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Abstract

The development of autoimmun diseases involves an intricate network of cytokines that recruit
and activate TREGS/ TH17 cells. This study was aimed to compare PBMC levels of pro-inflam-
matory and anti-inflammatory cytokines in AID patients and non-AID controls from Bobo Dioulasso.
We prospectively enrolled 17 patients who had autoimmune diseases and 17 healthy donors at University
Hospital SOURO SANOU and other privates clinical, from Bobo Dioulasso, BURKINA FASO, between
november 2014 and december 2015 for this cohort study. Demographic characteristics and cytokines pro-
file: IL-2, IL-10, IL-17A, IL-21, IL-22, IL-23, TNF-a and TGF-f3) were determined. We used the immu-
noenzymatic technology to assess the titer of cytokines.

We found that there was no significant variation of TNF-a level in normal controls and autoimmune diseases
patients(P=0.09) . The concentrations of cytokines anti-inflammatory such as IL-2,IL-10 and TGF-f3 in PBMC
supernatant were significantly higher in the control group than in the group of patients with autoimmun
diseases (respectively P=0.1;0.004;0.016).The supernatant levels of IL-17A, IL-21, IL-22, IL-23 and
IFN-y significantly increased in autoimmun diseases in comparison to healthy controls (respectively P=0.00001;
0.001, 0.006; 0.008 and 0.000).We also found that patients with SLE and RA exhibit increased levels of
IL-22,IL-21, also, patients with RA exhibit increased levels of IL-17A. Patient with HT diseases exhibit
increased levels of TGF-f3. Based on the level of cytokines such as IL-17A and IFN-y, we demonstrate
that the phenotype IL-17+, IFN-y+ T cell is major in AID.

We have shown that patients with autoimmune diseases from Bobo Dioulasso, Burkina Faso have pro-
inflammatory cytokines produced by TH17 cells such as (IL-17A,IL-21, IL-22,1L-23 and IFN-v) are abun-
dantly secreted in PBMC supernatants. While anti-inflammatory cytokines in the regulatory T-cell pathway
(IL-2,IL-10 and TGF-f) are poorly secreted during autoimmune processes. We also found in the study a
high prevalence of the phenotype of the following TH17 (IL-17 +, IFN-y + T cells). We propose that the
therapeutic targets be directed to the phenotypes to fight AID.
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Résumé

La survenue des maladies auto-immunes implique un réseau de cytokines complexe qui recrutent et acti-
vent des cellules TREGS / TH17. Cette étude a pour but de comparer les taux de cytokines pro-inflamma-
toires et anti-inflammatoires dans les surnageants de PMBC chez les patients souffrant de maladies auto-
immunes et chez les donneurs sains de Bobo Dioulasso.

Il s’agit d’une étude prospective de cohorte qui s’est déroulée de novembre 2014 a décembre 2015 et a
concerné 17 patients souffrant de maladies auto-immunes et 17 donneurs sains. L étude s’est déroulé a 1’ho-
pital universitaire SOURO SANOU et les autres cliniques privées de Bobo Dioulasso, BURKINA FASO.
Les caractéristiques démographiques et le profil des cytokines: IL-2, IL-10, IL-17A, IL-21, IL-22, IL-23,
TNF-a et TGF-3) ont été déterminés. Nous avons utilisé une technique immunoenzymatique (ELISA) pour
le dosage de ces cytokines.

Nous avons trouvé qu’il n’y a pas de différence statistiquement significative entre les titres de TNF-a chez
les témoins sains et les patients soufrant de maladies auto-immunes (P = 0,09). Les concentrations de
cytokines telles que I’IL-2, I'TL-10 et le TGF-f dans les surnageants de PBMC sont significativement plus
élevées dans le groupe témoin que dans le groupe de patients souffrant de maladies autoimmunes (respec-
tivement P = 0,1, 0,004, 0,016). Les concentrations des surnageants en IL-17A, IL-21, IL-22, IL-23 et
IFN-y ont significativement augmenté dans les situations de maladies autoimmunes en comparaison avec
les témoins sains (respectivement P =0,00001,0,001,0,006,0,008 et 0,000). Egalement les patients atteints
de SLE et de RA ont des concentrations élevée en IL-22, IL-21, tandis que les patients atteints de RA ont
des titres élevés en IL-17A. Les patients atteints de HT ont un titre élevé en TGF-f3. En se basant sur la
concentration de cytokines secrétées telles que I'IL-17A et I'IFN-y, nous trouvons que le phénotype IL-17
+, IFN-y + est majoritaire dans les maladies auto-immunes a Bobo-Dioulasso.

