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Abstract
Background: Previous investigations pointed out a role for antigen stimulation in 
Sezary syndrome (SS). High-throughput sequencing of the T cell receptor (TR) of-
fers several applications beyond diagnostic purposes, including the study of T cell 
pathogenesis.
Methods: We performed high-throughput RNA sequencing of the TR alpha (TRA) 
and beta (TRB) genes focusing on the complementarity-determining region 3 (CDR3) 
in 11 SS and one erythrodermic mycosis fungoides (MF) patients. Five psoriasis pa-
tients were employed as controls. Peripheral blood CD4+ cells were isolated and RNA 
sequenced (HiSeq2500). High-resolution HLA typing was performed in neoplastic 
patients.
Results: Highly expanded predominant TRA and TRB CDR3 were only found in SS 
patients (median frequency: 94.4% and 93.7%). No remarkable CDR3 expansions 
were observed in psoriasis patients (median frequency of predominant TRA and TRB 
CDR3: 0.87% and 0.69%, p < 0.001 compared to SS). CDR3 almost identical to the 
predominant were identified within each SS patient and were exponentially corre-
lated with frequencies of the predominant CDR3 (R2 = 0.918, p < 0.001). Forty-six dif-
ferent CDR3 were shared between SS patients displaying HLA similarities, including 
predominant TRA and TRB CDR3 in one patient that were found in other three pa-
tients. Additionally, 351 antigen matches were detected (Cytomegalovirus, Epstein–
Barr, Influenza virus, and self-antigens), and the predominant CDR3 of two different 
SS patients matched CDR3 with specificity for Influenza and Epstein–Barr viruses.
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1  |  INTRODUC TION

Sezary syndrome (SS) is an aggressive leukemic variant of cutane-
ous T cell lymphoma (CTCL) defined by erythroderma, generalized 
lymphadenopathy, and circulating clonal neoplastic T cells with 
cerebriform nuclei.1 Mycosis fungoides (MF), the most common 
type of CTCL, is a clonal epidermotropic malignant T cell prolifer-
ation presenting clinically a more indolent behavior, as cutaneous 
patches or plaques. A few MF patients evolve into more aggres-
sive stages of the disease, with involvement of lymph nodes and 
other organs. SS and MF represent approximately 65% of CTCLs. 
Although they are closely related neoplasms, they are currently 
considered separate entities on the basis of their different clinical 
behavior and origin.1,2

Clonally rearranged T cell receptor (TR) genes are a molecular 
hallmark of CTCL. The PCR- based BIOMED-2 protocol has been the 
most widely used approach for T cell clonality assessment in clinical 
practice.3–5 Additionally, high-throughput sequencing of the TR is in-
creasingly becoming an important tool in investigative dermatology, 
with several applications beyond diagnostic purposes, including the 
study of the immune response or the pathogenesis of T cell disor-
ders.6 RNA sequencing has also been proposed as a useful tool for 
detecting TR rearrangements in T cell lymphoma.7 One of the best 
approaches is the analysis of the complementarity-determining re-
gion 3 (CDR3), since it displays an extremely high variability resulting 
in highly antigen-specific CDR3 motifs. TR antigen recognition also 
occurs in the context of HLA molecules, intimately involved in im-
mune responsiveness.8

Previous investigations pointed out a role for antigen stimulation 
and T cell restrictions in CTCL9–11 and HLA associations among pa-
tients.12–15 Herein, we report our experience with high-throughput 
RNA sequencing of the TRA and TRB genes to evaluate its use for 
simultaneous clonality and biological characterization of SS.

2  |  MATERIAL S AND METHODS

2.1  |  Patients and samples

A total of 11 patients with SS (45% males, median age: 73 years) 
were evaluated (Table S1). Additionally, one patient with erythro-
dermic MF (male, 74 years) not fulfilling B2 burden in peripheral 
blood was studied, together with 5 psoriasis patients employed 

as negative controls for clonality (TRβ/γ polyclonal by BIOMED-2, 
Table S1). No case had evidence of infection at sampling. The study 
was performed in accordance with National and International 
Guidelines (Professional Code of Conduct, Declaration of 
Helsinki) and approved by the Ethics Committee of our institution 
(2010/3824/I). The SS cohort studied here was previously charac-
terized16; correspondence between patient identifiers is detailed 
in Table S1. Fresh peripheral blood samples (25 mL) were obtained 
from all patients.

