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Epitopes of regulatory T cells (tregitopes) represent linear sequences of amino acids that induce CD4+CD25+Foxp3+ T
lymphocytes expansion both in vitro and in vivo. The tregitopes’ effectiveness was confirmed in autoimmune disease
mouse models and in murine transplant models. Therefore, tregitopes together with regulatory T cells (Tregs) could play
a major role in maintaining immune tolerance. The purpose of the presented study was a selection of potential tregitopes
and assessment of their impact on Tregs expansion. Eight peptides were selected based on the previously published in
silico model and their immunotolerogenic functions. To verify, if selected peptides are potential TCR ligands, the affinity
of selected peptides to overrepresented in patients with autoimmune diseases, HLA-DRB1*04:01 allele, was measured
by surface plasmon resonance. In order to evaluate the impact of potential tregitopes on the induction of Tregs in in vitro
conditions, C57BL6Foxp3GFP mouse antigen presenting cells were co-cultured with naïve syngeneic T cells under
stimulation of selected peptides. CD4+CD25+Foxp3+ and CD4+CD25+Foxp3+IL-10+ cells frequency was analyzed using
flow cytometry. Based on Tregs induction, two tregitopes derived from yeast and adenovirus protein were identified. In
summary, the performed studies allowed an identification of novel putative tregitopes, which application potential
includes their use as immunomodulators in mice.
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INTRODUCTION

Regulatory T cells (Tregs) play a major role in maintaining the
tolerance to self-antigens, controlling immunopathogenic reactions
to infections, establishing the immune privilege during pregnancy
and promoting the transplant tolerance (1-4). Each Treg expresses
the transcription factor Foxp3 (forkhead box P3), which is a master
regulator of the pathway in the development and function of Tregs
(5). In Tregs, Foxp3 may be expressed ab initio during T
lymphocytes’ maturation in the thymus (natural Tregs) or induced
in the periphery in the presence of specialized antigen presenting
cells (APC) and cytokines such as interleukin-2 (IL-2) and
transforming growth factor-β (TGF-β) (induced or adaptive Tregs)
(6). Natural Tregs are mainly responsible for the maintenance of
general homeostasis whereas adaptive Tregs (aTregs) are generated
for the control of local inflammatory response (7).
Tregitopes are Tregs’ epitopes that are responsible for the
suppression of immune response’s effector phase towards own
antigens. De Groot et al. published first reports on tregitopes and
indicated that two sequences present in the immunoglobulin G
(IgG) fraction were able to induce the expansion of Tregs (8).
Tregitopes as IgG-derived Tregs epitopes can be recognized by
the major histocompatibility complex class II (MHC II) after
immunoglobulin internalization and processing by APC. The
sequences comprising a few amino acids that remain after
digestive intracellular processing could be bound within the

MHC-binding groove and presented to Tregs, resulting in their
activation and proliferation (9, 10). So far the effects of
tregitopes were confirmed in a number of mouse models such as:
reduction of the incidence of diabetes in NOD mice (11),
preventing the skin allograft rejection (12) and suppression of
experimental autoimmune encephalomyelitis (EAE) in animal
model for multiple sclerosis (MS) by deactivation of Th17 cells
(13). Moreover, tregitopes effectively induce Tregs in human
peripheral blood mononuclear cells that have been derived from
patients allergic to either house dust mite Dermatophagoides
pteronyssinus or to the major birch tree allergen (8). Putative
tregitopes’ sequences were also identified in other self-proteins
like albumin, fibrinogen and osteocalcin (8, 14). It is also known
that bacteria, viruses, fungi and parasites contain tolerogenic
proteins (15, 19), that may be the source of putative tregitopes’
sequences. It was stated that Lactobacillus acidophilus,
Lactobacillus rhamnosus, Streptococcus thermophilus,
Bifidobacterium longum, Bifidobacterium lactis and Escherichia
coli have influence on the level of cytokines (TGF-β, IL-17)
involved in a regulation of Foxp3 expression and induction of
Tregs (16). Moreover, it was noted that Borrelia burgdorferi and
Vibrio cholerae promote the tolerogenicity of dendritic cells and
induce Tregs differentiation (20, 21). Even though the
aforementioned bacteria modulate a function of the host immune
system, the possible involvement of their tolerogenic
compounds has not been fully elucidated.