Nous avons montré qu’au cours des maladies auto-immunes a Bobo-Dioulasso au Burkina Faso, les cyto-
kines pro-inflammatoires produites par la voie des cellules TH17 telles que (IL-17A, IL-21, IL-22, IL-23
and IFN-y) sont secrétées en abondance dans les surnageants de PBMC. Alors que les cytokines anti-inflam-
matoires de la voie des cellules T régulatrices (IL-2, IL-10 et le TGF-f3) sont trés peu sécrétées au cours
des processus auto-immuns. Aussi nous avons mis en évidence dans note étude une prévalence élevée du
phénotype de TH17 suivant (IL-17+, IFN-y+). Nous proposons que des cibles thérapeutiques soient diri-
gées vers ces phénotypes pour lutter contre les maladies auto-immunes.

Mots-clés : Phénotype, Cytokines, Maladies auto-immunes.

Introduction

Autoimmune diseases are characterized by autoimmune reactions against one’s own widespread deter-
minants. Many cytokines are involved in activity regulation and organ involvement in various autoim-
mune diseases [11, 15, 22, 25]. These cytokines are synthesized particulary in autoimmune diseases
such as rheumatoid arthritis, type I diabetes, systemic lupus erythematosus and multiple sclerosis, and
worth stressing is the difference between cytokines as phenotype markers and cytokines as inflam-
mation and tissue damage mediators. In most autoimmune diseases the balance between pro-inflam-
matory and anti-inflammatory cytokines determines the extent and spread of inflammation and can
lead to conspicuous clinical effects such us autoimmune diseases [11, 19]. In SLE patients, for ins-
tance, studies showed a significant elevation of TNF-a and IL-10 in all, but especially in neurologic
disease form. Understanding of the fundamental mechanisms of T cell differentiation control is the
road to the strategy of cytokine phenotype modulation and prevention of tissue damage and autoim-
mune diseases, promoting naturally the protection from them. To understand the molecular immun
in patients with autoimmun diseases, we wanted to characterize the profile of cytokines that interact
with TH17 / TREGS to develop treatments biotherapy in autoimmune diseases.
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Material and methods

Ethic Statement

Samples analyzed in our study derived from patients who went to hospital for consultation. Patients
with autoimmune diseases enrolled in our study received effective immunonosuppressors treat-
ment alone or in association with another drug. The study was approved by our National Ethic
Committee for health research in Burkina Faso Ouagadougou. Patients participating in this study
gave written informed consent.

Patients and method

We prospectively enrolled 17 patients who had autoimmune diseases and 17 healthy donors at
University Hospital SOURO SANOU and other privates clinical, from Bobo Dioulasso, BUR-
KINA FASO, between november 2014 and december 2015 for this cohort study. Demographic
characteristics and cytokines profile: IL-2, IL-10, IL-17A, IL-21, IL-22, IL-23, TNF-a and
TGF-P) were determined.

Laboratory assay

Nature of cells

Cytokine secretion was assayed in incubation supernatant of peripheral venous blood mononu-
clear cells (PBMC) from patients with autoimmune disease and healthy donors (control group).
All blood samples were taken at the laboratory of the SANOU souro university hospital in Bobo
Dioulasso, Burkina Faso, after approval of the study protocol by the ethics committee.

Isolation and incubation of peripheral blood mononuclear cells (PBMCs) from whole blood

In each patient, we had taken 10 mL of peripheral venous blood every morning on an empty sto-
mach in two tubes with heparin as an anticoagulant. The whole blood was diluted to (*2) in a Hank’s
balanced salt solution devoid of Ca2 + and Mg?2 + (Gibco BRL, France) with penicillin-strepto-
mycin 100UI/mL (Biochrom KG, Germany). Lymphocytes and monocytes cells were separated
by gradient centrifugation using Ficoll-Histopaque with a density of 1.076 (Sigma) (30 min a
400g).After two successive washes, we resuspended it in RPMI 1640 medium (Gibco BRL) with
10% (v/v)of Fetal calf serum (FCS)inactivated with heat (56 °C, 30 min, Gibco BRL), and we
added antibiotic (penicillin/streptomycin100UI/mL). Cells were incubated, at 2 x 10° cells / well
of 24-well plates (Corning Inc,NY) at 37 ° C in a humidified incubator (95% air - 5% CO2). PBMC
supernatant was diluted in DMSO (dimethylsulfoxide, Sigma; maximum 10% (v / v) per well),
with activation by lipopolysaccharide (LPS) of Salmonella abortus equi,5 .ug / mL) (Sigma).

After 24 hours of incubation, the plates were centrifuged (15 min to 200 g), and the supernatant was
removed and then frozen at -80 ° C. until the Elisa assay performed in the laboratory CERBA in France.

