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ABSTRACT

T cell large granular lymphocyte (T-LGL) lymphoproliferations constitute a disease spectrum ranging from poly/oligo to monoclonal.
Boundaries within this spectrum of proliferations are not well established. T-LGL lymphoproliferations co-occur with a wide variety of
other diseases ranging from autoimmune disorders, solid tumors, hematological malignancies, post solid organ, and hematopoietic
stem cell transplantation, and can therefore arise as a consequence of a wide variety of antigenic triggers. Persistence of a dominant
malignant T-LGL clone is established through continuous STAT3 activation. Using next-generation sequencing, we profiled a cohort of
27 well-established patients with T-LGL lymphoproliferations, aiming to identify the subclonal architecture of the T-cell receptor beta
(TRB) chain gene repertoire. Moreover, we searched for associations between TRB gene repertoire patterns and clinical manifesta-
tions, with the ultimate objective of discriminating between T-LGL lymphoproliferations developing in different clinical contexts and/or
displaying distinct clinical presentation. Altogether, our data demonstrates that the TRB gene repertoire of patients with T-LGL lymph-
oproliferations is context-dependent, displaying distinct clonal architectures in different settings. Our results also highlight that there are
monoclonal T-LGL cells with or without STAT3 mutations that cause symptoms such as neutropenia on one end of a spectrum and
reactive oligoclonal T-LGL lymphoproliferations on the other. Longitudinal analysis revealed temporal clonal dynamics and showed that
T-LGL cells might arise as an epiphenomenon when co-occurring with other malignancies, possibly reactive toward tumor antigens.

INTRODUCTION

T cell large granular lymphocyte (T-LGL) leukemia is a rare
hematological malignancy characterized by chronic (oligo)
clonal proliferation of cytotoxic T cells.! Although often asymp-
tomatic, patients may eventually develop symptoms, for exam-
ple, neutropenia, thrombocytopenia, or anemia.? In recent years,
T-LGL leukemia has emerged as a paradigmatic example of
antigen-driven leukemogenesis, with transitions from poly or
oligoclonally reactive responses to monoclonal T-LGL leukemia
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occurring in a gradual manner.’ Notably, boundaries between
polyclonal, oligoclonal, and monoclonal T-LGL lymphoprolif-
erations are not well-established. In fact, T-LGL clones expand
due to persistent antigenic stimulation and characteristic T-LGL
cells are seen in various disease contexts, ranging from auto-
immune disorders, depletion of B cells through monoclonal
anti-CD20 antibodies, solid tumors, and hematologic malignan-
cies to solid organ and allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT).*” Therefore, T-LGL cells may arguably
be triggered by various antigens. Eventually, profound immune
dysregulation leads to persisting T-LGL clones, with the consti-
tutive activation of the STAT3 transcription activator as a hall-
mark.? Koskala et al first identified activating mutations in exon
21 of the STAT3 gene, coding for the SH2 domain, whereas
other mutations were later identified, all in or around exon
21.%19 Although only 30%-40% of all patients with T-LGL leu-
kemia bear mutations in the STAT3 gene, all patients carry cells
that show hyperactive STAT3 signaling.!!

Based on the concept that antigens drive T-LGL cells to pro-
liferate, much research has been conducted regarding the T-cell
receptor beta (TRB) gene repertoire looking for evidence of
antigen selection.'>!> Most of this work has been performed
with traditional spectratyping methods.'* Additionally, sub-
cloning of individual TRBV-TRBD-TRB] gene rearrangements
followed by Sanger sequencing has also been performed, lead-
ing to low-throughput and low-resolution datasets.!> However,
firm conclusions regarding the precise impact of antigenic
drive on T-LGL proliferations could not be drawn and, thus,
it remains uncertain if T-LGL cells create an environment for
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immune-dysregulation disorders to thrive or, instead, arise as a
reactive population.'’

Here, we sought to obtain comprehensive insight into the
TRB gene repertoire in a series of well-characterized patients
with T-LGL lymphoproliferations employing next-generation
sequencing (NGS), thus allowing not only to evaluate domi-
nant clonotypes but also to unravel the subclonal architecture.
Furthermore, by serial sampling over time and in different dis-
ease contexts, we aimed to elucidate if T-LGL lymphoprolif-
erations emerge as reactive populations and how they evolve.
We show that the TRB gene repertoire of patients with T-LGL
lymphoproliferations is profoundly context-dependent, display-
ing distinct clonality patterns under different circumstances,
suggesting that T-LGL proliferations might be triggered by a
broad range of antigens. In addition, we argue that large mono-
clonal populations of T-LGL cells might be the causative factor
of neutropenia in patients with T-LGL proliferations (with or
without STAT3 mutations), and that oligoclonal T cell popula-
tions might be the consequence of associated malignancies that
are often co-occurring in T-LGL patients.