898
The presence of tregitopes in drug molecules may demonstrate
beneficial as well as detrimental effects on their therapeutic
potential (11, 22, 23). For instance, applying the tregitopes that
suppress drug immunogenicity in the course IgG therapy, could
increase drug safety (24). On the other hand, the removal of
tregitopes’ sequences from the vaccine proteins reduces their
tolerogenic activity and enhances the efficacy of vaccination (25).
Tregitopes possess significant regulatory function in the course
of autoimmune diseases verified in the human in vitro and mice in
vivo studies (1-7). They are alternatives to typical immunoglobulin
(IVIG) therapy, which is associated with a number of side effects,
such as headaches, tachycardia, diarrhea, toxic epidermal
necrolysis, meningitis and even acute renal failure (26). Therefore,
it is highly probable that tregitopes have the potential to be utilized
in the future in the treatment of autoimmune diseases (24).
Based on these observations, the search for new structures
with a function similar to currently known tregitopes is in
progress. The purpose of the presented study was the selection of
new potential tregitopes and their impact on Tregs expansion. The
examined peptides were identified and selected from human, rat
and microbial proteins. Here, we verified whether our selected
peptides derived from non-self proteins induced differentiation
and expansion of mouse Tregs to an extent comparable to
previously described tregitopes identified by de Groot et al. (8).
MATERIALS AND METHODS

Peptides selection

On the grounds of the earlier created in silico mathematical
model of dependency between chemical structure of tregitopes
and binding strength with MHC class I, published in own studies

(27), a novel similar in silico model in the context of
DRB1*04:01 was formulated. The parameters that were taken
into consideration in this model, were as follows: minimal value
of binding strength with MHC II, isoelectric point,
hydrophobicity index, aliphatic index, number of negatively and
positively charged residues, hydrogen bond donors and
topological polar surface area. Aforementioned parameters were
calculated for all selected peptides. The creation of the model
was based on the in silico analysis of sixteen amino acid
sequences of immunoglobulin G with tolerogenic function
similar to tregitopes. The linear validated correlation between
binding strength with MHC II and physicochemical properties
has been suggested instead of present epitope cluster
classification (unpublished data). Based on the mathematical
model, seven peptides obtained from the proteins demonstrating
the impact on the immune system were chosen for the in vitro
studies. Additionally, one protein without verified impact on
immune response that met the model criteria - Nwd2 protein
from Rattus norvegicus was included into the study (protein
code: A0A0G2JZT1, peptide sequence: NHHNMLLSLST
SGVL, peptide abbreviation: NHH). Unfortunately, the Authors
are not able to publish another part of the studies concerning the
in silico model of the relationship between regulatory T cell
epitope structure and binding to the major histocompatibility
complex class II as it is undergoing the patent procedure (patent
application number: PCT/PL2017/0050054).

Analysis of real-time interaction of tregitopes with MHC II by
surface plasmon resonance

The binding of peptides to MHC II DRB1*04:01 (TCMetrix,
Switzerland) immobilized on NTA (GE Healthcare) sensor chips,
was analyzed by surface plasmon resonance (SPR) using BIAcore

Table 1. Characteristics of examined peptides selected for the in vitro analysis.
Protein
code
P01857

P03244

P52960
C7DQA2
Q93009
Q5H9R7

Protein name
region C of human IgG, chain 1
E1B 55 kDa protein of human adenovirus
C, serotype 2 (HAdV-2)
peroxisome proliferation transcriptional
regulator from S.cerevisiae
external surface of protein A from
B.bavariensis
human hydrolase 7 C of the end of
ubiquitin
subunit 3 of human phosphatase 6 of
proteins serine/threonine

Q9UQC1 human heat shock protein 72
T2BRB8

subunit of cholera toxin A from
V.cholerae
synthetized peptide based on the

Edratide

complementarity-determining region 1 of
a human anti-DNA mAb

Peptide sequence
EEQYNSTYRVVSVLTV

Peptide
abbreviation
EEQ

LHQDW

Impact on the immune system
positive control - verified impact on

References
(11)

immune response modulation
FSG

adenoviral vectors as means of

(30)

circumventing of innate immune

FSGTVFLANTNLILH

responses induction
WLSIISMATLESSLK
LKDFALEGTLAADKT
DELLECLSPATSRTF
LMKLYSFLLNDSPLN
LNVLRIINEPTAAAI
SLRSAHLVGQTILSG
GYYWSWIRQPPGKGEE
WIG

WLS

regulation of host immune response as a

(31)

mechanism of probiotics action
LKD

presence of Treg during the B.

(20)

burgdorferi sensu lato infection
DEL

increase of Treg suppressive capacity by

(28)

stabilizing transcription factor Foxp3
LMK

potential important role in maintaining

(32)

immune self-tolerance
LNV

indirect or direct stimulation of Tregs

(33)

SLR

promotion of dendritic cells

(21)

tolerogenicity and Treg differentiation
GYY

lack of impact on immune response and

(34)