Determination of cell viability
We addided in Malassez cell, 50ul of PBMCs and SOuL of trypan blue for the cell count. Refractive
cells are those that are alive and dead cells absorb trypan blue.

number of living cells
Cell viability (%) =

number of living cells + number of death cells
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Immunoenzymatic technology

The surpernatant from PBMC level of following cytokines: IL-2, IL-10,1L-17A,1L-21,IL-22, IL-
23, TNF-o and TGF-f were determinate using Immunoenzymatic technology Elisa. Briefly, 96
well plates (Corning Inc.) were treated with 25 mL / well of a solution of the first capture mono-
clonal antibody (HalfMoonBay, USA) (Sug / mL) diluted in PBS 0.5% tween (Sigma). The plate
is incubated overnight at 4 ° C., washed three times and the nonspecific binding sites saturated
by incubation for 1 hour at room temperature with PBS 3%milk. After additional washings, we
added 25pL of sample, or human recombinant cytokines used for the standard range (Pharma
Biotechnologies, Germany) for h-1L-2; H-IL-10; h-IL-21; R & D Systems Europe, UK for h-IL-
22; H-IL-23; 1H-IL-17A; h-TGF-f3 and h-TNF-a.. Then, 25 pL of a biotinylated antibody solution
(Antibody Solutions, Half Moon Bay, USA) (2 ug / mL) are duplicated in each well. The plates
are incubated for 2 hours at room temperature. After washing 50 uL, of a solution of streptavidin
-HR peroxidase (Zymed, USA) diluted 1/3000 in PBS1X are deposited in each well. After 1
hour of incubation at room temperature, the enzymatic reaction is revealed by O-phenylenedia-
mine dichlorate (OPD SigmaFast, Sigma). Finally, we read the results of DO, using a spectro-
photometer (OpsysMRDynex® Technology) set at the wave length of 450 nm. Cytokines concen-
tration was determined by interpolation of the standard range, and the results standardized with
control.

Statistical analysis

Statistical analysis was performed using SPSS version 16. Student’s independent t-test was used
to determine the significant difference; P<0.05 was considered as significant.

Results

Characteristics of the study population

The number of visits during the study period was 73950 including 17 cases of autoimmunes diseases.
The referral diagnosis was right in 17/65 patients (26.2%). The incidence was 17/73950 (0.023%).
In group of AID patients (n= 17), there were 16 females and 1 male with a mean age of 29.2 +
3.2 years). The controls consisted of 17 normal healthy who were matched for age and sex with
the patient group. In this group there were 2 males and 15 females with a mean age of 28.7 + 2.3
years.

Cytokine Assay

Cytokines levels in supernatant from PBMCs, namely, IL-2, IL-10, IL-17A, IL-21, IL-22, IL-23,
TNF-a, TGF-, and IFN-y were measured in normal patients (n =17), group of AID patients (n
=17) (table I). It was observed that the mean supernatant from PBMC level of TNF-o was (104.4+15.2
pg/mL) as compared to normal controls at 92.5+12.1pg/mL. There was no significant variation
(table I).

The mean supernatant from PBMC level of IL-2 in control group was 78.1+9.9 pg/mL, whereas
level in group of AID patients was 35.9 + 15.8 pg/mL showing a significant variation (p =0.01).

The mean supernatant from PBMC level of TGF-f3 in the control group was 27.51+7.7 pg/mL, whe-
reas level in group of AID patients was 18.02 £5.6 pg/mL showing a significant variation (p =0.004).
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The mean supernatant from PBMC level of IL-22 in the group of AID patients was 79.5+22.3
pg/mL when compared with the normal controls at 45+17 pg/mL; the variation was significant
(p < 0.006). The mean PBMC supernatant level of IL-17A was high in group of AID patients at
239.8+87.5 pg/mL, as compared to the normal controls at 102.4+42 .3pg/mL. There was also a
significant increase in the group of AID patients as compared to the controls subjects (P=0.024).
The mean supernatant from PBMC level of IL-21 was also in control subjects 85.9+ 15.6 pg/mL
and 198.6+82.7 pg/mL in the group of AID patients. However, there was a significant difference
(P = 0.00001).The mean supernatant from PBMC level of IFN-y in control subjects was
225+31.5pg/mL, but it was higher in group of AID patients at 294.2+40.1pg/mL. And this diffe-
rence was significant (P = 0.000).