MATERIALS AND METHODS

Study group

Our study group included 27 patients with TRop*CD8*
T-LGL proliferations and 22 age-matched healthy controls.
The biobanks of the Department of Immunology of Erasmus
MC, University Medical Center, Rotterdam, The Netherlands
and the Hematology Department and HCT Unit of the G.
Papanicolaou Hospital, Thessaloniki, Greece were retrospec-
tively inspected to include persistent TRap*CD8* T-LGL prolif-
erations in peripheral blood (PB). Cases were included based on
a combination of clinical, immunophenotypical, and molecular
data (Table 1). Five TCRaf*CD8* T-LGL leukemia cases were
specifically selected for longitudinal analyses. Control samples
were obtained from Sanquin Blood Bank (Amsterdam, The
Netherlands) and the Institute of Applied Biosciences, CERTH,
Thessaloniki, Greece, upon informed consent and anonymized
before use. The study was approved by the institutional review
boards of the participating institutions (MEC-2015-0617;
MEC-2011-0409; CERTH: EHT.COM-45, 21/03/2019). Of
note, samples TLGLS5 and TLGL15 were removed from all
analyses, except the HLA analysis, because of minor laboratory
contamination.

PCR ampilification of TRBV-TRBD-TRBJ gene rearrangements and
library preparation

Genomic DNA was isolated from PB mononuclear cells and
500 ng was used for multiplex polymerase chain reaction (PCR)
amplification of TRBV-TRBD-TRB] gene rearrangements fol-
lowing the BIOMED-2 protocol (35 cycles).'® Library prepa-
ration was performed as described with an index PCR of 12
cycles.'”

Bioinformatics

Initial NGS data assessment was performed by the Illumina
signal-processing software, including base-calling, quality
control, adapter trimming, and demultiplexing, resulting in
the exclusion of low-quality and erroneous sequences. A pur-
pose-built, validated bioinformatics algorithm was applied
to the raw NGS reads in order to merge and further filter the
paired-end reads based on the strict length and quality crite-
ria, as previously described.!® Merged reads were further anno-
tated using the IMGT/HighV-QUEST tool and the annotated
sequences were further characterized by the T-cell Receptor/
Immunoglobulin Profiler software. For additional details, see
Supplemental Materials and Methods. Data are available under
ENA Project ID: PRJEB47814.
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Definitions and interpretation of results

In this study, clonotypes were defined as TRBV-TRBD-TRB]
gene rearrangements with identical TRBV gene usage and TRB
CDR3 amino acid (aa) sequence. Clonotypes were character-
ized as expanded when they comprised >2 nucleotide sequences.
The most expanded clonotype within a sample is referred to as
immunodominant. Clonotypes representing only a single read
were characterized as singletons.

For TRB gene repertoire analysis, clonotypes rather than
single rearrangements were taken into consideration in order
to avoid potential biases. Individual TRBV gene frequencies
within a sample were calculated based on the number of clono-
types using the particular TRBV genes over the total number of
clonotypes.

For the connectivity analysis as well as the comparisons and
clustering of clonotypes based on their sequence identity, only
expanded clonotypes were evaluated whereas singletons were
excluded. This decision was intentionally taken in order to
avoid potentially false estimates of clonotype sharing, as it is
very difficult to discriminate whether clonotypes called by a sin-
gle read represent a true finding or instead arise from sequencing
errors or mapping biases (index hopping effect). The latter is an
inherent limitation of NGS technology that could erroneously
assign sequencing reads to the wrong index during demultiplex-
ing, hence leading to an artificial increase in similarity between
samples.

Subclonal connectivity

We interrogated the subclonal architecture of the TRB gene
repertoire in a given sample by characterizing clonotypes that
are clonally related with the immunodominant one that is those
with identical CDR3 length as the dominant one yet differ-
ing in a single aa position. Pairwise distance calculation was
performed and only CDR3s with 1 difference within their aa
sequence were connected as clonally related.

