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LUUTOKWUHbI CJTIOHbI MPOTUB NMNJIASMbl KAK BO3MO>KHbIE
NPEQUKTOPbI TAXXECTU AYTUSMA Y JETEM

dummnmoBa F0.10., AnekceeBa A.C,, JlearoBa E.B., Pycakosa R.A,,
Bbypmucrpona A.JL

@I'bOY BO «YHensabunckuii eocydapcmeennulil ynugepcumem», e. Yensbunck, Poccus

Pesiome. PaccTpoiictBa aytuctudeckoro cnekrpa (PAC) aBastoTCS IUPOKO PaCIIPOCTPAHEHHBIMU, TETE-
POTEHHBIMU HAPYUICHUSIMUA HEMPOPA3BUTHUS C MHOXKXECTBEHHOI 3TUOJIOTUEN, TTIOATUTIAMU U TPAEKTOPUSIMU
pa3BUTHUS, IJ11 KOTOPBIX OTCYTCTBYIOT TOCTYIHBIE U 3D (heKTUBHBIE OMoMapKepbl. BaxkHbIM (haKTOPOM pricKa,
CITOCOOCTBYIOIIUM Ae(UILIMTY Pa3BUTUSI HEPBHOI crUcTeMbl, HabogaeMomy npu PAC, saBisieTcst UMMYHHAas
IUChYHKIIMS, KOTOpasi MPOSIBISIETCS B TOM YMCJIe TUCOAIaHCOM LIUTOKWUHOB B MO3re 1 Ha nepudepuu. B mo-
cJIeHUE TOJIbl B KAYeCTBE OMOJIOTMYECKOTO MaTepraia it nuarnoctuku PAC nmpeaioxeHa ciiioHa, 4To 00y-
CJIOBJIEHO IOCTYMTHOCTBIO U HEMHBA3UBHOCTBHIO METO/IA €€ MoJlyueHus. BmecTte ¢ TeM, BOpoc 0 TOM, MOTYT JIU
YPOBHU LIUTOKWUHOB B CJIIOHE OBITh UCITOJIb30BaHBI B KaueCcTBEe 3(PPEeKTUBHBIX PAHHUX OMOMapKepOB ayTU3-
Ma TpeOyeT MOTIOJTHUTETbHBIX UCCIEIOBaHN, B TOM YHCJIe CPABHEHW: CITIOHA TIPOTUB TIJIa3Mbl/CHIBOPOTKU
KPOBH.

Llestb — TTpOBeCTU CpaBHUTENIbHBIN aHaU3 ypoBHel iuTokuHOB: 1L-6, IFNy, TNFa, IL-18, IL-4, IL-10,
B CJIIOHE U TUIa3Me KPOBHU LIS BBIIEJIEHUS BO3MOXHBIX MapkepoB PAC 1 X TSIKECTU y NeTe.

B uccnenoBanue 0bUTO BKITIOUEHO 11 gereit ¢ TunmmyHbIM HeiipopaszButreM (TPI) u 55 geteil c amarHozom
PAC, cpenu kotopbix 37 4ea0BeK UMENH JIETKYIO WM YMEPEHHYIO CTeTeHb TsxkecTu aytusma (o CARS), a
18 meteii — Tskey1o0. Y Beex IeTeli OMHOMOMEHTHO ObLUTU COOpaHbl 0Opa3libl HE CTUMYJIUPOBAHHOW CMEIIaH-
HOM CITIOHBI U BeHO3HO KpoBU. KoHneHTpamu nutokuHoB: IL-6, IFNy, TNFa, IL-13, IL-4, I1L-10, ciitoHe
onpeaesan multiplex Luminex™ analysis. IT1a3aMeHHBIE ypOBHU TEX K€ IMTOKMHOB OLIEHUBAJIU C TOMOIIbIO
ELISA. Paznuuus Mexxay rpyriamMu mpoBepsiiv ¢ moMmouibio U-kputepus Kpackena—Yonnuca, ¢ anoctepu-
OpPHBIMHU TIOTTapHBIMU cpaBHeHUsIMU TI0 KoHOBepy— M HMany, Mexx 1y oopasiiamu (1ra3ma/ciiioHa) — ImapHo-
ro KpuTepusl YUIKokcoHa. Hajinuue 3aBUCUMOCTH MEXIYy KOHLIEHTPALMSIMU [IUTOKWHOB B TUIa3M€ U CITIOHE
OMpPEIEJISIIU C TIOMOIIBIO JIMHEUHOU perpeccun MetonoM RMA.