The table I show the PBMC supernatant level of TNF-a, IL-2, IFN-y, IL-10, IL-17A, IL-21, IL-
22,1L-23, TGF-f and IFN-y in the Controls and group of AID Patients

Table I: PBMC supernatant level of TNF-a., IL-2, IFN-y, IL-10, IL-17A, IL-21, IL-22, IL-23,
TGF-f and IFN-y in the Controls and group of AID Patients (Mean + SD)

Cultures Control (n =17) Group of AID patients P value
(Pg/mL) (n=17) (control vs. patient)
(Pg/mL)
TNF-a (mean+SD) 92.5+12.1 104.4£15.2 P<0.09 (NS)
IL-2 (mean+SD) 78.1£9.9 35.9+15.8 P=0.01(S)
IFN-y (mean+SD) 225+31.5 294 .2+40.1 P<0.000 (S)
TGF-f (mean+SD) 27.51£7.7 18.02+4.6 P<0.004 (S)
IL-22 (mean+SD) 45+17.7 79.5+2.3 P<0.006 (S)
IL-23 (mean+SD) 84.1+20.4 110+21.1 P<0.008(S)
IL-17A (mean+SD) 102.4+21.8 239.8+67.5 P<0.00001 (S)
IL-21 (mean+SD) 85.9+15.6 198.6 £82.7 P<0.001 (S)
IL-10 (mean+SD) 266.2+25.3 212.6+22.1 P<0.016 (S)
Ratio of mean
IL-2/IL-17A 0.76 0.15 T REGS/TH17

Interleukin 2(IL-2) concentration in supernatant from PBMC of control group and
patients with autoimmune diseases.

We examined the potential role of IL-2 in autoimmune diseases by comparing the IL-2 titers
obtained in the control group and the patient group. We find that the production of IL-2 is signi-
ficantly higher in the control group than in the group of patients (Figure 1). But there was seeded
no significant variation between the different autoimmun diseases (p=0.07).
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Figure 1: IL-2 concentration in the surpernatant from PBMCs at healthy donors and patients
with autoimmun diseases.
Each bar reprents means+ SEM (n= 17for control and n=17 for patients with autoimmune diseases.

Interleukin 10(IL-10) concentration in supernatant from PBMC of control group and
patients with autoimmune diseases.

We examined the potential role of IL-10 in autoimmune diseases by comparing the IL-10 titers
obtained in the control group and the patient group. We find that the production of IL-10 is signi-
ficantly higher in the control group than in the group of patients (Figure 2). But there was seeded
no significant variation between the different autoimmune diseases (p= 0.09).
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Figure 2: IL-10 concentration in surpernatant from PBMCs of healthy donors and patients with
autoimmune diseases.

Each bar reprents means+ SEM (n= 17for control and n=17 for patients with autoimmun diseases.
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Interleukin 17A (IL-17A) concentration in supernatant from PBMC of control group and
patients with autoimmune diseases.

We examined the potential role of IL-17A in autoimmune diseases by comparing the IL-17A titers
obtained in the control group and the patient group. We obtained a significantly lower IL-17A titer
in the control group than the patient group (Figure 3). Also, there was seeded a significant varia-
tion between patient with RA and others autoimmun diseases (p=0.001).

350

Lk
=2
|
—H

== [t [t
(¥, ] [ ] (¥ ]
o N T = |
HH

-

HH
-

IL-17A Titer(pg/mL)

i

Control SLE RA 55G HT  CREST AID

Figure3: IL-17A concentration in surpernatant of PBMCs of healthy donors and patients with
autoimmune diseases.
Each bar reprents means+ SEM (n= 17for control and n=17 for patients with autoimmun

TGF-f} concentration in surpernatant of PBMCs of control group and patients with
autoimmune diseases.

We examined the potential role of TGF-f3 in autoimmune diseases by comparing the different titers
obtained in the control group and the group of patients. We obtained a significantly higher TGF-
Ptiter in the control group than the patient group (Figure 4). There was seeded a significant
variation between patients with HT disease and the others autoimmun diseases (p= 0.03).
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Figure 4: TGF-f} concentration in surpernatant from PBMCs of healthy donors and patients
with autoimmune diseases.
Each bar reprents means+ SEM (n= 17for control and n=17 for patients with autoimmune diseases.

Interleukin 22(IL-22) concentration in surpernatant from PBMCs of control group and
patients with autoimmune diseases.

We examined the potential role of IL-22 also in autoimmune diseases by comparing the IL-22 titers
obtained in the control group and the patient group. We obtained a significantly lower IL-22 titer
in the control group than in the patient group (Figure 5). Also, there was seeded a significant varia-
tion between patient with RA and others autoimmun diseases (p= 0.004) (Figure 4).
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Figure 5: IL-22 concentration in surpernatant from PBMCs of healthy donors and patients with
autoimmune diseases.
Each bar reprents means+ SEM (n= 17for control and n=17 for patients with autoimmune diseases.
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Interleukin 23(IL-23) concentration in surpernatant from PBMCs of control group and
patients with autoimmune diseases.

