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A STUDY OF THE REPERTOIRE OF ACTIVATED T-CELL CLONES OBTAINED
FROM A PATIENT WITH ANKYLOSING SPONDYLITIS
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Recent studies of T-cell clonal repertoires of patients with ankylosing spondylitis (AS) have led to the discovery of AS-associated
T-cell clones with a highly homologous T-cell receptor structure. The role of T-lymphocytes in the disease progression cannot
be elucidated without analyzing the diversity and abundance of functionally different T-cell clones found in patient with AS.
Using a state-of-the-art technique for T-cell repertoire profiling based on massively parallel sequencing, we, for the first time,
studied the T-cell repertoire of activated T-cells from the peripheral blood of a patient with AS. We have demonstrated that
a subpopulation of CD38*HLA-DR* T-lymphocytes is highly diverse both in terms of clonal diversity and abundance of the
identified clonotypes, suggesting diverse antigen specificity of the activated peripheral blood T-cells. Most of the activated
T-cell clonotypes had low abundance in total population of peripheral blood T-cells. In the repertoire of activated T-cells we
have found the clonotype TRBV9_CASSVGVYSTDTQYF_TRBJ2-3, previously discovered in AS and reactive arthritis, and a few
other clonotypes of cytotoxic and helper T-cells that may have a role in promoting inflammation in AS patients. Presence of the
AS-associated clonotypes in activated T-cell subset suggests that the T-cells might play an active role in ongoing inflammation
during the disease progression. This provides rationale for further research of their antigen specificity and role in triggering or
maintaining AS.
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NCCNEOOBAHUNE KJITOHAJIbHOIO PEMEPTYAPA ®PAKLIU
AKTUBNPOBAHHbIX T-TMM®OLIUTOB Y NALUMUEHTA
C AHKWJI103UPYHOLLIAM CINMOHAUTUTOM
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HenaBH1e 1ccnenoBanHWst KNOHaNBHOro pernepTyapa T-KNeToK NMpu aHKUNosupytoLemM croHamnmte (AC) no3somnm naeHTu-
uumpoBaTh rpynny KINOHOB T-IMMMOLUUTOB C BbICOKOTOMOSIOMMYHOW CTRYKTYPOM T-KNETOYHOrO peuenTopa, acCoLMmnMpoBaH-
HbIx ¢ passuTeM AC. Onpenenenvie ponu T-nMMoUMTOB B pasBuTUM 3aboneBaHus TPebyeT CCNEA0BaHUN KNOHaNbHOrO
cocTtaBa (hyHKLMOHANBHO pagdnnyHbix cybronynsaumin T-knetok 6onbHbix AC. C Mcnonb30BaHNEM COBPEMEHHOW TEXHOMNOMM
PEKOHCTRYKLMN KIOHasIbHOMO perepTyapa T-KeTok Ha 6a3e MacCUpOBaHHOIO MapasfienlbHOrO0 CEKBEHUPOBAHNS Hamu Obln
BrepBble CCNEA0BaH KIIOHabHbIM penepTyap akTUBMPOBaHHbIX T-nuMdoumToB Nepudepnyeckon kposu naumnerTa ¢ AC. Mbl
OBHapPY>XMM BbICOKOE pasHoobpasue KIoHaIbHOro cocTaBa (hpakLmv T-nMMdoUmMTOB, 3KCNPECCUPYIOLLMX MapKepbl akT1Ba-
L CD38 n HLA-DR, Kak no Y1CNeHHOCTY KNETOK, NPeACTaBNSOLLMX UAEHTUMULMPOBAHHBIE KIOHOTUMbI, TaK 1 MO CTPYKTYpe
T-KNETO4HOro peLenTopa KIIOHOTUMOB, YTO CBUAETENBLCTBYET O PA3HOOOPAa3HON aHTUMEHHOM CrneumMdUYHOCTN aKTUBMPOBaH-
HbIX T-nmoLMTOB Nepudepnyeckon kposm naumeHTa. OCHOBY KITOHAIbHOMO pa3Hoobpasyis COCTaBUAN MaslionpeacTaBneH-
Hble B 06LLIEM pernepTyape KIOHOTUMbI T-KNeTok. B cocTase penepTyapa hpakumm Obin 0OHapy»KeH paHee acCoLMMPOBaHHbIN
¢ AC v peakTuBHbIM apTpuTom KinoHoTun TRBVIY_CASSVGVYSTDTQYF_TRBJ2-3, a Takxe psig Apyrvx KNoHOTUMOB cybnony-
NAUNIA LINTOTOKCUHECKMX W XENMEPHbIX T-KNETOK, BEPOSITHO, CBSA3aHHbIX C BOCManmTenbHbIM npoueccom npu AC. Skcnpeccrs
MapKePOB aKTMBaLMM KieTKaMu accoummpoBaHHbix ¢ AC KNOHOTUMNOB AEMOHCTPUPYET akTVBHOE yHacTUE TaknxX KIIOHOB B
BOCMaNMTENBHOW peakLmm npu 3aboneBaHnn, onpeaenssi akTyanbHOCTb UCCNEA0BaHUS X aHTUMEeHHOW CneunduyHOCTY 1
PO B BOSHUKHOBEHUM /v padsutim AC.
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Ankylosing spondylitis (AS, also known as Bekhterev's
disease) is a chronic rheumatic, presumably autoimmune
disorder. Genome-wide association studies link the risk of AS
development to certain allelic variants of genes of antigen-
presenting system (HLA and ERAP1/2) and cytokine receptors
involved in proinflammatory response [1]. Strong association
between risk of the disease and certain alleles of HLA-B and
protective effect of some other HLA-B variants (HLA-B is
involved in antigen presentation) have inspired a hypothesis
suggesting that T-cell recognition of self-antigens in complex
with HLA-B*27 triggers AS [2]. Recent studies of T-cell clonal
repertoires in patients with AS have allowed to discover a group
of cytotoxic T-lymphocyte clones with a highly homologous
antigen-recognizing part of T-cell receptor (TCR); these clones
are specific to AS and found in patients’ peripheral blood and
synovial fluid obtained from the inflamed joints [3, 4]. Previously,
clones of T-lymphocytes with a similar or identical TCRs were
found in the synovial fluid of patients with reactive arthritis,
another member of the spondylarthropathies family [5-7].

