with HRF (Bio-Rad, USA), which included
Luminex XMAP®. Standard curves were drawn using logistic regression 4- or 5-PL, the obtained
results were analyzed by means of the program BioPlex Manager 6.0 (Bio-Rad, USA).

The results of investigations were analyzed with statistical set IBM SPSS Statistics v.21.
For primary analysis and drawing of charts, Microsoft Excel was used. Reliability of difference
between samplings was assessed by Student’s t-criterion, differences were considered reliable at
p<0.05. All quantitative indices are presented as x+SD, where x — is mean arithmetic, SD —
standard deviation. Correlation analysis was performed by means of Pearson’s coefficient of
correlation.

Results of investigation

Based on conducted investigations, the following diagnoses were established: 1)
persistent (year-round) or intermittent (seasonal) AR — in 26 (68.4%) patients; persistent, of mild
degree, controlled BA — in 3 (7.9%); atopic dermatitis of adult type, localized erythematous
squamous form of mild degree (SCORAD from 10.0% to 18.0%) — in 8 individuals (21.1%).
Mild degree eosinophilia was detected in the blood — in 5 (13.2%) patients; in nasal cytogram —

in 10 (26.31%), increased level of total serum IgE — in 22 (57.9%) individuals. Sensitization to
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various groups of respiratory allergens was revealed in all patients by the results of skin prick
tests. Polysensitization was detected in 26 (68.4%) patients.

Conducted anamnestic, clinical and laboratory analysis of these data showed that the
symptoms of atopic dermatitis, pollinosis with polysensitization, high level of total IgE were
more frequently observed in a group of patients with active form of chronic EBV persistence.
However, in patients with latent form of chronic EBV persistence, bronchial obstructive
syndrome and eosinophilia in the blood and nasal cytogram were more common.

Comparative analysis of cytokine profile was performed in investigated groups and
control group (table 1).

Table 1
Comparative analysis of cytokine profile in patients with allergic diseases and chronic EBV-
infection in different phases of persistence (M+sD)

Cytokines 15t group 2" group 3" group P(1-3) | PQ2-3) | P1-2)
(pg/ml) (EBV+) (EBV-) control
(n=20) (n=18) (n=20)
1 2 3
IL1R 3.48+1.03 2.55%0.30 2.76x0.45 0.093 0.007 0.0001
IFN-y 0.98+0.42 0.84+0.23 1.11+0.29 0.095 0.012 0.334
TNF-a 5.76+1.67 5.98+2.74 6.02+2.75 0.111 0.190 0.762
IL 12 2.88+0.42 3.89+1.74 3.65+1.26 0.013 0.618 0.016
L33 2.87+1.79 5.55+1.79 4.69+3.10 0.120 0.127 0.647

Analysis of results showed that various changes in cytokine profile were detected in
patients with allergic diseases and chronic EBV persistence in different forms compared with
control. In patients with active form of chronic EBV persistence, a reliable decrease or tendency
to reduction of IL12, IL33 was verified with simultaneous increase in IL1R level and normal
concentration of IFN-y, TNF-a. In patients with latent form of chronic EBV persistence, a
reliable decrease in IL1R and IFN-y concentration and increase in IL12 and IL33 was established.
The level of pro-inflammatory cytokine TNF-o in both investigated groups did not change
considerably.

A comparative analysis of miR-146a and miR-155 expression in patients of investigated

groups and individuals of control group was performed (table 2).

235



Table 2

Levels of miR-146a and miR-155 expression in patients of investigated groups

microRNA 1%t group 2"group | 3“group | P(1-2) |P(1-3) |P(2-3)
(ng) (EBV+) (EBV-) control
(n=20) (n=18) (n=20)
miR-146a 0.19£0.29 0.15%0.26 0.07+£0.10 0.91 8.0E-04 0.011
miR-155 6.6E-04 8.0E-06+ 4.3E-04 = 1.0E-07 | 2.5E-03 | 1.0E-07
1.9E-03 8.0E-07 8.0E-04

As it is seen in table 2, in patients of both groups with allergopathy and chronic EBV

infection in active and latent forms, reliably higher levels of anti-inflammatory miR-146a

expression were observed, by 2.9 times (p=8.0E-04) and 2.25 times (p=0.011), respectively,

compared with control group. Though the level of miR-146a in patients of the 1% group was by

1.3 times higher than in the 2™ group of patients, reliable difference was not observed (p>0.91)

(fig. 2).