We examined the potential role of IL-23 in autoimmune diseases by comparing the 1L-23 titers
obtained in the control group and the patient group. We obtained a significantly lower IL-23 titer
in the control group than in the group of patients (Figure 6). But there was seeded no significant
variation between the different autoimmun diseases (p= 0.075).
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Figure 6: IL-23 concentration in surpernatant from PBMCs of healthy donors and patients with

autoimmun diseases.
Each bar reprents means+ SEM (n= 17for control and n=17 for patients with autoimmune diseases.

Interleukin 21 (IL-21) concentration in surpernatant from PBMCs of control group and
patients with autoimmune diseases.

We examined the potential role of IL-21 in autoimmune diseases by comparing the IL-21 titers
obtained in the control group and the patient group. We obtained a significantly lower IL-21titer
in the control group than in the group of patients (Figure 7). Also, there was seeded a significant
variation between patient with SLE; RA and others autoimmune diseases (p= 0.000) (Figure 4).
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Figure 7: IL-21 concentration in surpernatant from PBMCs of healthy donors and patients with

autoimmune diseases.
Each bar reprents means+ SEM (n= 17for control and n=17 for patients with autoimmune diseases.

Interferon gamma (IFN-y) concentration in PBMC surpernatant of control group and
patients with autoimmun diseases.

We examined the potential role of IFN-y in autoimmune diseases by comparing the different titers
obtained in the control group and the group of patients. We obtained a significantly lower IFN-y
titer in the control group than in the group of patients (Figure 8). There was seeded a significant
variation between patients with SLE, RA diseases and the others autoimmun diseases (p=0.002).
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Figure 8: IFN-y concentration in the surpernatant of PBMCs of healthy donors and patients

with autoimmun diseases.
Each bar reprents means+ SEM (n= 17) for control and n=17 for patients with autoimmune diseases.
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Discussion

We found in our study that there was no significant variation of TNF-a. level in normal controls
and autoimmune diseases patients. Most studies agree on a high concentration of TNF-o. in autoim-
mune diseases [3, 25].

The difference with our results is justified by the fact that BURKINA FASO is located in an endemic
or epidemic area of most tropical diseases. The transmission conditions are permanent and the
immune system of the populations is also constantly stimulated by the pathogens or their vec-
tors. Indeed TNF-a is mainly secreted by the subset TH1 cells and confirms the non involve-
ment of these subsets of lymphocytes in the development of AID [25].

In our study, result demonstrated that IL-2, IL-10 and TGF-f levels in the patients group were
significantly lower than the control group. These results agree with the findings of other studies
which indicated that IL-2, IL-10and TGF-} cytokine is decreased during relapses of autoim-
mune diseases [4, 29].A number of studies make clear inhibitory effects of IL-10 in autoimmune
diseases such as MS [3, 5].According theIL-2 and TGF-f3 level in PBMC supernatant, studies
showed that theses cytokines induced Foxp3 expression, but both cytokines were needed to sus-
tain expression of this transcription factor [24]. Other studies have reported that IL-2 is neces-
sary for the survival and “fitness” of natural Treg cells [1, 6,7, 28].

Meyer et al. reported that TGF-f1 secretion by regulatory T lymphocytes inhibit the develop-
ment of EAE [18].In addition, exogenous TGF-f1 can prevent the development of EAE and the
severity of the disease was increased by TGF-f31 neutralization. Also appearance of symptoms
in patients with autoimmune diseases has been associated with TGF-f1 levels [20].

These findings demonstrate inhibitory role of these cytokines on the immune system cells. A defect
in activation of TREGS cells could explain the development of TH17 cells the particular in AID.
Indeed, TREGS cells are normally activated by dendritic cells and secrete IL-10 and TGF-f§ which
are anti-inflammatory cytokines.

In ours study, the results presented showed that supernatant levels of IL-17A, IL-21, IL-22, IL-
23 and IFN-y significantly increased in autoimmune diseases in comparison to healthy controls.

We found in our study that patients with SLE and RA exhibit increased levels of IL-22,IL-21, also,
patients with RA exhibit increased levels of IL-17A. Patient with HT diseases exhibit increased
levels of TGF-f. Similar results haves been showed by many studies [14, 29].