Bo Bcex ob6cireyeMbix rpyrimax ypoBHU 1L-6, IFNy u IL-10 B cioHe 6btn HUXe, a TNFa, IL-1pn [L-4 —
BBIIIIE, YeM COOTBETCTBYIOIINE YPOBHU TEX K€ IIMTOKUHOB B TI1a3Me. He 3aBUCUMO OT COCTOSIHUS 3I0POBbe/
00J1e3Hb, 3HAYMMBIX KOPPEJISILIUNA MEXYy YPOBHSIMU LIUTOKWUHOB B CJIIOHE U MJ1a3Me y IeTeil He 0OHapy>KeHO.
3HAUYMMBIX Pa3JIN4YUil B KOHLIEHTPALIMSIX IMTOKUHOB CITFOHBI MEXY IETbMU C JIETKOU U TSXKEIOU CTETIEHBIO
PAC He oOHapyxkeHo, ogHako ypoBHU IL-1p 6butn 3HaunMo Huxe, a IL-10 — Bbile, B cIt0OHe 00eUX rpymin
nereii ¢ PAC, o cpaBHenuto ¢ TP/I.
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TakuM 06pa3oM, HMTOKUHBI CIIOHBI MOTYT OBITh MCITOJIb30BaHbI B KauecTBe MapkepoB PAC y neteii, HO He
TSIKECTH cOCTOsTHUS. OTCYTCTBUE KOPPEISIIUI B YPOBHSIX HEKOTOPBIX TTPO-/TIPOTUBOBOCTIAJIMTETbHBIX ITUTO-
KUHOB MEXy CIIIOHON 1 TIJIa3MO¥ KPOBU, BEPOSITHO, MOXET CBUIETEILCTBOBATH 00 0COOOM NMMYHOJIOTUYE-
CKOM CcTaTyce 3KOJOTMYeCcKO HUIIU — POTOBAst MTOJIOCTb.

Knrouesuie crosa: UUMoOKUHbL, CAIOHA, naasma, paccmpo[lcmea aymucmu4eckKoeo cnekmpa, 0emu, duaeHocmuka

SALIVA VERSUS PLASMA CYTOKINES AS POSSIBLE
PREDICTORS OF AUTISM SEVERITY

Filippova Yu.Yu,, Alekseeva A.S., Devyatova E.V,, Rusakova K.A,,
Burmistrova A.L.
Chelyabinsk State University, Chelyabinsk, Russian Federation

Abstract. The autism spectrum disorders (ASD) are now widely accepted as a pervasive, complex,
heterogencous neurodevelopmental disorders with multiple etiologies, subtypes, and developmental trajectories.
There are no available and effective biomarkers for them. Immune dysfunction is seen as an important risk factor
contributing to the neurodevelopmental deficit in ASD, and is signified, among other things, by an imbalance
of cytokines in the brain and on the periphery. In recent years, saliva has been proposed as a biological material
for diagnosing ASD, due to the accessibility and non-invasiveness of the method for its production. However,
the question of whether salivary cytokine levels may be used as effective early biomarkers for autism requires
further research, including saliva versus plasma/serum comparisons.

Aim: a comparative analysis of the levels of cytokines: IL-6, IFNy, TNFa, IL-1pB, IL-4, IL-10, in saliva and
blood plasma to identify possible markers of ASD and their severity in children.

The study included 11 children with typical neurodevelopment (TDC) and 55 children with ASD, among
whom 37 children had mild or moderate autism (according to CARS), and 18 children had severe autism.
Samples of unstimulated mixed saliva and venous blood were simultaneously collected from all children.
Salivary concentrations of cytokines: 1L-6, IFNy, TNFa, IL-1B, 1L-4, 1L-10 were determined by multiplex
Luminex™ analysis. Plasma levels of cytokines were assessed by ELISA. Differences between groups were
tested using the Kruskal—Wallis U-test with post-hoc Conover—Inman comparisons, between samples (saliva/
plasma) are using the Wilcoxon signed-rank test. The correlation between the concentrations of cytokines in
plasma and saliva was determined using linear regression by the RMA method.