efficacy of the drug

IgG, immunoglobulin G; Treg, regulatory T cells; Foxp3, transcription factor of regulatory T cells; mAb, monoclonal antibody; kDa,
kilodalton; single-letter amino acid symbols: A, alanine; R, arginine; N, asparagine; D, aspartic acid; C, cysteine; Q, glutamine; E,
glutamic acid, G, glycine; H, histidine; I, isoleucine; L, leucine; K, lysine; M, methionine; F, phenylalanine; P, proline; S, serine; T,
threonine; W, tryptophan, Y, tyrosine; V, valine.
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T200 (GE Healthcare). All binding experiments were carried out at
25ºC with a 30 µL/min flow rate. To determine peptides’ affinity to
the immobilized protein, 150 µL of five different concentrations (0,
50, 100, 200, 400 nM) of peptides’ solutions (Table 1), as well as a
sample buffer blank, were passed over the ligand-immobilized chip
surface (association phase) for 240 seconds, followed by 720
seconds of dissociation with the running buffer. The same samples
were passed over a control chip surface without immobilized
ligand. Three replicates of each analyte concentration were
injected. The resulting sensograms were obtained first by
subtracting the buffer blank from curves recorded for the
interactions of peptides with immobilized protein. Then the curves
recorded when peptides were passed over the blank surface were
subtracted from such sensograms. The equilibrium constants were
determined using BIAevaluation software. For global fitting a 1:1
Langmuir binding model with an included mass transport step was
applied based on criteria provided by the BIAevaluation handbook.
As a result of SPR analysis, kinetic parameters of peptides’
affinity to MHC II were determined. Among these kinetic
parameters were: association rate (ka) and dissociation rate (kd),
that enabled calculation of binding affinity constant KD = kd / ka.
In vitro studies

The homology analysis, mentioned in the patent of Epivax
by de Groot et al. (14), has shown a tregitopes’ conservation
across non-human species such as mouse, rat, cat, camel, cow
and non-human primates. On this basis, we investigated the
impact of selected peptides on mouse cells (13).

Peptides

In vitro T lymphocytes stimulation was performed with the
use of all designed peptides (Table 1). The purity of peptides was
in the range of 90.07% to 95.24% (Table 2). A positive control
was tregitope 289 (EEQ) with confirmed regulatory function
(14) and a negative control was a cell culture stimulated without
any peptides. To verify the impact of utilized peptides’ solvents
on Tregs proliferation, the cells were also cultured with the same
combination and concentration of added solvents.

On the basis of the molecular charge differences, three
groups of peptides were identified (with negative total charge,
neutral total charge, positive total charge). Each of peptides was
dissolved according to the manufacturer’s recommendations
(GeneCust Europe Laboratoire de Biotechnologie du
Luxembourg S.A.) (Table 2).
Animals

Thirty adult (6 – 8 week-old) female of C57BL6 Foxp3GFP
strain were used in an experiment. These transgenic mice
expressed green fluorescent protein (GFP) under control of the
mouse Foxp3 promoter. It was shown that intensity of the GFP
fluorescence was proportional to the Foxp3 transcript level.
Thus, it allowed the identification of Tregs by the level of
expression of the GFP.
All of the mice were housed in a dark-light cycle (12:12)
under optimal (temperature: 20 – 24ºC; humidity: 50 ± 10%) and
specific pathogen free conditions in the Laboratory Animal
Facilities of the Hirszfeld Institute of Immunology and
Experimental Therapy, of the Polish Academy of Sciences in
Wroclaw. During the experiments the animals received standard
autoclaved food for rodents (Ssniff, V1534-300) and water ad
libitum. The study was carried out in strict accordance with the
most recent legal regulations and did not require ethical approval
(35, 36). Each peptide was repeated fifteen times utilizing 30
mice. Because of the insufficient number of cells, it was not
possible to utilize only 15 mice to verify all selected peptides.

Isolation of splenocytes and magnetic cell sorting of antigen
presenting cells and CD4+CD25–

Animals were anesthetized by using an automatic delivery
system that provides a mixture of isoflurane and oxygen and
euthanized by cervical dislocation and then a spleen was
dissected. A single cell suspension of splenocytes was obtained
as previously described (37, 38). In brief, isolated spleens were
squeezed through a 40 µm cell strainer (BD) to the 0.84%
ammonium chloride solution and washed twice (4ºC, 300 × g, 10
min) in Sorting Buffer (PBS buffer supplemented with 2 mM

Table 2. The characteristics of examined peptides with reference to the total molecular charge, used solvents and peptides’ purity.
Molecular
charge
Negative
charge