Concerning the level of miR-155 expression, in patients with allergopathy and active

phase of EBV infection, expression of this miRNA was reliably higher by 1.5 times compared

with control group (p=2.5E-03). It should be emphasized that a considerable decrease in this

miRNA by 55.8 times (p=1.0E-07) was noticed in patients of the second group in latent course of

EBV infection compared with control group (fig. 3).
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According to the obtained results, a reliable difference of miR-155 level was established
in patients with EBV infection in active and latent forms of virus persistence (p=1.0E-07).

Thus, in patients with allergopathy in active phase of chronic EBV persistence, a reliable
activation of miR-146a and miR-155 expression was revealed compared with control. However,
in latent form of EBV infection, a reliably high level of expression of anti-inflammatory miR-146
and a significant inhibition of pro-inflammatory miR-155 was detected. In particular, the degree
of miR-155 expression in latent phase was by 81.3 times lower than in active form of chronic
persistence of EBV infection.

Correlation analysis of interaction of miR-146a and miR-155 levels with the
concentration of antiviral cytokines in patients with allergopathy in chronic persistence of EBV
demonstrated a reliable reverse correlation of various intensities between TNF-q, IL33 and miR-
146a (fig. 5a, 6a). Besides, a direct correlation was revealed between all investigated cytokines
IL12, TNF-q, L33, IL1B, IFN-y and miR-155 (fig. 4b, 5b, 6b, 7b, 8b).
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Fig. 4 a, b. Investigation of correlation between IL12, miR-146a and miR-155

Discussion of the research results
In infected patients, EBV induces expression of miR-155 and miR-146a on different

immunocompetent cells (monocytes, macrophages, dendrites, natural Killer cells (NK), T- and B-
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lymphocytes etc.), defining a type of control of immune mechanisms. Usually, these two

miRNAs demonstrate antagonistic direction of action [2, 11]. MiR-155 and miR-146a are

especially sensitive to many inflammatory stimuli, particularly cytokines (TNF-a, IFN types |

and I1), Toll-like receptors etc. [13, 19].
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The majority of EBV-infected cells in latent condition express six nuclear antigens
(EBNA 1-6), three membrane proteins (LMP1, LMP2A, LMP2B) and non-coding antigens
(EBER-1, EBER-2 RNA) [4, 17].
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Natalie Motcsh and co-authors proved that LMP1 stimulates expression of miR-146a via

NF-kB-dependent way. LMPL1 is known to launch a signal cascade, which activates cell factors of

transcription (NF-kB and AP-1), promoting survival and proliferation of EBV-infected cells;

maintenance of chronic EBV persistence in the human body by modulation of congenital immune

239



factors on virus-infected host’s cells. In this work, it is shown that stimulation of miR-155
expression in EBV-infection, except for LMP1, can occur under the influence of other viral gene
products [5, 13]. The obtained data coincide with the results of our investigations. The degree of
miR-146a expression, compared with control group, was higher in patients with allergopathy and
chronic EBV persistence, especially in active form of infection.

STAT1 (member of the family of transcription factors) participates in a positive
regulation of genes by the signal of I-11I type interferons and is an important target of miR-146a
on CD8"-cells, which produce antiviral cytokines, including TNF-o and IFN-y. Blockage in vitro
of miR-146a in CD8"-cells significantly increased their virus-specificity [18]. Overexpression of
miR-155 intensified antiviral CD8*-T-cell mechanisms in vivo [3, 9]. As the results of our
investigations showed — increased level of miR-146a in patients of the 1% group correlated with
normal level of TNF-a and IFN-y, which resulted in reduction of intensity of antiviral protection
and promoted replication of the virus and was confirmed by PCR method. Thus, under conditions
of active EBV replication, functional ability of miR-146a towards inhibition of antiviral factors
dominated over the ability of miR-155 to their stimulation. In patients with latent phase of
chronic persistence of EBV, elevated miR-146a and decreased level of miR-155 logically
promoted a reliable decrease in IFN-y concentration, and, as a result, promoted virus persistence
[14]. Instead, in patients of the 1% group a reliably increased expression of miR-146a correlated
with such level of TNF-a, IFN-y and IL-1p, that reliably did not differ from the indices of
individuals in control group. A reliably high anti-inflammatory influence of miR-146a was
verified in patients with latent form of chronic persistence of EBV, where concentration of IL-13
and IFN-y was reliably lower than in healthy individuals. The content of TNF-a in the blood of
this group of patients reliably did not differ from individuals of the control group. These data
show that modulation of miR-146a demonstrates anti-inflammatory action. In opposite,
insufficiently effective influence of TNF-o and IFN-y on cell-mediated and humoral antiviral
mechanisms in these patients could be the cause of long-lasting virus circulation with its
significant replication in individuals with active form of infection. Since IFN-y belongs to
important mediators, which influence IgE synthesis, decrease in the level of the cytokine in
patients of both groups promoted the formation of IgE-dependent allergic processes. According
to literature data, investigation of knockout of miR-146a gene showed that deficiency of this

mMIiRNA leads to excessive production of IL-6 and TNF-a, loss of suppressive effects of T-regular
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cells (T-reg), reduction of IFN-y secretion [10, 15]. Conclusions of these investigations are
confirmed by the results of our analysis, particularly: high expression of miR-146a did not
influence TNF-a and IFN-y concentrations in patients with active form and promoted reduction
(primarily of IFN-y level) in patients with latent form of chronic persistence of EBV.