Clonotype comparisons and clustering of TRBV-TRBD-TRBJ
rearrangements based on TRB CDR3 amino acid sequence
restriction

Clonotype comparisons were also performed between the
different T-LGL cases and cross-comparisons against a data-
set composed of TR clonotype sequences either retrieved from
the VDJdb (a curated database of TCR sequences with known
antigen specificities’ or available to our group from previous
studies in benign ethnic neutropenia (BEN),* chronic idio-
pathic neutropenia (CIN)," chronic lymphocytic leukemia
(CLL),' monoclonal B lymphocytosis ([MBL], a potentially
precursor state to CLL, identified in otherwise healthy individ-
uals),'® and healthy controls. Additionally, comparisons were
undertaken with a published dataset of TRB gene rearrange-
ment sequences from patients with T-LGL leukemia reported
by Kerr et al.!

Furthermore, common immunogenetic signatures between
the samples were identified by clustering of TRBV-TRBD-TRB]
rearrangements based on the shared TRB CDR3 aa sequence
motifs using a modified version of the Teiresias algorithm
adapted to the immune repertoire analyses.?>?3 For additional
information see Supplemental Materials and Methods.

HLA-A, HLA-B, HLA-C low-resolution typing

Typing of HLA-A, HLA-B, and HLA-C in low resolution was
performed with the Olerup SSP HLA typing kits according to
the manufacturer’s protocol (CareDx, Vienna, Austria).

STAT3 mutation analysis

STAT3 exon 21 was amplified from genomic DNA.
Thereafter, PCR products were analyzed using bidirectional
Sanger sequencing to assess STAT3 hotspot mutations. All cases
that were found negative by Sanger sequencing were assessed
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for the presence of STAT3 mutations in exon 21 by NGS with a
total coverage >16,000x for each sample.

Statistical analysis

Descriptive statistics for discrete parameters included
counts and frequency distributions. For quantitative vari-
ables, statistical measures included medians and min-max val-
ues. Mann-Whitney test was used to test differences between
groups. For all comparisons, P values <0.05 were considered
statistically significant. Statistical tests and levels of signifi-
cance are indicated in the figure legends. Shannon diversity
index was calculated using the vegan package in R, based on
the equation H = -X [(p,) x In(p,)], with p, being the proportion
of each species.

Data visualization tools

Data visualization was performed in the R environment, using
the open source data visualization framework RawGraphs.
Aligned TRB CDR3 amino acid (aa) sequences were visualized
using WebLogo. CDR3 aa positions are shown according to the
IMGT numbering for the V domain.*

RESULTS

The TRB gene repertoire of patients with T-LGL proliferations is
largely (oligo)clonally restricted

We sequenced 65 samples from 27 patients with T-LGL pro-
liferations and 22 controls. A general overview on the acqui-
sition of productive TRBV-TRBD-TRB] gene rearrangement
sequences and clonotypes is presented in Suppl. Table S1.

Both patients with T-LGL proliferations and healthy controls
displayed skewing of the TRBV gene repertoire (Suppl. Table
S2A). However, cross-comparisons of the respective repertoires
revealed 13 differentially used TRBV genes (Suppl. Table S2A;
P < 0.05). Significant differences were also observed between
T-LGL patients and healthy controls regarding TRB] genes
(Suppl. Table S2B). Regarding TRBD genes, the TRBD1 gene
predominated over the TRBD2 gene in both sample groups
(Suppl. Table S2C).

Deep sequencing of the TRB gene repertoire allowed us to
assess the clonal composition and the clonality of all investi-
gated T-LGL cases. We observed that the immunodominant
clonotype had a median frequency of 19.3% (0.4%-52.0%)
in T-LGL proliferations versus 6.9% (1.3%-21.5%) in healthy
controls (Figure 1A; P < 0.001). The median cumulative fre-
quency of the 10 most expanded clonotypes per sample in
T-LGL patients accounted for 40.2% (3.5%-64.3%) of the
total TRB gene repertoire, thus highlighting a monoclonal to
oligoclonal repertoire. In contrast, healthy controls were char-
acterized by an oligoclonal to polyclonal profile with a much
lower median cumulative frequency of the 10 most expanded
clonotypes/sample of 23.7% (4.5%-37.6%) (Figure 1B; P <
0.01). Both the immunodominant and the top 10 clonotypes
differed greatly in size between T-LGL patients and healthy con-
trols. These repertoire differences were further quantified using
the Shannon index, which is used to mathematically calculate
the diversity within the TRB gene repertoire.?** The median
Shannon diversity score of patients with T-LGL proliferations
was 6.3, whereas in healthy controls it was 7.8. (Figure 1C; P
< 0.01).