Of particular interest are functional characteristics of
the T-cell clones hypothesized to trigger and/or maintain
inflamsmation. This work was aimed to study the clonal repertoire
of subpopulation of activated T-lymphocytes isolated from the
peripheral blood of a patient with active ankylosing spondylitis.
For T-cell repertoire profiling, we applied a state-of-the-art
technology based on the next-generation sequencing (NGS)
of TCRB cDNA libraries that were prepared using molecular
barcoding technique [8, 9]; molecular barcoding is essential
for correction of sequencing errors and estimation of the
abundance of T-cell clones in the sample. After reconstruction
of the repertoire and investigation of it’s structure, we searched
for the published AS-associated clones among the clonotypes
of the studied T-cell subset. To estimate the abundance of the
clonotypes identified in activated T-cell subset and attribute
them to one of the two major functional T-cell subpopulations,
we profiled the repertoire of the entire T-cell population and
CD4+ and CD8* T-cell subsets obtained from peripheral blood
of the patient.

METHODS
Patient

A 28-year old man with axial ankylosing spondylitis
(Bekhterev's disease) was diagnosed 7 years before our
study. The patient was HLA-B*27 positive. The treatment
he was receiving included nonsteroidal anti-inflammatory
drugs (arcoxia), methotrexate, and TNF-a inhibitors (Humira).
Three years before blood collection, the patient underwent
high-dose immunosuppression therapy with 200 pg/kg
cyclophosphamide+anti-thymocyte  globulin -~ followed by
autologous hematopoietic cell transplantation without CD34+*
enrichment. Six months later the patient had relapse of the
disease following a respiratory infection. At the time of blood
collection the patient had active AS manifested as severe pain
and limited mobility of joints.

Isolation of PBMC and T-cell subsets

Eight milliliters of patient’s peripheral blood were collected into
KB-EDTA vacutainers (BD Biosciences, USA). Mononuclear
cells were isolated by standard Ficoll density gradient
centrifugation (1.077 g/cm?, PanEco, Russia). Two peripheral
blood samples of identical volume (F1 and F2) were obtained
simultaneously and later used as two independent replicates
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for whole T-lymphocyte repertoire profiling. Subsets of CD4*
and CD8+ cells were isolated from separate blood samples
using Dynabeads cell isolation kit (Invitrogen, USA).