2.2  |  Cell isolation and RNA extraction

Peripheral blood was subjected to Ficoll centrifugation. Purified 
CD4+ cells were obtained from mononuclear cells employing 
positive selection immunomagnetic methods (CD4 MicroBeads) 
and AutoMACS technology (Miltenyi Biotec, Bergisch Gladbach, 
Germany). RNA was extracted using the miRNAeasy kit (QIAGEN, 
Venlo, The Netherlands).

2.3  |  High-throughput RNA sequencing

Extracted RNA was sequenced and data were analyzed as previ-
ously described16 (Appendix S1). Raw sequencing data of the SS pa-
tients included in this study can be found at https://​ega-​archi​ve.​org/​
datas​ets/​EGAD0​00010​01998​, hosted at the European Genome-
Phenome Archive (EGA, https://​ega-​archi​ve.​org/​). In this dataset, 
patient identifiers correspond to those assigned by Prasad et al.;16 
correlations between patient identifiers from both studies are de-
tailed in Table S1. Samtools was used to obtain the sequencing reads 
aligning to the TRA and TRB gene regions in SAM format, which 
were then transformed to fastq/fasta with bedtools.

2.4  |  Sequence analysis, definitions, and 
interpretation

The obtained FASTA sequences were entered into IMGT/V-QUEST 
(http://​www.​imgt.​org). Only CDR3 regions corresponding to produc-
tive V(D)J rearrangements were employed. CDR3 amino acid regions 
were considered expanded within a sample when corresponding to 
≥2 sequences (reads). The most expanded CDR3 within each sample 

Conclusions: Besides detecting clonality, these findings shed light on the nature of 
SS-related antigens, pointing to RNA sequencing as a useful tool for simultaneous 
clonality and biological analysis in SS.

K E Y W O R D S
antigen restriction, complementarity determining region, mycosis fungoides, RNA sequencing, 
Sezary syndrome, T cell receptor
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was referred to as the predominant (immunodominant) CDR3, and 
its frequency was assessed as the number of sequences correspond-
ing to the predominant CDR3 divided by the total number of CDR3 
sequences obtained for that sample. CDR3 sequences were consid-
ered almost identical to the predominant if they matched in length 
and contained only one amino acid mismatch. Their frequencies 
were assessed as the number of sequences corresponding to CDR3 
regions almost identical to the predominant divided by the total 
number of CDR3 sequences or, alternatively, divided by the number 
of non-predominant CDR3 sequences for that sample. For TRAV and 
TRBV gene analysis, only sequences with a V-gene score ≥200 were 
considered. Clonotypes were defined as unique rearrangements car-
rying identical TRAV-TRAJ or TRBV-TRBJ genes and CDR3 amino 
acid sequences. Those CDR3 or clonotypes found in different indi-
viduals were referred to as “public,” whereas those only found in one 
specific individual as “private.”

2.5  |  Comparison of CDR3 sequences

Comparison of CDR3 amino acid sequences across all patients was 
performed. Additionally, comparison to public data was carried out 
using VDJdb (https://​vdjdb.​cdr3.​net).17

2.6  |  High-resolution HLA typing

High-resolution typing of the HLA-A/-B/-C/-DRB1/-DQA1/-DQB1 
loci was performed for all SS and MF patients. Sequence-specific ol-
igonucleotide-PCR by microbeads array (LABType XR®, 3D Luminex 
Technology) was employed. HLA data from 282 healthy unrelated 
individuals from Spain previously assessed by our collaborators18 
was used to compare HLA gene frequencies between SS and healthy 
subjects from the same population.

2.7  |  Statistical analysis

The Mann–Whitney test was employed to compare the frequen-
cies of the predominant CDR3 regions between SS and psoriasis 
patients. Simple linear regression analysis and Spearman correla-
tion, or exponential regression analysis, were used to analyze the 
relationship between CDR3 frequencies, whereas the Wilcoxon 
test was employed to compare the frequencies of shared CDR3 re-
gions between TRA and TRB. The Fisher's exact test was used to 
compare the frequencies of antigen matches within CDR3 regions 
shared between patients with those observed for private CDR3, and 
to compare HLA gene frequencies between SS patients and healthy 
subjects. Statistical analyses were performed using SPSS v.22 soft-
ware (SPSS Inc.). p-values below 0.05 were considered statistically 
significant.