The TRB (sub)clonal architecture of T-LGL proliferations is
context-dependent

We then examined whether the TRB gene repertoire of
patients with T-LGL proliferations might be context-dependent
by performing comparative analyses on samples derived from
patients with various comorbidities and/or specific clinic-bio-
logical features.

www.hemaspherejournal.com

Shannon diversity scores of T-LGL patients with neutropenia
(P < 0.05), STAT3 mutations (P < 0.001), and associated malig-
nancies (P < 0.001) were all lower compared with healthy con-
trols, but did not differ from T-LGL counterparts without these
characteristics (Figure 2A). Further in-depth analysis of TRBV
gene usage revealed no preference for certain TRBV genes in
the groups with neutropenia, STAT3 mutations, or patients
with T-LGL proliferations and associated malignancies either, as
compared with the other T-LGL cases.

Next, we assessed the clonality profiles between the differ-
ent patient groups. Because there was considerable overlap
between patients with neutropenia or STAT3 mutations, these
patient categories were grouped in this analysis. Notably, while
virtually all STAT3 mutant/neutropenic T-LGL cases exhibited
pronounced monoclonal expansions, the profile of patients with
associated malignancies was frequently oligoclonal (Figure 2B).
The median frequency of the immunodominant clonotype in
neutropenic and/STAT3 ™ T-LGL cases was 25.6% of the TRB
gene repertoire (0.6%—-52.0%) versus 15.5% (8.2%-21.6%) in
T-LGL cases with associated malignancies (Figure 2C; P =0.26).
Of note, in this latter group, the top 2-5 clonotypes (ie, top 5 clo-
notypes minus the immunodominant one) represented a median
of 28.6% (6.1%-34.9%) of the total repertoire, whereas in the
former group (ie, neutropenic/STAT3™*), a median value of
only 6.1% (1.6%-26.2%) was observed (Figure 2C; P < 0.001),
strengthening the argument that the subclonal architecture of
T-LGL proliferations is context-dependent.

In the Dutch part of our cohort for which HLA data were
available, no clear restrictions were observed toward a certain
HLA allele or haplotype in neutropenic patients or patients with
coexisting malignancies (Table 2). That said, we did observe that
71% of T-LGL patients bearing STAT3 mutations (5/7 patients)
used the HLA-B15 allele (odds ratio = 21.42; P = 0.04); how-
ever, the small size of the cohort hinders more definitive conclu-
sions at this point.

Temporal dynamics of the (sub)clonal TRB gene repertoire
architecture in T-LGL proliferations

Using NGS, we assessed the clonal dynamics of the TRB gene
repertoire over time (median of 4 time points; range, 2-6) in
representative cases of the various groups of T-LGL prolifera-
tions in our cohort.

In patients with STAT3-mutated T-LGL proliferations, clonal
drift of smaller clonotypes was observed (Table 1; Figure 3A).
Such clonal drift was also seen in neutropenic T-LGL patients, as
exemplified by the case of patient LGL11 (Table 1; Figure 3B).

Regarding T-LGL cases with coexisting clonal conditions, we
evaluated multiple time points in patient LGL7 (Table 1) bear-
ing a T-LGL proliferation concomitant with a monoclonal gam-
mopathy of undetermined significance. While the overall shift of
the subclonal composition of the TRB gene repertoire over the
course of 8 years was relatively modest, combined analysis of
M-protein levels and TRB gene repertoire sequencing provided
evidence of correlations between TRB repertoire dynamics and
M-protein fluctuations (Figure 3C).

Another intriguing scenario concerns the development of a
T-LGL proliferation in the context of allo-HSCT performed
in a patient with Ph* acute lymphoblastic leukemia (LGL19;
Table 1), where we observed significant clonal drift temporally
connected with various incidents posttransplantation (includ-
ing Epstein-Barr virus reactivation, neutropenia, and episodes
of autoimmune hemolytic anemia), while also documenting
expansion of clonotypes present in the repertoire of the donor
(Figure 3D).