Subpopulation of the activated T-lymphocytes expressing
CD38 and HLA-DR markers was isolated from peripheral
blood mononuclear cells by flow cytometry (FACSVantage, BD
Biosciences). At the time point 1 we isolated a subpopulation
of CD3*CD38*HLA-DR* lymphocytes. Two months later
(time point 2) subpopulations of CD3*CD8*CD38*HLA-DR*
and CD3*CD8CD38*HLA-DR* cells were isolated from the
patient’s peripheral blood sample. The panel of antibodies
for flow cytometry included CD3-APC (Invitrogen), CD8-
FITC (Invitrogen), HLA-DR-PerCP (Invitrogen) and CD38-
PE (IQProducts, Netherlands). Staining with antibodies was
performed according to the protocols of manufacturers. The
cells were lysed in 350 pl RLT buffer (Qiagen, Netherlands), and
total RNA was then isolated for subsequent TCR repertoire
profiling.

Preparation of cDNA libraries

RNA from PBMC, and CD4* and CD8* cell subsets,
was isolated using TRIzol (Invitrogen) according to the
manufacturer’s protocol. RNA of T-lymphocytes obtained by
flow cytometry was isolated using the RNAeasy Mini reagent kit
(Qiagen) according to the manufacturer’s protocol. TCRB cDNA
libraries were prepared as described in [10]. The libraries were
sequenced on HiSeq 2000/2500 (lllumina, USA) in the paired-
end mode with a 100 bp read length.

Sequencing data processing

To correct sequencing errors and count unique TCR cDNA
molecules in the library, we used MiIGEC (a software pipeline
utilizing the principle of molecular barcoding) [8, 11]. V-, D-
and J-segments and CDR3 sequence were determined using
MiXCR [12], which was also employed to quantify clonotypes
and form a list of the identified clonotypes for each sample. For
clonal sequence assembly only TCR cDNA sequences covered
by at least two reads were used (based on analysis of unique
molecular identifiers (UMI)), the restriction allowed to eliminate
the majority of sequencing errors and to reduce the artificial
clonal diversity of the repertoire [13]. Further bioinformatic
analysis was performed using R programming language [14].
The identified clonotypes were associated with a particular
T-cell phenotype based on detection of each particular
clonotype (combination of CDR3 nucleotide sequences with
TCR V-segment) in repertoires of the T-cell subpopulations.

The use of published TCRB cDNA sequencing data

In this work, we also used data on TCRB cDNA repertoire
profiling peripheral blood and synovial fluid samples from
HLA-B*27 positive patients with AS. These data have been
already published and are currently available in NCBI SRA
database (SRP111372) [4]. The published sequencing data and
data obtained for the present study were processed identically.

RESULTS

Characteristics of the studied cell samples and technology
used for clonal repertoire profiling

For clonal T-cell repertoire analysis 50,000 cells expressing
CDg3, CD38 and HLA-DR were isolated using flow cytometry
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from peripheral blood sample of the patient with AS. At the time
of blood sampling the patient had joint pain and limited mobility
of joints and was not receiving any anti-cytokine therapy. Flow
cytometry revealed that the subpopulations of CD3+HLA-DR+
and CD3+CD38+HLA-DR+ cells accounted for 2.6 % and
1,5 % of patient’s T-lymphocytes, respectively. These results
are consistent with the literature reporting similar proportions
for peripheral blood lymphocytes of healthy donors of the
same age [15]. In our case, increased frequency of CD3*CD38+
T-cells was observed: 39.2 % for the AS patient vs. 5.85 % to
24.6 % in healthy donors of the same age.

At that time point, samples of cytotoxic (CD4*) and helper
(CD8%) T-lymphocytes and two samples of unfractionated
mononuclear cells (F1 and F2) were obtained from peripheral
blood of the donor.