In all examined groups, the levels of 1L-6, IFNy and IL-10 in saliva were significantly lower, and TNFa,
1L-1B and IL-4 were higher than the corresponding levels of the same cytokines in plasma. Regardless of health/
disease status, no significant correlations were found between salivary and plasma cytokine levels in children.
IL-1p levels were significantly lower and IL-10 levels were higher in the saliva of both groups of children with
ASD compared with TDC. No significant differences in salivary cytokine concentrations were found between
children with mild and severe ASD.

Thus, salivary cytokines can be used as markers of ASD in children, but not the severity of the condition.
The absence of correlations in the levels of some pro/anti-inflammatory cytokines between saliva and blood
plasma may probably indicate a special immunological status of an ecological niche, the oral cavity.

Keywords: cytokines, saliva, blood plasma, autism spectrum disorders, children, diagnosis

Introduction bination of genetic and environmental factors [1].
Compounding evidence supports the role of maternal

Th ti t disord ASD) i . . .
¢ autism spectrum disorders ( ) is now immune system activation (MIA), particularly due to

widely accepted as a pervasive, complex, hetero- . . . . . .
geneous neurodevelopmental disorders with mul- infection, at the specific periods of gestation as a risk

tiple etiologies, subtypes, and developmental tra- factor for autism [10]. The exact molecular pathways
jectories [8]. Currently there are no available that lead from MIA to ASD are not clear, however,
diagnostic biomarkers and the diagnosis of ASD @ fair amount of research indicates that cytokines
is based on typical features that include repetitive and chemokines may be the key elements in this
behaviors, and impaired social communication process [13]. Normally, cytokines regulate growth,
and interaction [11]. The etiology of ASD is largely cell proliferation and synaptogenesis in nervous
unknown but, in most cases, likely due to a com- tissue. Cytokines also modulate host responses
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to infection, injury, inflammation and diseases of
uncertain etiology [7]. However, the results of the
studies addressing serum or plasma levels of cytokines
in autism appear to be inconsistent, probably due to
these inconsistencies reflect the heterogeneity of the
ASD diagnosis [12].

In addition, the invasiveness and painfulness of
the procedure combined with the neuropsychological
features of children with ASD provides difficulties
in obtaining plasma samples. In recent years, a new
direction has been developing — the use of saliva as
a biological material for the diagnosis of a number
of pathological conditions, including autism [3, 5],
which is due to the accessibility of biological material
and the non-invasive method of obtaining it.

According to the current protocol for assessing
the immunity of saliva, it is a biological fluid with a
high potential of antibacterial and antiviral molecules.
Saliva contains a large number of immune cells, among
which 95% are heterogeneous neutrophils, and the
rest are lymphocytes and myeloid cells. The antigen-
presenting cells, neutrophils in the network of cells of
the innate immune system, T- and B-lymphocytes
are predominant in the oral mucosa. Moreover, saliva
plays an important role in the regulation of the oral
microbiome. Salivary mucin, antimicrobial peptides
and proteins, produced by salivary neutrophils, help
innate selection of bacterial colonization and biofilm
formation [4]. However, the question of whether
salivary cytokine levels may be used as effective early
biomarkers of neurodevelopmental diseases requires
further research, including saliva versus plasma/serum
comparisons.

Aim: a comparative analysis of the levels of cy-
tokines: 1L-6, IFNy, TNFa, IL-1B, I1L-4, IL-10, in
saliva and plasma to identify possible markers of ASD
and their severity in children.

Materials and methods

A total of 66 children participated in the study.
The study comprised 55 children diagnosed with
autism spectrum disorders (ASD, male /female ratio
43/13, age range 3-13 years) and 11 neurotypical
children (TDC) (male/ female ratio 9/2, age range
4-13 years). The ASD children met the International
Classification of Diseases 10" Revision (ICD-10)
criteria for Childhood autism (F84.0) and Atypical
autism (F84.1), which were determined a child
psychiatrist and a psychologist. Using the Childhood
Autism Rating Scale (CARS), children with ASD
were divided into 2 groups: 37 people with mild or
moderate autism (mean CARS score 32.0+1.5) and
18 people with severe autism (mean CARS score
39.0%£3.4). The protocol for this study was approved
by the Bioethics Committee of Chelyabinsk State
University (2/2019). Written informed consent was
obtained from the parents of each child before any
study procedure was carried out.