Finally, we studied a father and a son presenting with cyto-
penias and splenomegaly in a context of T-LGL proliferation;
the clinical features and Sanger-based immunoprofiling of these
cases have been reported previously.?”
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Figure 1. TRB gene repertoire diversity in patients with T-LGL lymphoproliferations. (A) Clonotype frequencies of patients with T-LGL lymphoprolifer-
ations and % of immunodominant clones. (B) Clonotype frequencies of healthy controls and % of top 10 clonotypes (B). Shannon diversity scores of patients
with T-LGL lymphoproliferations and healthy controls. (C) Graphs indicate the mean with SD. Statistical significance was tested using the Mann Whitney U test.
Level of significance indicated in the plots: ***P < 0.001; ***P < 0.0001. T-LGL =T cell large granular lymphocyte; TRB = T-cell receptor beta.

The cumulative frequency of the 10 most expanded clono-
types in the diagnostic sample of the father was 20.2% with 2
dominant clonotypes at relative frequencies of 6.2% and 5.1%.
In the son, the 10 most expanded clonotypes of his diagnos-
tic samples accounted for almost 19.5% of the total repertoire,
rendering it oligoclonal with a dominant clone at a relative fre-
quency of 8.9%. After 5 years, the clonality pattern remained
stable; however, expansion of multiple clonotypes was observed.
In fact, clonal drift was evident in the son with expansion of
certain minor clonotypes over time, as exemplified by the clo-
notype TRBV29-1 — CSASTGDRSGANVLTE, which started
with a relative frequency of 1% at the time of diagnosis and

eventually expanded to 6% of the repertoire, representing the
second immunodominant clonotype of that particular follow-up
sample.

Various degrees of connectivity for the dominant clonotype of
patients with T-LGL lymphoproliferations

Seeking to obtain a comprehensive view of the subclonal
architecture of the TRB repertoire in the cases under study,
next we focused on the related clonotypes to the most immu-
nodominant one. The relation between the immunodominant
clonotype and the highly similar clonotypes was visualized as
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immunodominant clonotypes and top 2-5 clonotypes of different T-LGL subgroups. (C) Graphs indicate the mean with SD. Statistical significance was tested
using the Mann Whitney U test. Level of significance indicated in the plots: *P < 0.05; **P < 0.001. **Patients with STAT3 mutations are depicted in red (STAT3
mutated patients without clinical associations are indicated with an X), neutropenic patients are depicted in grey, patients with associated malignancies are
depicted in gold, and patients with autoimmune phenomena (especially RA) are depicted in blue. T-LGL =T cell large granular lymphocyte; TRB = T-cell receptor beta.

connectivity graphs where CDR3 aa sequences differing in a
particular position were connected with a line. The frequency
of the most immunodominant clonotype was re-estimated sum-
ming up the frequencies of the highly similar clonotypes. Based
on that metric, we observed various degrees of connectivity,
ranging from low-level, where the frequency of the dominant
clonotype including the highly similar clonotypes was slightly
changed, to high-level, where the change observed in the relative
frequency of the dominant clonotype was significant (Figure 4A-
D). Noteworthy was the pattern in case LGL7 over time, where

the connectivity observed for the dominant clonotype was par-
ticularly high with a median change in its relative frequency of
10.1% (range, 5.7%-10.9%) (Figure 4E).

Public clonotypes in the repertoire of T-LGL lymphoproliferations

Combinatorial pattern discovery analysis was performed
using the TEIRESIAS algorithm and the clonotypes assigned
to the clusters formed were compared to the VDJdb,?® which
allows making predictions regarding the possible antigenic spec-
ificity of the clustered clonotypes.
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HLA-A, HLA-B, and HLA-C Profiles in Patients With T-LGL
Lymphoproliferations

Patient HLAA HLAB HLAC
LGL1 A01 A26 B38 B44 C05C12
LGL2 A02 B15B35 C03 Co4
LGL3 AO1 B15B39 €03 co7
LGL4 A03 A32 B41 B55 €03 C17
LGLS AO1 A1 B27 B35 C02 Co4
LGL6 AO01 A02 B15B37 C01 Co6
LGL7 AO1 A02 B08 B44 co7
LGL8 AO1 B08 co7
LGL9 A02 AG8 B38 B51 C12C15
LGL10 A02 A24 B15B27 €02 €03
LGL11 AO1 A24 B18 B51 €07 C16
LGL12 A02 A29 B44 B51 C05 C14
LGL13 A02 AO3 B07 B15 €03 co7
LGL14 A02 B08 c07
LGL15 A01 A02 B08 B40 €03 co7
LGL16 A30 A68 B39 B44 Co7 C12

T-LGL =T cell large granular lymphocyte.