Neutral charge

Positive charge

Peptide sequences

Solvents

Purity

EEQYNSTYRVVSVLTVLHQDW

Distilled water

90.03%

LKDFALEGTLAADKT

Distilled water

91.66%

DELLECLSPATSRTF

Distilled water

91.31%

GYYWSWIRQPPGKGEEWIG

Acetonitrile

90.07%

WLSIISMATLESSLK

Acetonitrile, DMSO

90.08%

LMKLYSFLLNDSPLN

Acetonitrile, DMSO, urea

93.43%

LNVLRIINEPTAAAI

Acetonitrile

93.86%

SLRSAHLVGQTILSG

Distilled water

92.08%

Distilled water, acetic acid,

95.24%

FSGTVFLANTNLILH
NHHNMLLSLSTSGVL

TFA
Distilled water

91.88%

Single-letter amino acid symbols: A, alanine; R, arginine; N, asparagine; D, aspartic acid; C, cysteine; Q, glutamine; E, glutamic acid;
G, glycine; H, histidine; I, isoleucine; L, leucine; K, lysine; M, methionine; F, phenylalanine; P, proline; S, serine; T, threonine; W,
tryptophan; Y, tyrosine; V, valine; DMSO, dimethyl sulfoxide; TFA, trifluoroacetic acid.
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EDTA and 2% fetal bovine serum) (Biowest). Next, following
cell subpopulations were sorted sequentially with the use of the
positive selection method according to the manufacturer’s
recommendations (Stemcell Technologies): CD11c+ cells,
CD11b+ cells and CD4+CD25– cells. Due to the requirement of
higher purity of the sorted subpopulations, no more than 4 × 106
splenocytes were separated. Purity of isolated cells was
confirmed by flow cytometry analysis by staining with: antimouse CD4 PE antibody (eBioscience, clone RM4-5), antimouse CD25 PE-Cy7 antibody (eBioscience, clone PC61.5),
anti-mouse CD11c FITC antibody (eBioscience, clone N418)
and anti-mouse CD11b antibody APC (eBioscience, clone M170). The average purity of all sorted cells was 85% or higher.

Antigen presenting cells / CD4+CD25– co-cultures

APCs: CD11c+, CD11b+ were pooled in 1:1 proportion.
CD4+CD25– lymphocytes and APCs were then suspended in
culture medium: RPMI 1640 (Sigma-Aldrich), 10% fetal bovine
serum (Gibco), L-glutamine-penicillin-streptomycin (SigmaAldrich, stock 1:100), 50 µM β-mercaptoethanol (Sigma-Aldrich),
sodium pyruvate (Gibco, stock 1:100), HEPES (Gibco, stock
1:100), MEM non-essential amino acids solution (Gibco, stock
1:100). Then, APCs were placed in a 96-well round-bottomed
culture plate in an amount of 5 × 104 cells/well. Then, the cells were
treated with mitomycin C (Cayman Chemical) for 30 min at 37ºC.
After triple washing in RPMI 1640 medium, the cells were
resuspended in medium supplemented with IL-2 (8 ng/mL), TGFβ (4 ng/mL) and 1 × 105 CD4+CD25– cells/well. Next, examined
peptides in a concentration of 100 µg/mL were added to each well
(39). The cells were incubated for 6 days, in 5% CO2 and at 37ºC.
Every second day, 50% of the medium was changed and refilled
with fresh medium supplemented with IL-2 and TGF-β.
Flow cytometry staining and analysis

For intracellular staining of IL-10, the last 6 hours of coculture, cells were stimulated with brefeldin A: 10 µg/mL

(Cayman Chemical), ionomycin: 1 µg/mL (Cayman Chemical),
phorbol 12-myristate 13-acetate: 0.1 µg/mL (Cayman Chemical)
and monensin A: 2 µM (eBioscience). After incubation, cells were
washed twice and the intracellular staining was performed
according to the manufacturer’s instructions (Foxp3/Transcription
Factor Staining Buffer Set, eBioscience). Briefly, cells were
stained with anti-mouse CD4-PE antibody (eBioscience, clone
RM4-5) and anti-mouse CD25-Pe-Cy7 antibody (eBioscience,
clone PC61.5) for 30 min at 4ºC in the dark and washed with
Staining Buffer (PBS buffer, 0.5 mM EDTA, 1% fetal bovine
serum and 0.002% NaN3). Then, cells were fixed for 14 h at 4ºC
in the dark, washed twice with Fixation/Permeabilization Buffer
(eBioscience) and stained for 1 hour at 4ºC in the dark with antimouse IL-10 APC antibody and the appropriate isotype control
(RatIgG2bκ clone JES5-16E3, eBioscience) in the same
concentration as the specific antibody (1 hour, 4ºC, in the dark).
Afterwards, cells were washed twice with Permeabilization Buffer
and analyzed on FACSCalibur II (BD Pharmingen). All analyses
were carried out with the use of Weasel 3.0.2 software (Walter and
Eliza Hall Institute, Parkville, Australia).

Absolute regulatory T cells count

Absolute Tregs count (a number of cells in the sample
withdrawn from one well of culture plate) was determined with
the use of the ‘dual platform’ method (40). It consisted of three
steps. Firstly, the number of lymphocytes in the selected wells was
counted with the use of Bürker’s chamber. Secondly, that sample
was analyzed by flow cytometer and the percentage of Tregs in the
whole lymphocyte population was counted. Finally, these
percentage values were calculated with reference to absolute
lymphocyte count. In that way, absolute CD4+CD25+Foxp3+
(Tregs) count and absolute Tregs producing IL-10 count were
calculated. Apart from that, the total number of CD4+ and
CD4+CD25+Foxp3+IL-10+/CD4+ ratio was calculated based on the
gating procedure (Fig. 2). The relative level of IL-10 in gated
CD4+CD25+Foxp3+ cells was shown as the specific mean
fluorescence intensity (MFI) based on the difference between the