Unstimulated mixed saliva was collected from all
children between 8:00 and 9:00 a. m., by passive flow
in SaliCaps tubes (IBL International, Germany).
One hour before sampling, ASD and TDC children
refrained from eating, drinking, mouth rinsing, and
teeth brushing. Venous blood samples in a volume of 4
mL were collected at the same time in vacuette tubes
with K;EDTA. Blood was centrifuged for 10 min at
3000 rpm to obtain plasma. Saliva and plasma samples
were stored frozen at -70 °C until assayed.

The concentrations of the cytokines: IL-6,
IFNy, TNFa, IL-1B, IL-4, IL-10 in saliva were
determined by multiplex Luminex™ analysis, using
a 41-plex Human Cytokine/Chemokine Magnetic
Bead Panel (Merck, Millipore) and a MAGPIX
analyzer (Luminex). Plasma levels of the cytokines
were measured using the commercial ELISA kit (JSC
Vector-Best, Novosibirsk, Russia) on a MultiscanEX
plate analyzer.

The statistical analysis was carried out with PAST
software (v. 4.03). Data are presented as medians and
interquartile ranges (IQR). The differences between
groups were checked using the Kruskal—Wallis
test with post-hoc Conover—Inman comparisons,
between samples (plasma/saliva) were using the
Wilcoxon signed-rank test. The correlation between
the concentrations of cytokines in plasma and saliva
was determined using linear regression by the RMA
method.

Results and discussion

The results of the assessment of the concentration
of cytokines: 1L-6, IFNy, TNFa, I1L-1B, IL-4, IL-10
in the saliva and plasma of children with ASD and
TDC are summarized in the Table 1.

We found that in all the examined groups of
children (regardless of the state of health/disease), the
levels of IL-6, IFNy and IL-10 in saliva were lower,
and the levels of TNFa, IL-1p and 1L-4 were higher
than the corresponding levels of the same cytokines
in plasma. All differences were statistically significant
except for IL-6 concentrations in the TDC group
(Table 1). This may indicate the determination of the
immune response by the humoral type in saliva and by
the cellular type in plasma.

Analysis of the levels of some pro/anti-
inflammatory cytokines in saliva depending on the
presence/absence of ASD and its severity showed that
the concentrations of IL-1p were significantly lower,
and the concentrations of IL-10 were significantly
higher in the saliva of children with ASD, compared
with TDC (Table 1). Thus, in the saliva of children
with ASD, we showed the activation of the anti-
inflammatory potential, whose indicators may be
used as markers of autism, but not of the severity of
the condition.

In plasma, in contrast to saliva, children with
severe ASD have reduced concentrations of early
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TABLE 1. CYTOKINE LEVELS IN PLASMA AND SALIVA OF TDC AND CHILDREN WITH MILD / SEVERE ASD, Me (Q, ,5-Q;75)

Parameters (pg /mL)/ TDC mild ASD severe ASD
source
L6 | saliva 0.89 1.28 1.45
(0.67-1.57) (0.92-1.69) (0.71-2.57)
2.29 1.89 3.83% **
IL-6 / plasma (0.89-3.00) (0.67-3.06) (2.31-5.78)
W,,;, = 54.0; p = 0.060 W, = 507.0; p = 0.019 W, = 146.0; p < 0.001
FNy  saliva 0.49 0.83 0.59
¥ (0.28-0.80) (0.59-1.44) (0.44-1.36)
113 10.48 14.58" **
IFNy / plasma (8.91-11.15) (9.00-11.48) (11.99-15.93)
W,,,, = 66.0; p = 0.003 W, = 703.0; p = 0.001 W, = 171.0; p < 0.001
. 6.58 7.27 7.0
TNFa [ saliva (4.10-7.83) (3.37-8.99) (3.59-12.94)
2.24 2.69 1.29% =
TNFa / plasma (1.53-3.40) (2.36-3.60) (1.17-1.69)
W,,;, = 66.0; p = 0.030 W, = 637.0; p = 0.001 W, = 165.0; p < 0.001
\LA1p / saliva 60.85 560" 8.18*
(43.43-101.64) (2.04-14.06) (3.77-46.55)
3.07 3.20 1.86" **
IL-18 / plasma (1.59-3.55) (2.54-4.32) (1.62-2.09)
W,,,, = 65.0; p = 0.004 W, = 532.0; p = 0.006 W, = 165.0; p < 0.001
. 10.89 9.46 10.89
IL-4/ saliva (6.67-31.36) (5.95-13.67) (6.67-30.01)
2.22 2.72% 2.21%
IL-4 / plasma (1.80-2.35) (2.40-3.07) (2.00-2.46)
W,,,, = 66.0; p = 0.003 W, = 690.0; p = 0.001 W, = 170.0; p < 0.001
. 1.15 2.33% 2.94*
IL-10/ saliva (0.69-1.50) (1.61-3.57) (1.20-6.54)
9.68 7.75 5.91% **
IL-10 / plasma (6.47-11.84) (6.38-10.42) (3.20-8.50)
W,,,, = 66.0; p = 0.004 W, = 636.0; p = 0.001 W, = 136.0; p = 0.028