3  |  RESULTS

3.1  |  Highly expanded predominant TRA and TRB 
CDR3 regions only found in SS

Overall, 78,415 productive CDR3 sequences were obtained from 
peripheral blood CD4+ T cells of SS patients, 28,586 correspond-
ing to TRA (median: 2,500 sequences/patient, range: 865–4,917) 
and 49,829 to TRB (median: 2,896 sequences/patient, range: 250–
20,932). The total number of distinct CDR3 was 3,670 for TRA (me-
dian: 113/patient, range: 28–1,437) and 3,931 for TRB (median: 163/
patient, range: 38–1,339). The median number of expanded and sin-
gle CDR3/patient was 42 (range: 7–354) and 79 (range: 21–1,083) 
for TRA and 52 (range: 9–310) and 111 (range: 29–1029) for TRB, 
respectively (Table S2).

Highly expanded predominant TRA and TRB CDR3 regions were 
observed in SS patients, with a median frequency of the predominant 

TA B L E  1 TRA and TRB clonotypes corresponding to the most frequent CDR3 region for each SS patient.

Patient ID

TRA TRB

V gene J gene

CDR3

V gene J gene

CDR3

Sequence % Sequence %

SS01 TRAV6 TRAJ31 ALDNNARLM 94.6 TRBV7-2 TRBJ1-2 ASSPGQPNYGYT 94.9

SS02 TRAV1-2 TRAJ4 AVDGGYNKLI 94.4 TRBV19 TRBJ1-2 ASSPDRGRNYGYT 87.4

SS03 TRAV29/DV5 TRAJ40 AASASSGTYKYI 21.8 TRBV21-1 TRBJ2-7 ASRQGADEQY 26.2

SS04 TRAV9-2 TRAJ36 AHQTGANNLF 55.0 TRBV11-3 TRBJ2-7 ASSGDRGREQY 11.7

SS05 TRAV19 TRAJ27 ALMGNAGKST 95.9 TRBV7-9 TRBJ2-6 ANSFGRSGANVLT 94.2

SS06 TRAV26-1 TRAJ27 IVRVNTNAGKST 96.5 TRBV20-1 TRBJ2-7 SARGLAKIDEQY 93.7

SS07 TRAV13-1 TRAJ29 AARNSGNTPLV 65.5 TRBV7-9 TRBJ1-1 ASSLGQNTEAF 80.0

SS08 TRAV23/DV6 TRAJ50 AASMKTSYDKVI 95.3 TRBV28 TRBJ1-1 ASSLWRRRGTEAF 95.4

SS09 TRAV12-3 TRAJ29 AMSSGNTPLV 96.3 TRBV19 TRBJ2-1 ASSRTGGSYNEQF 96.8

SS10 TRAV17 TRAJ29 ATSRRSGNTPLV 69.8 TRBV29-1 TRBJ2-3 SVGPSGSHTQY 95.0

SS11 TRAV6 TRAJ23 ALAPIYNQGGKLI 87.7 TRBV10-3 TRBJ2-3 AISEPREGPDTQY 90.6
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CDR3 of 94.4% for TRA (range: 21.8–96.5) and 93.7% for TRB (range: 
11.7–96.8). The detailed frequencies, CDR3 amino acid sequences 
and V and J genes detected together with the predominant CDR3 
regions are detailed in Table 1. Generally, the frequencies of the pre-
dominant TRA and TRB CDR3 regions within the same patient were 
very similar, and a positive correlation between both parameters was 
observed (ρ = 0.700, p=0.016) (Figure 1A).

Concerning the MF patient, 5,469 productive CDR3 sequences 
were obtained, 2,514 corresponding to TRA and 2,955 to TRB. The 
number of distinct CDR3 was 1,719 for TRA and 2,082 for TRB, 
whereas the number of expanded/single CDR3 was 491/1,228 for 
TRA and 556/1,526 for TRB, respectively. As expected, since this 
MF patient did not present blood involvement, the frequencies of 
the predominant TRA and TRB CDR3 regions were very low (1.7% 
and 2.6%, respectively).