For TCRB clonal repertoire profiling, we applied an original
technology, which includes the following features:

1) template-switch-based cDNA synthesis, that allowed
us to use universal primers for TCR cDNA amplification to
minimize amplification bias associated with differences in the
structure of a variable V-segment (part of a mature TCR gene);

2) molecular barcoding [8], that allows to estimate the depth
of T-cell repertoire analysis and abundance of the identified
clonotypes [9]; during preprocessing of sequencing data,
molecular barcodes are used for correction of sequencing
errors that helps to reduce the artificial diversity of the clonal
repertoire originating from such errors [11];

3) introduction of sample-specific barcodes on both ends
of cDNA library molecules. One of the barcode is introduced
during cDNA synthesis step [10] allowing to exclude cross-
contamination of samples both at the stage of sample
preparation and during sequencing. Low probability of cross-
contamination, in turn, allows to associate of the identified
clonotypes with a particular T-cell phenotype. Such association
is based on the identification of a unique nucleotide sequence
of a variable TCR region in repertoires of different T-cell subsets
(CD4+, CD8*, F1 and F2, CD3*CD38*HLA-DR?).

Sequencing of TCRB cDNA libraries vyielded a total of
20.25 million reads: 6.23 and 7.53 million reads for F1 and F2
samples, respectively; 2.78 million reads for the CD4+ subset;
2.96 million reads for the CD8* subset and 0.75 million reads
for the CD3*CD38*HLA-DR* cell subpopulation. For further
analysis and reconstruction of a variable TCR region (recovery
of a CDR3 nucleotide sequence and a V-segment, i.e.
identification of a T-cell clonotype) we used cDNA sequences
covered by at least two reads. This allowed us to further reduce
the artificial diversity of the repertoire originating from erroneous
clonotypes [13, 16].

The total T-cell repertoire profiling depth reached about 1.6
million unique clonotypes. For samples F1, F2, CD4 and CDS8,
3.3 million TCRB cDNA molecules were analyzed (969,000,
1,260,000, 601,000 and 652,000, respectively). According
to the previously published efficiency of the TCR repertoire
profiling technology used, the total depth of analysis was about
3.3 million T-cells [13, 16]. Sequencing vielded 17,296 TCRf

cDNA sequences for CD3*CD38*HLA-DR~ cells, covered by at
least two reads, while the total number of cells in this sample
was 50,000. Thus, on average every TCRB cDNA sequence
corresponded to a TCR mRNA of a distinct T-cell, and the total
depth of TCR repertoire analysis of the subpopulation was
about 17,000 unigue T-cells.

Abundance of activated T-cell clonotypes in the total
repertoire of T-cells

On the first step of TCR repertoire analysis of the activated
T-cell subpopulation, we studied the distribution of the
identified clonotypes in the total repertoire of peripheral blood
T-cells. Over 85 % (10,212 of 11,927) of the identified activated
T-cell clonotypes were not found in repertoires of any other
samples: unfractionated T-cells (F1 and F2) or cytotoxic/
helper T-cell subsets (Table 1). The probability to observe a
specific clonotype in the sample is roughly proportional to the
number of T-lymphocytes bearing the same TCR in the total
T-cell population (i. e. to the abundance of a clonotype in the
repertoire). High repertoire diversity and different abundance
of T-cell clones combined with a relatively small volume of
the sample can explain the substantial part of unique T-cell
clonotypes between two independent blood samples obtained
at the same time point.

Current estimate of the potential diversity of TCRPB
repertoire is about 10® variants [17]; in our study the
abundance of clonotypes in the total T-cell population varied
between 1.5 % t0 8.6 x 10° % T cells. To determine whether
the observed high number of unique clonotypes was specific
to the CD3*CD38*HLA-DR* subset, we estimated the
repertoire overlap between total T-cell sample F1 and T-cell
subsets expressing CD4 and CD8 surface markers with the
sample F2. To obtain comparable repertoire analysis depth
with fraction of activated T-lymphocytes, the repertoires of
F1, CD4 and CD8 samples were reconstructed based on the
corresponding number (17,296) of randomly selected in silico
TCR cDNA molecules (repertoires *F1, “CD4 and *CD8). After
100 independent rounds of analysis, about 30% of clonotypes
in each repertoire were shown to overlap with the clonotypes
in sample F2, representing 30% to 50 % of the total number
of analyzed T-cells from *F1, *CD4 and *CD8 repertoires. For
the CD3*CD38*HLA-DR* subset these proportions were twice
as low (Fig. 1). This fact indicates a considerable enrichment of
the CD3*CD38*HLA-DR* subset with T-cell clones which have
too low abundance in the total repertoire to be detected in the
independent sample of the same volume.