Fig. 1. The binding of selected peptides to MHC II DRB1*04:01 allele analyzed by surface plasmon resonance. Interaction of (A)
GYY peptide (Edratide) and (B) EEQ peptide (positive control, tregitope 289) (C) SLR, (D) NHH, (E) DELL (F) LNV with
immobilized MHC II with the use of SPR. Lines represent different analyte concentration in HBS buffer. Binding data collected at
flow rate 30 µL/min and represented as sensograms in relative units (RU).
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MFI of the specific stained cells and the isotype-matched control
stained cells.
Statistical analysis

All statistical calculations were performed in GraphPad 6
(GraphPad Software, Inc., La Jolla, CA, USA). The surface
plasmon resonance was conducted in at least three independent
runs. The statistical analysis was performed using Student's ttest. For a comparison of Tregs induction and their IL-10
production under the influence of selected peptides KruskalWallis test and post hoc Dunn’s multiple comparison test were
used. A P-values less than 0.05 were considered as statistically
significant.

RESULTS

Surface plasmon resonance

The affinity of peptides to MHC II complex was analyzed by
SPR (Fig. 1). Mean KD of positive control reached 8.11 × 10
and was linked to stronger interparticle interactions. The binding
affinity of the Edratide (GYY) to MHC II was below the
detection level of the instrument, which means that KD was
lower than 10–6. Statistical significance between GYY and
positive control was demonstrated at the level of P < 0.001.
Calculated KD values for peptides NHH, DEL and SLR were as
follows: 5.41 × 10–9, 2.03 × 10–9, 2.31 × 10–8, respectively. The
determination of KD values for LKD, LNV and LMK were
–8

Fig. 2. Representative dot plots
of flow cytometric analysis of
mouse splenocytes under
stimulation of selected FSG
peptide. Naïve T cells were cocultured with mouse antigen
presenting cells and stimulated
with one of the selected peptide
(FSG peptide). Cells were tricolour stained for the presence
of surface (CD4 and CD25) and
intracellular IL-10 antigens.
CD4+CD25+ cells are located in
the rectangular gate (A). The
distribution of subpopulation of
gated CD4+CD25+ cells stained
for IL-10 antigen (X axis) and
for Foxp3 expression (Y axis) is
presented on the second dotplot (B).

Fig. 3. The total number of CD4+ and CD4+CD25+Foxp3+IL-10+/CD4+ ratio after stimulation of APCs/CD4+CD25– co-culture with
selected peptides. Number of (A) CD4+ cells, (B) CD4+CD25+Foxp3+IL-10+/CD4+ ratio after co-culture of naïve T cells with mouse
antigen presenting cells and stimulated with selected peptides. Results are expressed as the mean number of CD4+ cells and
CD4+CD25+Foxp3+IL-10+ from one well (± S.D.) calculated using the dual platform method (n = 15 per peptide, Kruskal-Wallis with
the Dunn's multiple comparison post hoc test, *P < 0.05, **P < 0.01, ***P < 0.001).
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below the detection level of BIAcore T200. Moreover, the KD
values for WLS and FSG could not have been calculated.

Regulatory T cells expansion and interleukin-10 production

To verify the immunosuppressive function of selected
peptides and whether the peptides could stimulate the expansion
of aTregs, absolute number of Tregs and total number of CD4+
cells were calculated based on the gating procedure (Fig. 2).
Investigation of the total number of CD4+ cells revealed that
addition of GYY, NHH, LKD, LMK, LNV, DEL and SLR
peptides did not change the number of CD4+ cells and
maintained at the same level as negative control (Fig. 3A)
Whereas, three other peptides: EEQ, FSG and WLS significantly
decreased the number of CD4+ cells (2901.29 ± 1277, 4532.82 ±
1915, 4849 ± 2076, respectively) comparing to non-stimulated
cells (8135 ± 3094) (P < 0.0001). At the same time
aforementioned peptides significantly increased the absolute
number of CD4+CD25+Foxp3+ (Tregs) in comparison to negative
control as well as to remaining peptides (Fig. 4A) (P < 0.0001).
However, among those peptides, only WLS peptide significantly
induced the number of Tregs producing IL-10 at the level of
338.4 ± 289.7 in comparison to all examined peptides and
negative control (Fig. 4B). Similarly, the FSG peptide also
significantly increased the number of cells producing IL-10
(165.2 ± 98.74) (Fig. 4B) but only in comparison to negative
control (50.91 ± 24.72) and to LNV (44.76 ± 24.28), LKD (39.78
± 17.46) and DEL (41.32 ± 17.88) peptides (P < 0.01).
Interestingly, the positive control did not show any differences in
the number of Tregs producing IL-10 comparing to negative
control (Fig. 4B) (P > 0.05). Although FSG, WLS and EEQ
peptides increased the number of Tregs, they did not
significantly increase the level of IL-10 (MFI value) in
comparison to negative control (Fig. 4C). However, we observed
higher MFI values after addition of DEL, SLR, FSG peptides in
comparison to positive control, that were equal to –8.360 ±
20.41, 17.26 ± 20.67, 14.48 ± 15.36, respectively (Fig. 4C).
The calculated CD4+CD25+Foxp3+IL-10+/CD4+ ratio for
EEQ, FSG, WLS peptides was significantly higher than for the
rest of the peptides and 3.67; 4.67; 8.88 times higher than for
non-stimulated cells, respectively (P < 0.0001) (Fig. 3B).
Interestingly, with regard to FSG and WLS peptides, the
CD4+CD25+Foxp3+IL-10+/CD4+ ratio was 1.27 and 2.27 times
higher than positive control, respectively (P < 0.0001) (Fig. 3B).
The verification of the effects of the utilized solvents in
concentrations and combinations added in the experiment did
not show any impact on the number of regulatory T cells and
Tregs inducing IL-10 production (data not shown).
DISCUSSION