In patients with SLE,MS RA and in experimental models, IL-17 in coordination with IL-21 and
BAFF promotes germinal center formation and influences B cells to produce pathogenic autoan-
tibodies [6,10,16].The genetic association of SLE with polymorphisms of Th17-encoding mole-
cules (eg, IL-21) or their receptors (eg, IL-21R) has been reported [23,27].In addition, genetic
variants of transcription factors (eg, ETS1) that negatively regulate Th17 differentiation can pre-
dispose to SLE [12]. Blocking of the IL.-21 pathway ameliorates the autoimmune symptoms in a
mouse model of SLE [8].

Recently accumulated evidence has indicated that IL-22 also plays an important role in the pathoge-
nesis of many autoimmune diseases. IL-22 is a major cytokine in several autoimmune diseases, such
as psoriasis, rheumatoid arthritis (RA), hepatitis, graft versus host disease (GHVD) and allergic diseases,
implicating that target IL-22 may have a therapeutic potential in those autoimmune diseases [30].
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Based on the level of cytokines such as IL-17A and IFN-y, we demonstrate that the phenotype
IL-17+, IFN-y+ T cell is major in our study. Studies showed that subset Th17 cells with mixed
phenotypes are observed in the peripheral blood and inflamed tissues. These findings imply that
Th17 cells are unstable, and, depending on the type of inflammation and cytokine environment,
Th17 cells can acquire a phenotype of other T-cell subsets, such as IL-17+, IFN-y+ T cells and
IL17+, IL-4+, IFN-y- T cells. Based on more recent data obtained in IL-17A fate-reporter mice,
[9, 28] Th17 cells appear to be stable under acute inflammation, whereas under chronic inflam-
mation, these cells are vulnerable to obtain a mixed phenotype.

We propose that therapeutic targets can be directed to these phenotypes to fight autoimmune
diseases.

Our study showed that supernatant from PBMC level of IL-23 was significantly different between
the two groups. High levels of IL-23 are associated with increasing IL-17 secretion from T cells.
Vaknin-Dembinsky et al. obtained the similar results those monocyte-derived dendritic cells in
autoimmun diseases patients produce greater amounts of IL.-23 compared with healthy controls [2,
26].In addition, it has reported that IL-23 and IL-17 cytokine are crucial in the pathogenesis of the
autoimmun disease. Indeed, mice deficient in IL-23p19 or IL-12p40 are resistant to EAE as well as
collagen-induced arthritis (CIA), another AID. These data also demonstrated that Th17 cells can the-
refore be described as pro-inflammatory cells, involved in many autoimmune diseases [13, 21].

Conclusion

We have shown that patients with autoimmune diseases from Bobo Dioulasso, Burkina Faso
have pro-inflammatory cytokines produced by TH17 cells such as (IL-17A, IL-21, IL-22, IL-23
and IFN-v) are abundantly secreted in supernatants from PBMC. While anti-inflammatory cyto-
kines in the regulatory T-cell pathway (IL-2, IL-10 and TGF-) are poorly secreted during autoim-
mune processes. We also found in the study a high prevalence of the phenotype of the following
TH17 (IL-17 +, IFN-y + T cells). We propose that the therapeutic targets be directed to the phe-
notypes to fight AID.

Author Contributions

Conceived and designed the experiments: SY SG SS TY FF. Performed the experiments: SY TY
SS SG FF. Analyzed the data: SY TY.FF Contributed reagents/materials/analysis tools: SY TY FF.
BW Wrote the paper: SY FF TY SG.

Conflict of Interest

We declare that we have no conflict of interest.

Abbreviations:

AID: Autoimmune Disease; ELISA: Enzyme-linked ImmunoSorbent Assay; HT: Hashimoto
Thyroiditis, MS: Multiple Sclerosis, RA: Rheumatoid Arthritis, SSG: Gougerot-Sjogren’ syn-
drome, SLE: Systemic lupus erythematosus; TGF-f3: Transforming Growth Factor-beta, TNF-a:
Tumor Necrosis Factor.

30

Vol. 40,n° 1 — Janvier-Juin 2017, Science et technique, Sciences de la santé



References

1.ANTONY PA,.PAULOS CM, AHMADZADEH M, AKPINARLI A, PALMERDC, SATO
N, KAISER AHEINRICHS C,KLEBANOFF CA, TAGAYA Y, AND RESTIFO NP. Interleukin-
2-dependent mechanisms of tolerance and immunity in vivo. J. Immunol, 2006, 176: 5255-5266.

2. BABALOO Z, YEGANEH RK, FARHOODI M, BARADARAN B, BONYADI M,
AGHEBATI L. Increased IL-17A but decreased IL-27 serum levels in patients with multiple scle-
rosis. Iran J Immunol, 2013; 10(1):47-54.