Over 1,500 clonotypes in the repertoire of activated
T-lymphocytes accounted for 13.1 % of the clonal diversity
and for 20 % of the total number of analyzed T-cells, and
were present in at least one of the two independent samples
of unfractionated peripheral blood lymphocytes (F1 and F2).
The depth of analysis was 2 million T-cells for the total T-cell
repertoire. The proportion of peripheral blood T-cells represented
by such clonotypes was 8.5 %. Of those clonotypes, only a few

Table 1. Comparison of CD3+CD38*HLA-DR* clonal composition with the total repertoire of peripheral blood T-cells

Associated phenotype* Found in both samples (F1 and F2)**

ke

Found either in F1 or F2** Absent in both samples’

(
CD4 505 (4.2 %) 148 (1,2 %) 119 (1 %)
cD8 282 (2.4 %) 29 (0,2 %) 32 (0.3 %)
Unknown 175 (1.5 %) 425 (3,6 %) 10212 (85.6 %)

Note. * — association with the subset of cytotoxic of helper T-cells based on the analysis of CD8* and CD4* samples’ repertoires; ** — percent of the total clonal
diversity of the studied subset; *** — the number of clonotypes detected only in the CD3*CD38*DR* subset.
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were relatively abundant in the total repertoire of the patient’s
T-cells (Fig. 2). Thus, of 100 most abundant clonotypes in total
repertoire only 45 were discovered in the CD3*CD38*HLA-DR*
subset (39 and 6 clonotypes from cytotoxic and helper T-cell
subsets, respectively).

The analysis of clonal overlap revealed that the majority of
CD3+*CD38*HLA-DR* T-lymphocytes in terms of clonal diversity
and clonal abundance were represented by the clones with low
abundance in the total T-cell pool. Low abundance of 90 % of
clonotypes results in the inability to detect them in the samples
of unfractionated peripheral T-cells at a standard depth of
analysis (a few millions of separate peripheral blood T-cells).

The structure of clonal repertoire of CD3*CD38*HLA-DR*
T-lymphocytes

Variable domain of TCRB largely or fully determines the
specificity of a T-lymphocyte clone to an antigen complexed
with an MHC molecule (main histocompatibility complex,
MHC) [18-20]. In our study, for analysis of clonal repertoire of
activated T-cells each clonotype was defined as a combination
of an amino acid sequence of a hypervariable CDR3 region and
a V-segment identifier, which is a component of a mature TCR
gene and determines the structure of the rest part of the beta-
chain variable domain.

The clonal repertoire of activated T-cells from peripheral
blood of the AS patient was relatively diverse; this diversity was
comparable to that of the total T-cell repertoire. Analysis of the
sequencing data demonstrated that majority of T-cells in the
subpopulation has a unique variant of a TCRp variable domain:
we reconstructed as many as 12,000 different clonotypes from
17,000 TCR cDNA molecules. Note that for the samples F1
and F2 representing the total T-cell population, we identified
about 550,000 unique clonotypes from 1 million sequences of
TCR cDNA molecules.

The distribution of clonal abundance of CD3*CD38*HLA-
DR* fraction was the same as in the total T-cell repertoire
(sample F1). The most abundant clonotype in the fraction
accounted for 0.27 % of the total T-cell population. Note that
the most abundant clonotype in the total T-cell repertoire
(sample F1) accounted for 1.6 % of all T-cells in the population.
Top 100 most abundant clonotypes of activated T-cells or total
repertoire accounted for 5.6 % of the CD3*CD38*HLA-DR*
subset or 9 % of the total repertoire, respectively. No significant
differences were observed between the sample F1 and the
CD3*CD38*HLA-DR* subset in terms of the abundance of
clonotypes having a specific V-segment in their TCRB gene
(those are clonotypes that presumably recognize peptides in
complex with same MHC molecule). Compared to the total
T-cell repertoire, there was a lack of enrichment of the activated
T-cell population in clonotypes with a specific structure of a
variable TCRP region.