Finally, 12,563 productive CDR3 sequences were obtained for 
psoriasis patients, 4,433 corresponding to TRA (median: 830 se-
quences/patient, range: 384–1,579) and 8,130 to TRB (median: 1558 
sequences/patient, range: 980–2455). The total number of distinct 
CDR3 was 3053 for TRA (median: 584/patient, range: 220–1083) 
and 5540 for TRB (median: 1079/patient, range: 544–1652). No 
remarkable CDR3 expansions were found in psoriasis patients (me-
dian frequency of the predominant TRA and TRB CDR3: 0.87% and 
0.69%, p < 0.001 compared to SS) (Figure 1B).

3.2  |  CDR3 regions almost identical to the 
predominant in the same SS patient

CDR3 regions almost identical to the predominant (same length and 
only one amino acid mismatch) were frequently detected within the 

same SS patient (Table S3). When the total number of sequences 
(reads) of each patient were considered, the median frequency of 
CDR3 regions almost identical to the predominant was 1.3 for TRA 
(range: 0.5–2.7) and 1.9 for TRB (range: 0.4–3.6). When only non-
predominant sequences were considered, these values were in-
creased up to a median frequency of 21.4 for TRA (range: 0.6–64.7) 
and 28.9 for TRB (range: 0.5–81.4) (Table S2).

The frequencies of the predominant CDR3 regions and those 
of almost identical CDR3 regions in the same SS patient were ex-
ponentially correlated. This relationship was less evident when 
the frequencies of almost identical CDR3 regions were assessed 
considering the total number of productive sequences for each 
patient (R2=0.654, p < 0.001) (Figure 1C), although it became very 
clear when these frequencies were calculated after removing the 
sequences of the predominant CDR3 region (R2=0.918, p < 0.001) 
(Figure 1D).

3.3  |  HLA similarities between SS patients

As detailed in Table 2, HLA similarities were observed between SS 
patients, mainly regarding class II genes (HLA-DRB1, HLA-DQA1 
and HLA-DQB1). Thus, DRB1*01:01-DQA1*01:01-DQB1*05:01 
was detected in four SS patients and DRB1*11-DQA1*05:05- 
DQB1*03:01 in other four SS patients, two presenting the 
DRB1*11:01 allele and the other two the DRB1*11:04 allele. 
Besides, A*03:01-B*35:01-C*04:01 was shared between two SS pa-
tients. The HLA allele frequencies of SS patients were compared 
to those of a healthy Spanish cohort previously evaluated by our 
collaborators18 (Table S4). Different allele frequencies were identi-
fied between both cohorts, although statistical significance was not 

F I G U R E  1 TRA and TRB CDR3 
analysis. (A) Correlation between the 
frequencies of the predominant TRA and 
TRB CDR3 regions of each SS patient. 
(B) Comparison of the frequencies of the 
predominant CDR3 regions between SS 
and psoriasis (PS) patients. Bars represent 
median frequencies. (C) For SS patients, 
relationship between the frequencies 
of the predominant CDR3 regions and 
the frequencies of CDR3 regions almost 
identical to the predominant within the 
total of sequences or (D) within the non-
predominant sequences. (E) Frequencies 
of shared and private CDR3 amino 
acid sequences across SS patients. (F) 
Frequencies of antigen matches in shared 
and private CDR3 regions of SS patients.

(A) (B) (C)

(D) (E) (F)
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achieved due to the reduced number of SS patients. Nonetheless, 
they showed a trend for a higher frequency of DRB1*01:01 (0.182 
vs. 0.064, p = 0.057), DQA1*01:01 (0.227 vs. 0.108, p = 0.091) and 
DQB1*06:04 (0.091 vs. 0.015, p = 0.055).

Finally, haplotype analysis revealed the presence of the Western 
European HLA haplotype A*29:02-B*44:03-C*16:01-DRB1*07:01-
DQA1*02:01-DQB1*02:02 in three patients, two of them diagnosed 
with SS and the third with erythrodermic MF.

3.4  |  Shared CDR3 regions between 
distinct patients

Next, we compared all the obtained TRA and TRB CDR3 amino acid 
sequences across the SS patients included in the study. In all, 46 
different CDR3 regions were shared by at least two SS patients, 39 
for TRA and 7 for TRB (1.0% and 0.2% of all different CDR3 regions 
respectively, p = 0.022) (Figure 1E). Interestingly, AARNSGNTPLV 
was detected as the predominant TRA CDR3 sequence in patient 
SS07 (with a frequency of 65.5%) and was also identified in pa-
tients SS03 and SS04, in both cases as single TRA CDR3 sequences 
(frequencies: 0.04% and 0.03%, respectively). Notably, the nucleo-
tide sequences of the aforementioned CDR3 regions were differ-
ent in the three patients. Similarly, ASSLGQNTEAF was identified 
as the predominant TRB CDR3 region in patient SS07 (frequency: 
80%) and was also observed in patient SS11 as a single TRB CDR3 
region (frequency: 0.03%), also displaying different nucleotide se-
quences. Most of the cases sharing CDR3 regions presented HLA 
similarities (Table S5).