Note. ASD, autism spectrum disorders; TDC, typically developing children. *, statistically significant differences between the
indicators of the groups “TDC” and “mild ASD” / “severe ASD” (p < 0.05); **, statistically significant differences between the
indicators of the groups “mild ASD” and “severe ASD” (p <0.05). W is the value of the Wilcoxon test, p is the level of significance of

differences between the cytokine values in plasma and saliva.

inflammatory response cytokines — TNFa, IL-1p3
and anti-inflammatory — IL-10, against the back-
ground of an increased concentration of late in-
flammatory response cytokines — IL-6 and IFNy,
possibly supporting systemic low-grade inflammation
(Table 1). Thus, plasma cytokines are relevant
predictors of ASD severity in children.

An assessment of the links between the con-
centrations of cytokines in saliva and plasma showed
no significant correlations, regardless of the presence/
absence of ASD and its severity (Figure 1).

Different concentrations of cytokines and the
lack of correlations between salivary and plasma
parameters suggest that salivary cytokine levels
are not representative of plasma concentrations
in children, regardless of the presence/absence
of neurodevelopmental disorders. Although 30%
of salivary proteins are filtered out of plasma [6],
cytokines are too large to enter saliva via either
diffusion or ultra-filtration. Therefore, these mo-

lecules enter saliva via leaky patches, such as tissue
damage sites and inflammation, as well as crevicular
fluid. Maintenance of the basic level of cytokines in
saliva occurs with the help of the immune components
of the mucous membranes of the oral cavity [2].

It is known that the oral cavity is the entrance gate to
the human body. Commensal microorganisms, airborne
antigens/allergens, and foodstuffs initially enter the
oral mucosa before entering the gastrointestinal tract
and respiratory tract. For the normal functioning
of the body, the local immune system of the oral
cavity provides a delicate balance: it provides ef-
fective immune surveillance without an excessive
inflammatory response, and at the same time tolerance
to commensals and harmless antigens [9]. Violation of
this balance towards inflammation can lead to serious
consequences for the body as a whole. Therefore, the
anti-inflammatory potential of saliva in children with
ASD and the absence of correlations in the levels of
some pro/anti-inflammatory cytokines between saliva
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Figure 1. Linear regression between salivary and plasmatic levels of cytokines in typically developing children (TDC) and
children with mild/severe autism (mASD/sASD)
Note. Linear regression saliva versus plasma cytokines: (A) IL-6, (B) IFNy, (C) TNFa, (D) IL-1B, (E) IL-4, (F) IL-10 are shown. TDC, typically
developing children; mASD, childen with mild autism; sASD, childen with severe autism Cytokine concentrations are converted to base logarithm
10. The lines show the regression equations for the TRD - solid line, midl ASD — dots line, severy ASD — long dashes line. Values cytokines

for TDC are shown by squares, mild ASD by dots, severe ASD by triangles. y = ax+b — regression equation. p, the level of significance of the
corelations between saliva and plasma.

and blood plasma, shown in our pilot study, can probably
indicate the effectiveness of the regulatory functions of
the ecological niche, the oral cavity.

Conclusion

Thus, saliva and plasma are two completely dif-
ferent systems, with their own development programs,

structural components and functions. Changes of

salivary cytokine concentrations do not correlate
with plasma cytokine levels and do not reflect ASD
severity in children. It is probably necessary to talk
about the study of salivary immunome, which reflects
the homeostasis/destabilization of a unique local
niche, its tissue immunity, which, like any tissue
immunity, is a component of the axis of the immune-
neuroendocrine systems and the microbiome of the
digestive tract.
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