26.3%
32%

*F1
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A search for AS-associated clonotypes

T-cells expressing activation markers are directly involved in the
immune response. This encourages us to hypothesize that the
repertoire of activated T-cell subpopulations might be enriched
with clonotypes associated with inflammation in patients with
active spondylitis. To profile the CD3*CD38*HLA-DR* subset,
we performed a search for the AS-associated clonotypes
that had been previously discovered in the peripheral blood
and synovial fluid of HLA-B*27 positive AS patients [3, 4]. The
search list included clonotypes observed in the synovial fluid
of at least two of three HLA-B*27 positive patients whose
repertoires had been characterized in our previous work [4].
This was necessary to minimize accidental and irrelevant
clonotype matches between the repertoires of two donors
and to focus on similar clonotypes found in inflamed joints of
different individuals. The search list included 1,913 clonotypes:
11 CDRS3 sequences constituting a motif associated with AS
(as reported by the two studies mentioned above) and 1,902
clonotypes found in the synovial fluid of patients with AS.

We found 32 identical amino acid sequence of a TCRpB
variable domain between 11,927 clonotypes coming from the
subset of activated T-lymphocytes and the clonotypes from our
list. The majority of shared clonotypes had low abundance in
the CD3+*CD38*HLA-DR* T-cell subset (Fig. 3).

Eight of these 32 clonotypes were not found in the T-cell
repertoires of peripheral blood samples from HLA-B*27 positive
healthy donors (data from [4]) (Table 2), suggesting the lack of
expansion of these clonotypes in healthy individuals [4, 21, 22].
One of those 8 clonotypes, TRBV9_CASSVGVYSTDTQYF_
TRBJ2-3, belongs to the group of 11 variations of the variable
TCR sequence that constitute the CDR3 motif associated with
AS. The motif was also previously found in the synovial fluid
of HLA-B*27 positive patients with reactive arthritis [5, 23]. In
our study this clonotype was associated with the CD8* T-cell
subset just like in three previously published works reporting its
presence in the samples of patients with spondyloarthropathies
(AS and reactive arthritis).

For two months after the first sampling the disease status of
the patient remained unchanged, and we profiled the repertoire
of his activated T-cell clones once again (time point 2). Using
flow cytometry, we obtained 16,000 CD3*CD8*CD38*HLA-
DR+ and 10,500 CD3+*CD8-CD38*HLA-DR* lymphocytes and
reconstructed 3,900 and 8,300 TCR clonotypes, respectively.
The depth of analysis was comparable to that performed two
months before in terms of quantity of the identified clonotypes.
The subpopulations of the activated T-cell clones isolated at
time points 1 and 2 shared 3 % of clonotypes coming from
the cytotoxic and helper subsets in equal proportions: of 323
clonotypes of activated T-cells covered by the analysis at both
time points, 154 were associated with the CD8* phenotype,
136 — with the CD4* phenotype; the remaining 33 clonotypes

CD3+
CD38+
HLA-DR+

Fig. 1. Comparison of clonal composition of different T-cell subpopulations. Percent of the clonal diversity (shown in red) and percent of the T-cell repertoire (shown in
black) represented by clonotypes shared by two compared samples. *F1, *CD4, *CD8 are repertoires of F1, CD4, and CD8 samples, respectively, reconstructed on the
basis of 17, 523 randomly in silico selected TCR cDNA molecules (that equals to the number of TCR cDNA molecules covered by the analysis of the CD3*CD38*HLA-

DR* subset)
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were not attributed to any phenotype during the analysis at
time point 1.

In repertoire of CD8* activated T-lymphocytes in time point
2, we also found the clonotype TRBV9_CASSVGVYSTDTQYF_
TRBJ2-3 along with the three other clonotypes that had been
previously discovered in the synovial fluid of patients with AS but
not in the peripheral blood of healthy HLA-B*27 positive donors
(Table 2). The amino acid sequence of the variable TCRp region
of another clonotype discovered at time point 2 was highly
homologous to the published clonotypes associated with AS
due to the identical V-segment in the TCR gene sequence
and a similar sequence of a hypervariable CDR3 region. This
clonotype was observed in the repertoire of peripheral blood
lymphocytes in 40 % of patients with AS (n = 25) [4] and in
two of the three studied T- cell repertoires of the synovial fluid;
it was, however, absent in all blood samples of HLA-B*27
positive donors (n = 7) (Table 2).