3. CALABRESI PA, TRANQUILL LR, MCFARLAND HF, COWAN EP. Cytokine gene expres-
sion in cells derived from CSF of multiple sclerosis patients. J Neuroimmunol, 1998; 89(1-2):198-
205.

4. CARRIERI PB, PROVITERA V,DE ROSA T, TARTAGLIA G, GORGA F, PERRELLA
0. Profile of cerebrospinal fluid and serum cytokines in patients with relapsing-remitting multiple
sclerosis: a correlation with clinical activity. Immunopharmacol Immunotoxicol, 1998; 20(3):373-82.

5. CUCCI A, BARBERO P, CLERICO M, FERRERO B, VERSINO E, CONTESSA G, et
al. Pro-inflammatory cytokine and chemokine mRNA blood level in multiple sclerosis is related
to treatment response and interferon-beta dose. J Neuroimmunol, 2010; 226(1-2):150-7.

6. DOREAU A, BELOT A, BASTID J, RICHE B, TRESCOL-BIEMONT MC, RANCHIN
B, FABIEN N, COCHAT P, POUTEIL-NOBLE C, TROLLIET P, DURIEU I, TEBIB J,
KASSAI B, ANSIEAU S, PUISIEUX A, ELIAOU JF, BONNEFOY-BERARD N. Interleukin
17 acts in synergy with B cell-activating factor to influence B cell biology and the pathophysio-
logy of systemic lupus erythematosus. Nat Immunol, 2009, 10:778-785.

7. FONTENOT JD, RASMUSSEN JP, GAVIN MA, AND RUDENSKY AY. A function for
interleukin 2 in Foxp3-expressing regulatory T cells. Nat. Immunol, 2005, 6: 1142—-1151.

S8.HERBER D, BROWN TP, LIANG S, YOUNG DA, COLLINS M, DUNUSSI-
JOANNOPOULOS K. IL-21 has a pathogenic role in a lupus-prone mouse model and its bloc-
kade with IL-21R. Fc reduces disease progression, J Immunol, 2007, 178:3822-3830.

9.HIROTA K, DUARTE JH, VELDHOEN M, HORNSBY E, L1 Y, CUADJ, AHLFORS H,
WILHELM C, TOLAINI M, MENZEL U, GAREFALAKI A, POTOCNIK AlJ,
STOCKINGERB. Fate mapping of IL-17-producing T cells in inflammatory responses. Nat
Immunol, 2011, 12:255-263.

10. HSU HC, YANG P, WANG J, WU Q, MYERS R, CHEN J, YI J, GUENTERT T,
TOUSSON A, STANUS AL, LE TV, LORENZ RG, XU H, KOLLS JK, CARTER RH,
CHAPLIN DD, WILLIAMS RW, MOUNTZ JD. Interleukin 17-producing T helper cells and
interleukin 17 orchestrate autoreactive germinal center development in autoimmune BXD?2
mice. Nat Immunol, 2008, 9:166—-175.

11. IWAKURA Y, NAKAE S, SALJO S, ISHIGAME H. The roles of IL-17A in inflammatory
immune responses and host defense against pathogens. Immunol. Rev., 2008, 226, 57-79.

12. LENG RX, PAN HF, CHEN GM, FENG CC, FAN YG, YE DQ, LI XP. The dual nature
of Ets-1: focus to the pathogenesis of systemic lupuserythematosus. Autoimmun Rev, 2011,
10:439-443.

Vol. 40, n° 1 — Janvier-Juin 2017, Science et technique, Sciences de la santé 31



13. LOVETT-RACKE AE, YANG Y,RACKE MK. Th1 versus Th17: are T cell cytokines rele-
vant in multiple sclerosis? BiochimBiophysActa, 2011; 1812(2):246-51.

14.KALLAUR AP, OLIVEIRA SR, COLADOSIMAO AN, DELICATO DE ALMEIDA ER,
KAMINAMI MORIMOTO H, LOPES ], et al. Cytokine profile in relapsingremitting mul-
tiple sclerosis patients and the association between progression and activity of the disease. Mol
Med Rep, 2013; 7(3):1010-20.

15. KORN T, BETTELLI E, OUKKA M, KUCHROOYV K. IL-17 and Th17 cells.Annu. Rev.
Immunol., 2009, 27, 485-517.

16. KWOK SK, CHO ML, PARK MK, OH HJ, PARK JS,HER YM, LEE SY, YOUN J, JU
JH, PARK KS, KIM SI, KIM HY, PARK SH. Interleukin-21 promotes Osteoclastogenesis in
rheumatoid arthritis in humans and mice, Arthritis Rheum, 2012, 64:740-751.