The CDR3 regions of the erythrodermic MF patient were also 
compared with the CDR3 regions of all SS patients. A total of 60 
matches were observed, 50 for TRA and 10 for TRB (2.9% and 0.5% 
of all different CDR3 regions of the MF patient, respectively). Except 
for one case, HLA similarities were detected between the MF patient 
and those SS patients sharing identical CDR3 regions (Table S5).

3.5  |  Antigen matches mainly detected for shared 
CDR3 regions

VDJdb analysis of the CDR3 amino acid sequences in SS patients re-
vealed 351 matches, 300 for TRA and 51 for TRB. These included a 
match between the predominant TRA CDR3 region of patient SS09 
and the CDR3 region of a T cell clone with specificity for Influenza A 
virus, and between the predominant TRB CDR3 region of patient SS07 
and the CDR3 region of an Epstein–Barr virus-specific T cell clone. This 
same TRB CDR3 region was also observed as a single CDR3 in patient 
SS11. Nonetheless, in all these cases, the employed V genes were dis-
cordant. When considering only CDR3 regions sharing the same V gene 
(public clonotypes) and with ≥3 sequence reads, CDR3 of specific T cell 
clones associated with CMV were highlighted (5 out of 6 CDR3 regions 
of SS patients fulfilling these criteria, 83%). Additionally, a match with 
the TRB CDR3 region ASSLGETQY of patient SS02 was identified, 
which, together with the TRBV5-1 gene, was associated with the rec-
ognition of a self-epitope present in the protein encoded by IGF2BP2 
(Table  3). Interestingly, the frequency of antigen matches within the 
CDR3 regions shared between distinct SS patients was higher than that 
observed for private (non-shared) CDR3 regions, both for TRA (35.9% 
vs. 7.4%, p < 0.001) and TRB (42.9% vs. 1.2%, p < 0.001) (Figure 1F).

VDJdb analysis of the CDR3 regions identified in the MF patient 
provided 198 matches, 162 for TRA and 36 for TRB. A match between 
the predominant TRB CDR3 region of this MF patient (ASSKQGATEAF) 
and the CDR3 region of a CMV-specific T cell clone was detected, al-
though they exhibited discordant V genes. Considering only public clo-
notypes with ≥3 sequence reads, two antigen matches were revealed. 
The first concerned a match with the TRA CDR3 region AGRTGNQFY, 
which together with the TRAV27 gene was related to a T cell clone 
with specificity for Influenza A virus. The second match consisted 
of the TRA CDR3 region AVNGGGADGLT, which together with the 
TRAV12-2 gene was associated with the recognition of a self-epitope 
present in the protein coded by MLANA, an antigen found on the sur-
face of melanocytes (Table 3).

TA B L E  2 HLA gene usage in the 11 SS and one erythrodermic MF patients.