DISCUSSION

Surface molecules CD38 and HLA-DR are markers that
discriminate activated T-cells, a subpopulation of T-lymphocytes
exerting their effector function during the immune response,
such as the response to viral invasion [24-27]. Increased
frequency of T-cells with the CD38*HLA-DR* phenotype was
shown in the peripheral blood of patients with autoimmune
inflamnmatory bowel diseases that often accompany
spondyloarthropathies and ankylosing spondylitis, in particular
[28]. According to the recent study of anti-cytokine treatment
effectiveness, unlike healthy donors, patients with AS have
higher frequency of cytotoxic HLA-DR* T-cells in their peripheral
blood; the study also demonstrates that the frequency of HLA-
DR* helper T-cells differ significantly between patients who
respond to treatment and those who do not [29]. Discovery
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Fig. 2. Distribution of the clonotypes identified in the CD3*CD38"HLA-DR* subset
depending on their abundance in the total repertoire (F1). The Y axis represents
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of AS-associated T-cell clones with a highly homologous TCR
structure [3, 4] encourages research of clonal composition of
functionally different T-cell subsets in patients with AS that could
elucidate the role of T-cells in the disease. In our study we used
a state-of-the-art technique for cDNA library preparation and
sequencing data analysis, and pioneered the exploration of the
structure and clonal composition of the repertoire of activated
peripheral blood T-cells from patients with AS. Low probability
of clonal composition bias and quantitative assessment of
the abundance of each clonotype in a sample were important
features of the TCR repertoire profiling technology used for the
present study.

The analysis of clonotype abundance in the activated T-cell
subset and the total T-cell repertoire has revealed a unique
composition of the activated T-cell subpopulation: it is enriched
in clonotypes that cannot be detected in unfractionated
blood samples or in the subpopulations of CD8*- and CD4*
T-lymphocytes owing to their low abundance. A low degree of
overlap between the repertoires of activated T-cells obtained at
two different time points is probably the result of low abundance
of these clonotypes in peripheral blood.

The fact that the majority of clonotypes found in activated
T-cell subset had low abundance could be explained by
the enrichment of the fraction with clones participating in
inflanmation and normally localized at inflammation sites.
Komech et al. [4] report higher abundance in synovial fluid
compared to peripheral blood of patients with acute synovitis
for AS-associated clonotypes. However, at the given depth
of analysis achieved in our study, clonal diversity of the
activated T-cell subpopulation almost mirrors that of the total
T-cell repertoire in peripheral blood. We have not observed
prominent clonal expansions or enrichment in clonotypes with
a specific structure of a variable TCRB domain in the activated
T-cell subset. Using a recently created database of clonotypes
with well-characterized specificity to different MHC/peptide
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Table 2. Analysis of frequency in the peripheral blood and synovial fluid samples of patients with AS for the clonotypes identified in CD3*CD38*HLA-DR* subset

Amino acid sequence V-segment ngt:?r?:é, ;:otr:epsa%r;r?tfs Number of synovial fluid Associatefi** Sample
with AS™ (n = 25), % samples (n = 3) phenotype

CASSLGPGSYEQYF TRBV5-1 32.0 (8) 3 CD4 Time point 1
CASSVGVYSTDTQYF TRBV9 24.0 (6) 1 CD8 Time points 1 and 2 (CD8")
CASSSRGPYEQYF TRBV7-2 16.0 (4) 2 - Time point 1
CASSDYNEQFF TRBV2 16.0 (4) 2 CD4 Time point 1
CASSQEGQESDTQYF TRBV4-2 12.0 (3) 2 - Time point 1
CASSLGGRNNEQFF TRBV5-1 4.0 (1) 2 - Time point 1
CAWSLGVNQPQHF TRBV30 4.0 (1) 2 - Time point 1
CASSYSGGSGYTF TRBV6-5 0(0) 2 CD4 Time point 1
CASSVGGDYGYTF TRBV9 40.0 (10 2 CcD8 Time point 2 (CD8%)
CASSLGLSGANVLTF TRBV5-6 8.0 (2) 2 - Time point 2 (CD8%)
CASSQAGAYQETQYF TRBV4-2 0(0) 2 - Time point 2 (CD8")

Note. * — The list includes clonotypes of the CD3*CD38*HLA-DR* cell subset isolated from the peripheral blood of the patient that were not found in the repertoires
of healthy HLA-B*27 positive donors; ** — the number of peripheral blood samples of AS patients, where the clonotype was identified, is specified in brackets;

ek

complexes [30], we have found a few matches of a TCRf
amino acid sequence between clonotypes in the repertoire of
activated T-cell subset and clonotypes in the database, which
are specific to some immunogenic of influenza virus, CMV and
EBV. This suggests that T-lymphocytes found in the patient’s
peripheral blood expressing HLA-DR and CD38 activation
markers represent a subset of T-cells that actively participate in
the immune response against a broad range of antigens.