In opposite, miR-155 is regarded as a positive modulator of immune response due to
production of pro-inflammatory cytokines [10]. It has been proved that the role of miR-155
implies programming of macrophages as to their conversion into pro-inflammatory macrophages
[7]. Since IL-1 and TNF-a are predominantly synthesized by antigen-presenting cells (APC), in
our case, the presence of a direct correlation between low expression of miR-155 and reduction
of IL-1p and TNF-a levels could be expected. However, by obtained results, concentration of IL-
1B and TNF-a did not reliably differ from the norm in patients with active phase of chronic
persistence of EBV and a reliably high expression of miR-155. In patients with latent form and a
reliably low level of miR-155 — the level of IL-1p proved reliably reduced, and TNF-o did not
differ from the indices of healthy individuals. It can be assumed that it is also associated with a
low level of IFN-y, which is able to induce miR-155 expression.

Thus, oversuppression of miR-155 level in patients with latent form of chronic EBV
persistence promoted a reliable decrease in concentration of pro-inflammatory cytokines IL-1f i
IFN-y, however, did not influence TNF-a level, the value of which did not reliably differ from
control indices. Impairment of these mechanisms can promote intensification of a negative
influence of EBV on a patient’s body, which is confirmed by the results of our investigations.

It is known that IL-33 belongs to the family IL-1 with pro-inflammatory properties, it is
able to mobilize APC, NK and T-lymphocytes, and in the process of immunological
inflammation — eosinophils, labrocytes, IgE production [1]. Concerning IL-12, it is synthesized
by APC and induces production of IFN-y, IL-2 and TNF-a, acts as a growth factor for NK and T-
cells, intensifies their cytotoxicity [6]. In patients with active form of chronic EBV persistence,
level of IL-33 and IL-12 proved to be decreased with simultaneous increase in miR-146a and
miR-155 expression. In patients with latent form, concentration of these interleukines was within
normal ranges with simultaneous increase in miR-146a expression and significantly decreased
miR-155.

It has been established that expression of miR-146a and miR-155 does not influence

maturation of APC (primarily of dendrites), but modulates the production of pro-inflammatory
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cytokines [11, 19]. High expression of miR-146a is likely associated with low migration ability
of dendrites originating from monocytes [18], which can become the cause of non-effective
formation of antiviral immunity with further activation of EBV. This assumption is confirmed by
the obtained results, which show more manifested expression of miR-146a in patients with active
phase of infection. Experiments on neutralization of miR-155 expression in monocytes, which
mature to dendrite cells showed that miR-155 is not involved in the processes of differentiation
of dendrites, however, it participates in IL-12 expression [3, 10]. Besides, absence of miR-155
expression on dendrites impair the ability of the cells to influence immune tolerance, increasing
the risk of development of autiummune and allergic reactions [11]. The results of our
investigations demonstrated that different association interrelations of miR-146a, miR-155
expression and content of IL-12 in patients in both phases of chronic EBV persistence resulted in
reduction of activity of pro-inflammatory cytokines, impairment of APC function, including their
ability to form tolerance, which promoted inhibition of antiviral protection and intensified
replication of EBV, the risk of development of immunopathologic diseases, including
allergopathy.

Perspectives of further investigations. Revealed interrelations of miR-146a i miR-155
levels with concentration of antiviral cytokines in patients with allergopathy indicated various
roles of these miRNAs in immunopathogenesis of allergic diseases in the presence of chronic
persistence of EBV in active and latent phases of infection, which in the future can be
investigated in the context of targeted personified therapy of patients.

Conclusions. Thus, elevation of miR-146a can prognostically indicate inhibition of pro-
inflammatory activity of cytokines, inhibition of anti-infectious protection with the formation of
pathological disorders, including allergopathy. At the same time, the presence of chronic EBV
persistence demonstrates a completely opposite direction of correlations between miR-155 and
cytokines with pro-inflammatory properties, which confirms the property of opportunistic

infections to modulate immune response towards allergopathy.
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