Overall, 3675 of 9073 (40.5%) of all clonotypes with a rel-
ative frequency 20.1%, were assigned to 1436 distinct clusters.
In many cases, the existence of multiple shared patterns within
TRB CDRS3 sequences led to their concurrent assignment in
clusters characterized by more broadly shared sequence pat-
terns, hence, greater individual cluster size. At the end of the
process, 1250 clusters were formed including clonotypes that
could not be further clustered: the number of cases in each of
these final clusters ranged from 2 to 23.

Two distinct types of clusters were identified, characterized
by usage of the same or diverse TRBV genes, respectively. In
both cluster types, the overall TRB CDR3 similarity was very
high, that is, most positions in the TRB CDR3 region were
extremely, if not entirely, conserved, while only few positions
displayed variability (Figure 5).

Finally, the comparison of the clustered clonotypes against
the VDJdb database highlighted a potential antigenic specificity
for only a minor fraction of clonotypes from the T-LGL dataset
(Figure 5).

Cross-entity comparisons highlight the disease-biased nature of the
TRB gene repertoire in T-LGL lymphoproliferations

We performed cross-entity comparisons between the data-
set of expanded clonotypes from the present cohort of patients
with T-LGL lymphoproliferations (n = 191,372), a published
study of patients with T-LGL leukemia (n = 486,540),?! and a
dataset of 2,079,944 unique TRB clonotypes from various enti-
ties. When comparing the 2 T-LGL datasets, 1457 of 677,912
(0.21%) clonotypes were found to be uniquely shared between
cases with T-LGL lymphoproliferation from our present series
and that of Kerr et al (Suppl. Figure STA). Within each indi-
vidual series, the incidence of clonotypes shared by at least 2
cases was overall similar: 7.94% (38,660/486,540) in the Kerr
study versus 7.15% (13,697/191,372) in the present study.
Furthermore, we used TEIRESIAS algorithm for the combined
datasets and we additionally identified 2 high-frequency clus-
ters of shared TRB CDR3 aa sequence motifs: the first con-
nected a case from the Kerr study and case LGL23 from the
present cohort, while the second connected 2 cases from the
Kerr study. Next, in order to assess the relatedness of these con-
nected clonotypes with other clonotypes comprising the LGL
repertoire, we used the CDR3 amino acid sequences of these
2 clusters as baits and searched for CDR3s of the same length
within the complete repertoires of all samples of the present

Context-dependent TCR Repertoire Profiles in T-LGL

cohort that differ in a single amino acid. This led to the iden-
tification of a number of additional low-frequent clusters with
various degrees of connectivity, further implying shared immu-
nogenetic signatures within different cases with T-LGL lymph-
oproliferations (Suppl. Figure S2).

Cross-entity comparisons between the 2 datasets of T-LGL
lymphoproliferations versus the datasets from other enti-
ties revealed 40,741 of 677,912 (6%) shared clonotypes. The
largest group included 16,885 of 40,741clonotypes (41.5%)
shared between T-LGL lymphoproliferations and healthy con-
trols; closely followed by a group of 11,574 of 40,741 clono-
types (28.6%) shared between T-LGL lymphoproliferations and
otherwise healthy individuals with MBL (Suppl. Figure S1B).
Relevant to mention, 1587 of 40,741 (3.9%) of these clono-
types have been previously characterized to be specific for viral
epitopes (Epstein-Barr virus, cytomegalovirus, human immu-
nodeficiency virus 1, hepatitis C virus, dengue virus, influenza
A, Molluscum contagiosum virus, Herpes simplex virus, and
human T-lymphotropic virus).

DISCUSSION

We profiled by NGS a cohort of 27 well-established patients
with T-LGL proliferations and a publicly available dataset by
Kerr et al and aimed at identifying the subclonal architecture
of the TRB gene repertoire. Moreover, we searched for associa-
tions between TRB gene repertoire patterns and clinical mani-
festations, with the ultimate objective of discriminating between
T-LGL proliferations developing in different clinical contexts
and/or displaying distinct clinical presentation. Clonotype con-
nectivity analysis and combinatorial pattern discovery analysis
were used, depicting the disease-biased nature of the TRB gene
repertoire in T-LGL lymphoproliferations.