Patient HLA-A HLA-B HLA-C HLA-DRB1 HLA-DQA1 HLA-DQB1

SS02 02:01, 11:01 52:01, 55:01 03:03, 12:02 01:01, 15:02 01:01, 01:03 05:01, 06:01

SS03 03:01, 11:01 35:01, 35:01 04:01, 04:01 01:01, 07:01 01:01, 02:01 02:02, 05:01

SS04 03:01, 03:01 18:01, 35:01 02:02, 04:01 04:03, 14:01 01:01, 03:01 03:02, 05:03

SS09 02:01, 02:01 27:05, 51:01 01:01, 02:02 01:01, 13:01 01:01, 01:03 05:01, 06:03

SS10 02:01, 03:01 07:02, 40:02 03:04, 15:05 01:01, 15:01 01:01, 01:02 05:01, 06:02

SS06 02:02, 11:01 18:01, 49:01 07:01, 07:01 09:01, 11:04 03:02, 05:05 02:02, 03:01

SS07 23:01, 34:02 14:01, 44:03 04:01, 08:02 11:03, 11:04 05:05, 05:05 03:01, 03:01

SS08 01:01, 02:01 44:02, 57:01 05:01, 06:02 07:01, 11:01 02:01, 05:05 03:01, 03:03

SS11 02:01, 02:01 38:01, 51:01 02:02, 12:03 11:01, 13:02 01:06, 05:05 03:01, 06:04

SS01 29:02, 31:01 44:03, 53:01 04:01, 16:01 07:01, 13:02 01:02, 02:01 02:02, 06:04

SS05 02:01, 29:02 13:02, 44:03 06:02, 16:01 07:01, 15:01 01:02, 02:01 02:02, 05:02

MF01 11:01, 29:02 18:01, 44:03 05:01, 16:01 03:01, 07:01 02:01, 05:01 02:01, 02:02

Note: Highlighted in the boxes: three groups established according to HLA similarities, which are also highlighted in bold.
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4  |  DISCUSSION

Prior investigations described T cell restrictions in CTCL.9,11 These 
findings are supported by our study, in which we found that the pre-
dominant TRA and TRB CDR3 regions of SS patients were highly ex-
panded (median frequency >93%, range: 11.7%–96.8%) and closely 
correlated, suggesting that the identified predominant TRA and TRB 
CDR3 regions assemble together in the same TR found in the malig-
nant clone. We employed psoriasis patients as negative controls for 
clonality and, as expected, no remarkable CDR3 expansions were 
observed, with no CDR3 representing more than 1.8% of the overall 
T cell population. These results are similar to those obtained in an-
other RNA sequencing study in peripheral T cell lymphoma, where 
patients with dominant T cell clones (65/76) exhibited predominant 
clone frequencies between 11%–99%, whereas in normal T cell 
populations these frequencies were below 2%.7 Nonetheless, to op-
timally assess these values, a much larger sample size must be evalu-
ated. All these findings pave the way for the implementation of RNA 
sequencing as an option for the analysis of clonal TR rearrangements 
in T cell malignancies.

We also found CDR3 regions almost identical to the predomi-
nant in all SS patients, whose frequencies were exponentially cor-
related with those of the predominant CDR3 regions. Even though 
the possibility of sequencing errors cannot be completely discarded 
(and therefore, some caution is required), different findings point to 
the existence of almost identical CDR3 regions naturally occurring 
in SS patients: (i) several almost identical sequencies were detected 
multiple times (multiple reads); and (ii) several of those detected 
only once (one read) involved two base changes for one amino acid 
change. Recent studies have shown that TRs that recognize the same 
epitopes often exhibit similar sequences.17,19–21 The identification 
of these clusters of almost identical CDR3 regions in the same SS 
patient suggests that increased and specific antigenic pressure may 
produce groups of T cells equipped with TRs responding to the same 
antigen. Eventually, the malignant transformation of one of these 
T cell clones could account for our results. Alternatively, as previ-
ously described in other lymphoid neoplasms,22,23 CDR3 regions 
almost identical to the predominant could represent intratumor 

diversification, whose impact on the clinical course of SS patients 
should be characterized.

Additionally, we identified HLA similarities mainly for HLA class II 
DR and DQ genes, which could be associated with the classical idea 
that CD4+ T cells, as those malignant cells found in CTCL, recognize 
peptides on class II HLA complexes found in antigen-presenting cells.24 
Previous investigations addressed to find HLA associations in patients 
with CTCL identified similarities mainly for HLA class II genes, whereas 
class I associations were less consistent.12,13 In detail, the DRB1*01, 
DQA1*01:01, DQB1*05 and B*35 alleles were related to poor prog-
nosis in 46 MF Caucasian patients.14,15 Compared to healthy subjects 
from the same population, our SS cohort exhibited a trend towards in-
creased DRB1*01 and DQA1*01:01 frequencies, and a specific group 
of 5 SS patients presented the DQA1*01:01 allele in combination with 
some of the other poor prognosis alleles disclosed by Brazzelli and 
colleagues. Other investigations pointed to DRB1*11 and DQB1*03 
as susceptibility alleles for CTCL.12,13 In our study, a second group of 
four SS patients exhibited both DRB1*11 and DQB1*03 together with 
the DQA1*05:05 allele, which further supports previous results and 
draws attention to DRB1*11-DQA1*05:05-DQB1*03 as a susceptibil-
ity haplotype for SS. Finally, the Western European HLA haplotype 
was found in two SS and the one erythrodermic MF subjects. This 
could potentially point to common immunogenetic susceptibilities in 
the development of both entities. However, since the studied cohort 
belongs to the Spanish population, where A*29:02-B*44:03-C*16:01-
DRB1*07:01-DQA1*02:01- DQB1*02:02 is one of the most frequent 
haplotypes,18,25 its potential association with SS/MF should be bet-
ter characterized. For both cases (specific alleles and haplotypes), the 
evaluation of larger Spanish SS cohorts should be performed to cor-
roborate the HLA associations suggested by this study.