Fig. 4. The absolute Tregs and Tregs producing IL-10 count after
stimulation of APCs/CD4+CD25– co-culture with selected peptides
and mean fluorescence intensity (MFI) of IL-10 in
CD4+CD25+Foxp3+ cells. Number of (A) CD4+CD25+Foxp3+
cells, (B) CD4+CD25+Foxp3+IL-10+ cells and (C) the relative level
of IL-10 in CD4+CD25+Foxp3+ cells (MFI) after co-culture of
naïve T cells with mouse antigen presenting cells and stimulated
with selected peptides. Results are expressed as the mean number
of CD4+CD25+Foxp3+ and CD4+CD25+Foxp3+IL-10+ cells from
one well (± S.D.) calculated using the dual platform method (n =
15 per peptide, Kruskal-Wallis with the Dunn's multiple
comparison post hoc test, *P < 0.05, **P < 0.01, ***P < 0.001).

The tregitopes definition concerns the amino acid sequences
presented via MHC II molecules that are able to convert naïve T
lymphocytes to aTregs and finally suppress the effector T cell
responses by up-regulating the production of associated
cytokines (8). Recent scientific contributions on proposed
mechanisms of induction and expansion of Treg cells by
intravenous immunoglobulin (IVIG) have revealed multiple
pathways dependent on cyclooxygenase 2, DC immunoreceptor,
interleukin 33, among which tregitopes, could have the crucial
meaning (41). From 2008, when first reports on tregitopes were
presented, no putative tregitopes’ sequences have been
discovered so far. Therefore, we selected potential tregitopes and
examined their impact on Tregs expansion in mice. The
induction of Tregs leading to an immune response suppression
could prevent autoimmune diseases and allergies (42-44). Thus,
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seeking for new biological drugs that could enable an effective
therapy is demanded and still in progress.
One of the assumptions of the in silico studies was that the
peptides’ binding to MHC II is one of the important property of
potential tregitopes. It is known that the affinity to MHC II is a
necessary feature for presenting tregitopes. However, it does not
mean that any peptide presented by MHC II can cause the Tregs
induction.
The presented studies proceeded through several stages. The
first one consisted of in silico analysis of potential tregitopes
whereas the second stage was the analysis of the peptides’
binding strength to HLA-DRB1*04:01 allele by SPR as a
verification of probability of the utilized tregitopes’ presentation
by APC in humans.
Then, the analysis of the selected peptides was performed in
the in vitro mouse model experiments. The research carried out
by de Groot et al. (8, 14) showed that tregitopes’ structures
derived from IgG are conserved among species and are potent to
induce Tregs in different species.
Therefore, we utilized in our mouse model IgG-derived
tolerogenic peptides - EEQ and GYY called Eratide that is a
synthetized peptide based on the complementarity-determining
region 1 (hCDR1) of a human anti-DNA mAb.
Aforementioned in vitro analysis was preceded by an
analysis of the peptides binding strength to HLA-DRB1*04:01
allele by SPR. The HLA-DRB1*04:01 allele was selected based
on its common overrepresentation in patients with severe
autoimmune diseases (45). Experimental methods enabled
determining KD for only half of examined peptides. The binding
of LMK, LNV and LKD peptides to MHC II HLA DRB1*04:01
in tested conditions was below the detection level of BIAcore
T200. Due to limited solubility of FSG and WLS peptides and,
therefore presence of moderate concentrations of acetonitrile,
trifluoroacetic and acetic acid, it was impossible to determine
unique dissociation constants. Statistically significant difference
in the affinity of GYY and positive control (EEQ) peptides to
MHC II ligand indicates that EEQ is MHC II-binding sequence
and possesses one of major characteristics for tregitopes. Lack of
binding with MHC II for LMK and LNV peptides and negative
value of IL-10 MFI proves that none of them could be fully
presented by APC and therefore could not induce Tregs
expansion.
Although the SPR analysis demonstrated moderate or even
high affinity to MHC II ligand for GYY, NHH, SLR and DEL
peptides, the in vitro studies did not confirm their ability to
induce Tregs. This means that not every peptide binding to MHC
II should be classified as tregitope. Moreover, the results of in
vitro investigations have shown that sample with GYY
(Edratide) and negative control which was cell culture without
any peptides, did not statistically induce the expansion of
CD4+CD25+Foxp3+ cells with reference to positive control (P <
0.001). This fact was demonstrated in other studies, in which
Edratide failed the second phase of clinical trials on SLE (34)
because of general efficacy absence. Although the earlier
presented studies showed very moderate effects of Edratide on
downregulation of pro-inflammatory cytokines in vivo and in
vitro in murine SLE models and in human lupus and
upregulation of immunosuppressive cytokines with induction of
Tregs, our research did not confirm any immunosupresive
activity of Edratide. So far, only one group of scientists points to
the tolerogenic function of Edratide concerning the
CD4+CD25+Foxp3+ proliferation. In our model Edratide’s mode
of action was not proven. However, utilized positive control,
demonstrated the impact on Tregs proliferation. At this stage of
research it is not possible to indicate the main reason of these
phenomena. Currently, it requires further investigations and
verification of the model sensitivity.