Patients with expanded T-LGL cells can remain asymptom-
atic for prolonged periods of time. Within this time frame,
T-LGL cells may eventually shift toward monoclonality and
this can be linked to and/or accompanied by the presence of
genomic aberrations and/or the emergence of clinical manifes-
tations.'! This scenario is supported by our present findings,
where a clearly monoclonal repertoire was seen exclusively in
neutropenic patients and patients carrying STAT3 mutations.
Thus, neutropenic patients typically present at the far end of the
spectrum of T-LGL lymphoproliferations; arguably, these larger
monoclonal populations secrete higher amounts of FAS-ligand
(FASL), resulting in FAS-mediated apoptosis of neutrophils.?®
Nonetheless, patients may develop severe neutropenia without
profound (mono)clonal expansions of T-LGL cells due to mech-
anisms not yet characterized.

Overactivation of STAT3 has been implicated as a central
hub in T-LGL lymphoproliferations, driving them toward a
more malignant phenotype.? Unsurprisingly, therefore, STAT3-
mutated patients harbor large monoclonal populations, as
proliferation and apoptosis resistance is driven by constitutive
STAT3 activation.*® Moreover, T-LGL lymphoproliferations
with STAT3 mutations display more clinical symptoms as
well. Neutropenia cooccurs in a large fraction of the STAT3-
mutated patients, which might be explained by the fact that
STAT3-mutated T-LGL cells are highly active, thus secreting
higher amounts of FASL and proinflammatory cytokines that
would eventually lead to symptoms such as neutropenia. Taken
together, it seems that the larger, monoclonal T-LGL lymphop-
roliferations establish an environment in which neutrophils go
into apoptosis, thus representing the more malignant T-LGL
variant.

Both solid and hematological tumors can be immunogenic,
although the adaptive immune system is mostly hindered from
mounting an effective response and clearing the tumor due to
multiple, frequently coexisting mechanisms of immune escape
operating in individual patients.’! Considering the above, it is not
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Figure 3. Patients with T-LGL lymphoproliferations display a context-dependent (sub)clonal TRB gene repertoire architecture that may shift
over time. A. Longitudinal analysis of the subclonal TRB gene architecture of a patient showing a STAT3-mutated T-LGL leukemia. (B) Clonal dynamics of the
TRB gene repertoire of a neutropenic patient with T-LGL leukemia under therapy. (C) Complex interplay between the TRB gene repertoire and M-protein levels
in a case with T-LGL lymphoproliferation and an associated plasma cell malignancy. (D) Dynamics of the TRB gene repertoire in a patient developing a T-LGL
lymphoproliferation post allo-HSCT. Allo-HSCT = allogeneic hematopoietic stem cell transplantation; T-LGL = T cell large granular lymphocyte; TRB = T-cell receptor beta.

paradoxical that a subgroup of patients with T-LGL lymphop-
roliferations and associated malignancies in our study displayed
clear oligoclonal expansions. Similar clonality patterns have been

disclosed with NGS in tumor infiltrating lymphocytes and circulat-
ing T cells of patients with both solid tumors®* and hematological
malignancies.'®3 Hence, the presence of oligoclonality supports
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Figure 4. Connectivity networks of the dominant clonotype of patients with T-LGL lymphoproliferations. (A and B) Graphs depicting the connectivity
networks formed between the dominant clonotype and other clonotypes of the same length of 2 representative cases with T-LGL lymphoproliferations taking
into account the highly similar clonotypes present in each sample. The sequence logo represents the total repertoire of highly similar clonotypes identified. The
sequence logo of the CDRS3 region of one representative case and the graph depicting low-level connectivity of the dominant clonotype. (C and D) The sequence
logo of the CDR3 region of one representative case and the graph depicting high-level connectivity of the dominant clonotype. The large circle depicts the
dominant clonotype of the sample and only the CDR3s with one difference are connected. (E) Overtime kinetics and clonal dynamics of highly similar clonotypes

in a representative case. T-LGL =T cell large granular lymphocyte.

that T-LGL lymphoproliferations might emerge in response to
tumor-associated antigens; it remains to be elucidated whether
these T-LGL cells participate in immune surveillance but also
how they might be functionally debilitated. Collectively, our data
strongly suggest that, in the context of other malignancies, T-LGL
lymphoproliferations are more likely a consequence, acting in
(ineffective) tumor surveillance. That said, it cannot be a priori
excluded that both these B- and T-cell lymphoproliferations are
acting toward common viral or autoantigens.>*