To search for the clonotypes associated with AS we used
T-cell repertoire data for the peripheral blood and synovial
fluid samples of healthy HLA-B*27-positive donors obtained
earlier using with the same technology for T-cell repertoire
reconstruction. After analysis of two repertoires of activated
T-cells obtained at different time points using different flow
cytometry gating strategies, we found 11 clonotypes that were
absent in the repertoires of healthy donors but observed in the
synovial fluid of at least two patients with AS. None of those 11
clonotypes was found in the repertoires of patients’ peripheral
blood. The presence of these clonotypes in the repertoires
of HLA-B*27 positive patients with AS and their absence in
healthy HLA-B*27 positive patients demonstrates their ability to
undergo selection in the thymus in the presence of HLA-B*27,
followed by the clonal expansion in patients but not in healthy
HLA-B*27 positive individuals [21].

Among the aforementioned 11 sequences of the variable
TCRB domain there was the TRBV9_CASSVGVYSTDTQYF_
TRBJ2-3 clonotype previously associated with AS based on
the recent studies of the T-cell clonal repertoire of the peripheral
blood [3] and synovial fluid [4] of patients with AS. An identical
clonotype was previously discovered in the synovial fluid of
HLA-B*27 positive patients with reactive arthritis [5, 23]. This
clonotype was associated with the subpopulation of cytotoxic
T-lymphocytes in the mentioned research works and in our
present study as well. Upon analyzing the clonal repertoire of
two independent samples of activated T-cells isolated from
the peripheral blood using different gating strategies at two
different time points, we managed to prove the long-term
presence of this clonotype in the activated T-cell subpopulation
of peripheral blood of the patient.
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— association with the subset of cytotoxic of helper T-cells based on the analysis of the repertoire of CD8* and CD4* samples.

The activated cytotoxic T-cell subset contained the
clonotype TRBV9_CASSVGGDYGYTF_TRBJ1-2 found in the
peripheral blood samples of 40 % of AS patients (n = 25) and
in two of three samples of synovial fluid from patients. A high
frequency of this clonotype in the synovial fluid and peripheral
blood of patients with AS, a certain degree of homology
of its variable TCRB domain to other clonotypes previously
discovered in patients with reactive arthritis and AS and its
absence in the peripheral blood of healthy HLA-B*27 positive
donors allow to suggest a possible role of this clonotype
in inflammation in ankylosing spondylitis. Besides, some
clonotypes from the helper subpopulation might also be linked
to AS, given the presence of a few CD4* clonotypes in the
repertoire of the activated T-cells that share the same structure
of the variable TCRB domain with the clonotypes of the CD4*
T-cell subset isolated from the synovial fluid of patients with
AS and considering the absence of these CD4* clonotypes the
peripheral blood of healthy HLA-B*27 positive donors.

CONCLUSIONS

We have performed for the first time a study of clonal repertoire
of a T-cell subset expressing activation markers HLA-DR
and CD38 from the peripheral blood of a patient with active
ankylosing spondylitis. Clonal repertoire of the subpopulation
was not highly oligoclonal and was enriched in clonotypes poorly
represented in the total T-cell repertoire. We have discovered a
number of clonotypes of cytotoxic and helper T-cells possibly
implicated in inflammation process in AS. Most importantly,
in the subpopulation of cytotoxic activated T-cells we have
identified a clonotype, which was previously associated with
AS in other recent studies. Expression of activation markers by
T-cells of the AS-associated clones suggests their active role in
inflaonmation. Further research is necessary to investigate the
clonal repertoire of functionally different T-cell populations and
to determine antigen specificity of the identified clonotypes,
which will facilitate our understanding of mechanisms
underlying AS initiation and development and help to design
specific treatment strategies for the disease.
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