Similarly to Edratide, the SLR sequence from fusion protein
CTA1R9K-hMOG10-60-DD was not classified positively as a
tregitope in our studies (46). Both potential tolerogenic
sequences were verified negatively in second phase of clinical
trials on SLE and primate model of EAE.
On the other hand, two other peptides: FSG and WLS
induced the expansion of CD4+CD25+Foxp3+ and
CD4+CD25+Foxp3+IL-10+ cells. Although those peptides
increased the number of Tregs producing IL-10, we did not
observe increased MFI value in comparison to non-stimulated
cells. However, both of them demonstrated positive MFI values
in opposite to verified tregitope - EEQ peptide, which showed
negative MFI value. Also, DEL, LMK, LNV and NHH peptides
showed negative value of MFI. This observation could be caused
by a small CD4 CD25+Foxp3+IL-10+ population in face of a
huge CD4+CD25+Foxp3+IL-10– population. Notably, negative
values could be a consequence of two different operations.
Firstly, a subtraction process that instruments do on an event-byevent basis before reporting the data. This process can result in
a value less than zero for events that have essentially no
fluorescence, because the error in the estimation of the
background can exceed the absolute magnitude of the
background itself. Secondly, the compensation, which subtracted
values from the fluorescence signal based on the fluorescence in
other channels and the error in the estimation of the amount to
subtract can therefore exceed the absolute magnitude of the
value after subtraction. With both of these operations, this could
end up with observed in our experiment negative MFI values
(47). Although WLS peptide significantly increased the number
of IL-10 producing Tregs, the IL-10 MFI was not statistically
different among the peptides. It could be caused by significant
differences in IL-10 expression among the cells. Similar results
were observed in the Su and Rossi studies on immunogenicity of
proven tregitopes: 167 and 289 (39). Interestingly, in two
selected peptides (WLS and FSG) and positive control, we
observed the decreased level of total CD4+ cells number, which
could indicates their immunosuppressive impact on the CD4+
cells. In addition, the high CD4+CD25+Foxp3+IL-10+/CD4+ ratio
in both peptides - WLS and FSG can confirm the fact that active
Tregs do not contribute to CD4+ cells proliferation, despite the
favourable cytokine conditions (Il-2, TGF-β), and lead to switch
on the tolerogenic mechanisms of immune system.
Here we present two novel tregitopes. The conducted study
enabled a search and confirmation of Tregs’ induction of two so
far undiscovered tregitopes. FSG tregitope was identified in
P03244 protein that came from human adenovirus C, serotype 2
(HAdV-2) (28, 29). Whereas, the second one, WLS, was
identified in P52960 protein - peroxisome proliferation
transcriptional regulator from Saccharomyces cerevisiae (28, 29).
FSG tregitope was discovered in an adenovirus protein that
is pathogenic towards humans. It might be an indirect evidence
that pathogens, which possess putative tregitopes sequences,
decrease the level of host immune response and enable further
organism penetration whilst host immune response impairment.
It has been scientifically proven that an influence of viruses on
organism immune system is related to a suppression of Tregs’
function (48). The adenovirus vector - mediated gene transfer
studies on a treatment for cystic fibrosis demonstrated
significant decrease of Tregs activity (49). On the grounds of
these results, it might be hypothesized that tolerogenic
sequences are one of the methods of host virus-directed immune
response avoidance.
The second of discovered tregitopes was WLS. A presence of
that peptide in Saccharomyces cerevisiae, is an indirect evidence
of promoting intestinal immune tolerance by occasional digestive
commensals (50). Therefore, it might be concluded that the
presence of tregitopes in the commensals’ proteins could play the
+
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role in one of the homeostasis maintenance mechanisms.
Similarly to gut microbiota, Saccharomyces boulardii, a strain of
Saccharomyces cerevisiae, with known probiotic properties
demonstrates the beneficial effects on immune system
modulation (51). Its ability to engage immune cells and influence
cytokine secretion in vitro was confirmed in the studies on the
rodent colitis models where positive impact on disease outcome
was proven (52). Additionally, it was shown that S. boulardii
reduces pro-inflammatory response (53), promotes intestinal
mucosal anti-inflammatory signalling effects by Tregs
stimulation (54) and increase of anti-inflammatory cytokine IL10 expression (55). Thus, presented research indicates a
meaningful role of P52960 protein with reference to the immune
system balance of the large intestine.
From 16 amino acid sequences that were selected in in silico
study only 2 of them demonstrated tolerogenic properties in in
vitro conditions. That indicates the necessity to include new,
other potential tolerogenic sequences to precise the in silico
model, that could be utilized to search for further amino acid
sequences. In general, the conclusion of all in silico studies
concerning chemical structures as well as biological drugs is that
every in silico study should be verified in in vitro conditions and
animal models (11, 27). However, as indicated in our own
studies, which showed differential response of mouse cells
towards EEQ and GYY peptides in comparison to human cell
response, the investigations carried out utilizing mouse model
need further verification in humans.
Tregitopes discovered 10 years ago are a novel direction of
researches on the suppressive function of immune system. The
earlier proposed CD4+CD25+Foxp3+ T lymphocytes in vitro
expansion induced by tregitopes has also been confirmed in this
paper, with reference to two new tregitopes, FSG and WLS.
Known tregitopes 167 and 289, as well as FSG and WLS could be
therapeutic agents in autoimmune diseases such as: SLE, diabetes
mellitus, rheumatoid arthritis and MS. Therefore, there is a need
for further studies on the application potential of tregitopes in
therapy of aforementioned diseases. One of the directions, where
both discovered tregitopes should be used is an optimization of
immunogenic biological drugs, for instance mAb. However, a
detailed functional analysis of the presented sequences still needs
to be verified under in vitro and in vivo conditions.
The presented manuscript indicates the potential use of
tregitopes concerning immunomodulatory mode of action in a
range of suppression of immune system through: inhibiting the
antigen-specific activity of nearby auto-reactive effectors and/or
by changing the phenotype of the effectors to an induced Treg
(iTreg) phenotype, by direct suppression of bystander T cells,
through expression of certain cytokines and/or by modulation of
the antigen-presenting cell (APC) towards a tolerance-inducing
phenotype (56).
On the other hand there are two reports undermining the
mechanism of action of tregitopes (34). In the Sorde et al. paper,
authors did not realise that one molecule of IgG contains
approximately 105 duplicated sequences of potential tregitopes
(58). This means that the analysis of the impact of IVIG on the
percentage of Tregs could not be an element of comparison for
the influence of a single sequence on Tregs percentage. A
process that would actually correspond to such a model would be
the use of a mixture of an appropriate number of tregitopes. In
this case, the comparison concerns completely different doses of
single tregitopes, that should be 100 times higher. On this basis,
it is difficult to draw a meaningful conclusion and to compare
our results with work of Sorde et al. (58). In order to be able to
compare the effect of synthesized tregitopes as well as IVIG, and
their effect on Tregs percentage, it would be necessary to
significantly reduce the IVIG concentration or increase the
number of synthetic tregitopes.