Allo-HCT can create a microenvironment with abundant
antigenic triggers for T-LGL clones to expand.*=” This is
attested by the correlation of clinical events and longitudinal
TRB gene repertoire analysis in a patient from our study who
underwent allo-HSCT and developed clonally expanded T-LGL
cells, gradually evolving into overt T-LGL leukemia. This high-
lights the thin line that segregates reactive T-LGL lymphopro-
liferations from their leukemic counterparts, while raising the
question why the full blown T-LGL leukemia occurred so many
years posttransplantation. Arguably, this outcome could reflect
a form of profound immune dysregulation or very late onset
chronic graft versus host disease, with the T-LGL cells being
hyper-reactive to an alloantigen or autoantigen due to failing
thymic selection posttransplantation.®

Increased sequence identity of different TR CDR3 supports
affinity for the same antigens and common evolutionary forces,
without, however, excluding the possibility that distinct CDR3
could share common specificity.”” On the evidence presented
herein, the case for (auto)antigenic stimulation is very strong in
patients with T-LGL lymphoproliferations, a claim supported
by the clonotype connectivity analysis, which revealed clusters
of highly related clonotypes coexisting in the same patient and,
moreover, displaying over time drift. An observation that was also
described by Huuhtanen and colleagues,*® who demonstrated

10

through single-cell TCR sequencing considerable overlap between
the nonleukemic and leukemic part of the repertoire in patients
with T-LGL leukemia, with 72% of the leukemic T-LGL clono-
types sharing TCR similarities with their nonleukemic repertoire.
This phenomenon of repertoire skewing and TCR similarity
within the nonleukemic repertoire was also observed in patients
with CD4* T-LGL leukemia.*! Along these lines, cross-entity com-
parisons highlighted the uniqueness of the TRB gene repertoire
in patients with T-LGL lymphoproliferations, given that only a
minor fraction of the total unique clonotypes was found to be
shared with other entities, even those presenting with neutro-
penia (eg, CIN or BEN). This conclusion is also supported by
the results from the predicted specificity analysis, where the clo-
notypes shared between T-LGL lymphoproliferations and other
entities were postulated to be specific against viruses. Along these
lines, one could speculate that interactions with exogenous anti-
gens and/or auto/neoantigens arising in the context of viral infec-
tions (but also cancer or autoimmune disorders) could provide
the initial antigenic drive for CD8* T cells, kicking off the process
that eventually leads to the emergence of T-LGL lymphoprolifer-
ations. Considering the fact that Huuhtanen and Bhattacharya
demonstrated with single-cell sequencing that repertoire skewing
is present within the nonleukemic repertoire and, more impor-
tantly, that the nonleukemic repertoire also shows TCR simi-
larity with the leukemic repertoire, it seems very plausible that
antigenic stimulation provides the initial drive for T-LGL cells to
expand.***! In future studies, we will try to solidify this hypoth-
esis by sequencing the repertoires of sorted T-LGL cells and their
healthy CD8* counterparts within the same patient, as it cannot
be a priori excluded that some effects are observed by presence of
a public repertoire or the non-LGL T-cell population.

In summary, we report that the TRB gene repertoire of
patients with T-LGL lymphoproliferations is extremely
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Figure 5. Clusters of cases with restricted TRB CDR3. Two representative clusters are depicted including a sequence logo of the CDR3 regions that clus-
tered together, the TRB gene usage and the presumed antigen specificity when a clonotype of those clustered was also found in the VDJdb. One representative
cluster including 23 clonotypes with relative frequency ranging between 0.1% and 5.6% characterized by homogeneity regarding the TRBV gene usage. The
clustered clonotypes derived from 18 different cases (T-LGL, n = 6; EN, n = 1; CIN, n = 3; CLL, n = 2; MBL, n = 4; healthy, n = 2). The clustered clonotypes
were identified in the VDJdb and different antigenic specificities can be speculated based on the literature (A). One representative cluster including 20 clonotypes
(reactive frequency, 0.1%-3.7%) with heterogeneity regarding the TRBV genes used. The clustered clonotypes derived from 17 different cases (T-LGL, n =7
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context-dependent, displaying distinct clonality patterns in dif-
ferent disease contexts. We also illustrate that there is a thin line
between malignant T-LGL cells causing symptoms such as neu-
tropenia and reactive T-LGL lymphoproliferations and that the
diagnosis of T-LGL leukemia has to be established with great
caution, as T-LGL lymphoproliferations may or may not give
rise to clear symptoms. In addition, our longitudinal analyses
revealed profound temporal clonal dynamics, raising the possi-
bility that T-LGL lymphoproliferations might represent an epi-
phenomenon when co-occurring with other malignancies, being
reactive toward, for example, tumor antigens.
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