17.MALEK TR., YU A, VINCEK V, SCIBELLI P, and L. KONG L. CD4 regulatory T cells
prevent lethal autoimmunity in IL-2Rdeficient mice: implications for the nonredundant function
of IL-2. Immunity, 2002, 17: 167-178.

18. MEYER AL, BENSON J, SONG F, JAVED N, GIENAPP IE, GOVERMAN J and al.
Rapid depletion of peripheral antigen-specific T cells in TCR-transgenic mice after oral admi-
nistration of myelin basic protein. J Immunol, 2001; 166(9):5773-81.

19. MURPHY CA, LANGRISH CL, CHEN Y, BLUMENSCHEIN W, MCCLANAHAN T,
KASTELEIN RA, SEDGWICK JD, CUA DJ. Divergent proandanti-inflammatory roles forlL-
23 and IL-12 in joint autoimmuneinflammation. J. Exp. Med.2003, 198, 1951-1957.

20. RACKE MK, CANNELLA B, ALBERT P, SPORN M, RAINE CS, MCFARLIN DE.
Evidence of endogenous regulatory function of transforming growth factor-beta 1 in experimental
allergic encephalomyelitis. Int Immunol, 1992; 4(5):615-20.

21. ROMAGNANI S. Regulation of the T cell response. Clin Exp Allergy, 2006; 36(11):1357-66.

22. SAKURABA A, SATO T, KAMADA N, KITAZUME M, SUGITA A, HIBI T. Th1/Th17
immune response is induced by mesenteric lymph node dendritic cells in Crohn’s disease.
Gastroenterology, 2009, 137, 1736-1745.

23.SAWALHA AH, KAUFMAN KM, KELLY JA, ADLER AJ, ABERLE T, KILPATRICK
J, WAKELAND EK, LI QZ, WANDSTRAT AE, KARP DR, JAMES JA, MERRILL JT,
LIPSKY P, HARLEY JB. Genetic association of interleukin-21 polymorphisms with systemic
lupus erythematosus. Ann Rheum Dis, 2008, 67:458—461.

24.SONG GUO Z, JUHUA W, PU W,J. DIXON G, and HORWITZ D.A. IL-2 Is Essential
for TGF-Pto Convert Naive CD4 CD25Cells to CD25Foxp3Regulatory T Cells and forExpansion
of These Cells. J Immunol, 2007; 178:2018-2027.

25. STOCKINGER B., VELDHOEN M. Differentiation and function of TH17 cells. Curr.
Opin.Immunol., 2007, 19, 281-286.

26. VAKNIN-DEMBINSKY A, BALASHOV K, WEINER HL. IL-23 is increased in den-
dritic cells in multiple sclerosis and down-regulation of IL-23 by antisense oligos increases den-
dritic cell IL-10 production. J Immunol, 2006; 176(12):7768-74.

32 Vol. 40,n° 1 — Janvier-Juin 2017, Science et technique, Sciences de la santé



27.WEBB R,MERRILL JT,KELLY JA, SESTAK A, KAUFMAN KM, LANGEFELD CD,
ZIEGLER J, KIMBERLY RP, EDBERG JC, RAMSEY-GOLDMAN R, PETRI M,
REVEILLE JD, ALARCON GS, VILA LM, ALARCON-RIQUELME ME, JAMES JA,
GILKESON GS, JACOB CO,MOSER KL, GAFFNEY PM, VYSE TJ, NATH SK, LIPSKY
P,HARLEY JB,SAWALHA AH. A polymorphism within IL21R confers risk for systemic lupus
erythematosus. Arthritis Rheum, 2009, 60:2402-2407.

28. WEI G, WEI L, ZHU J, ZANG C, HU-LI J, YAO Z, CUI K, KANNO Y, ROH TY,
WATFORD WT, SCHONES DE, PENG W, SUN HW, PAUL WE, O’SHEA JJ, ZHAO K.
Global mapping of H3K4me3 and H3K27me3 reveals specificity and plasticity in lineage fate
determination of differentiating CD4 T cells. Immunity, 2009, 30:155-167.

29. YANG J,CHU Y, YANG X, GAO D,ZHU L, WAN L, LI M. Th17 and natural Treg cell
population dynamics in systemic lupus erythematosus. Arthritis Rheum, 2009, 60:1472—-1483.

30. YANG X and ZHENG SG. Interleukin-22: a likely target for treatment of autoimmune diseases.
Autoimmun Rev.,2014 Jun; 13(6):615-20.

33

Vol. 40, n° 1 — Janvier-Juin 2017, Science et technique, Sciences de la santé