Initially, it was assumed that IVIG therapy could increase
immune tolerance resulting in the discovery of tolerogenic
peptides, which in many in vitro tests and in in vivo models
stimulated Tregs expansion. However, transformation of whole
proteins leading to peptides’ presentation in the context of MHC
II and Tregs induction is a multi-step process and probably not
all native peptides are able to imitate phenomena of a full
antigen presentation process. Hence, the lack of tregitopes’ Tregs
stimulation in Sorde et al. study and the failure of the second
clinical phase of Edratide were observed (34, 58). Therefore, in
the presented study, we suggest looking for new tregitopes
considering a different algorithm for their selection.
Moreover, the aforementioned study may contribute to
further investigations on: the use of tregitopes as a tolerogenic
sequences for the treatment of allergies, the minimization of
antidrug antibodies’ response, the elimination of tregitopes from
the sequences of proteins present in vaccines to enhance
antigenicity and immunogenicity, the search for tregitopes
produced by pathogens and commensals to clarify the
pathogenesis of autoimmune diseases and their role in
maintaining homeostasis. However, despite the presented study
confirmed the action of two tregitopes of foreign origin, a full
verification of their immunosuppressive function still needs to
be performed under in vitro and in vivo conditions in humans
since the Tregs expansion under treitopes’ stimulation in mice
and humans may vary.
To sum up, these studies broaden the current knowledge of
tregitopes’ source and application potential. The result of this
study is the discovery of two diverse tregitopes isolated from
virus and yeast proteins with a verified impact on Tregs
induction and their IL-10 production in mice.
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