Besides, we identified CDR3 regions shared between distinct 
patients, most of them displaying different nucleotide sequences, 
which excludes the possibility of cross- contamination. These 
shared CDR3 regions could be the result of several independent 
recombination events converging in the same CDR3 (conver-
gent recombination) or due to the presence of the same antigens 
acting in different individuals and expanding the same specific T 
cell clone (convergent antigen selection).26 Prior T cell repertoire 

Gene Patient Antigen match

Shared clonotype

V gene J gene CDR3 sequence

TRA SS03 CMV TRAV8-6 TRAJ43 AVSSYNNNDMR

SS03 CMV TRAV17 TRAJ23 ATDNQGGKLI

SS04 CMV TRAV21 TRAJ37 APSGNTGKLI

SS04 CMV TRAV8-3 TRAJ20 AVGGNDYKLS

MF01 Influenza A TRAV27 TRAJ49 AGRTGNQFY

MF01 Self-antigen TRAV12-2 TRAJ45 AVNGGGADGLT

TRB SS02 Self-antigen TRBV5-1 TRBJ2-5 ASSLGETQY

SS09 CMV TRBV19 TRBJ2-1 ASRRTGGSYNEQF

Note: Only cases sharing the same V gene (public clonotypes), with V-score ≥200 and ≥3 sequence 
reads are shown.

TA B L E  3 Antigen matches for the 
CDR3 regions of the 11 SS and one 
erythrodermic MF patients, according to 
VDJdb.
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studies performed with limited sampling depth (e.g., using cloning 
strategies) hardly allowed the identification of shared T cell clones 
among patients, which led to considering them as disease-specific 
(convergent antigen selection).27,28 Nonetheless, other investiga-
tions carried out with high-throughput methods in healthy unre-
lated individuals demonstrated a huge overlap in TR repertoires.29 
We also detected a significant increased frequency of shared CDR3 
regions for TRA compared to TRB, which is in accordance with a re-
cent high-throughput study performed in 20 healthy subjects which 
demonstrated that TRA repertoires are more similar between in-
dividuals than TRB repertoires.30 These previous high-throughput 
investigations in healthy donors suggest that most of the shared 
CDR3 regions found among our patients could have been generated 
by convergent recombination rather than convergent antigenic se-
lection (the latter being potentially associated with the pathogene-
sis of the disease). However, the predominant TRA and TRB CDR3 
regions of patient SS07 (which could be considered the CDR3 re-
gions of the malignant T cell clone) were also found in three other 
patients displaying different nucleotide sequences, pointing to 
common antigens potentially related to SS pathogenesis.

Among the different antigen matches provided by VDJdb, the 
most restrictive analysis (same CDR3 and V gene) highlighted spe-
cific T cell clones associated with CMV. Previous studies reported 
a significant association between CMV infection or reactivation 
and SS or MF development or progression.31,32 A match with a T 
cell clonotype able to recognize a self-epitope found in melanocytes 
was also identified. The previous finding, which was observed in the 
erythrodermic MF patient from our series, is compatible with the 
particular skin tropism that characterizes the malignant T cells of this 
entity, which express markers of skin resident T cells2 and cutaneous 
T cell homing receptors (CLA antigen). When less restrictive criteria 
were applied (same CDR3 but different V gene), the predominant 
CDR3 regions of two distinct SS patients matched CDR3 regions 
found in the context of Epstein–Barr virus and Influenza A infec-
tions. As these antigen matches concerned the predominant CDR3 
regions (probably corresponding to the malignant clone), an asso-
ciation between these specific viruses and malignant T cell prolif-
eration in these two patients could be hypothesized. Nonetheless, 
since the V genes that accompanied these common CDR3 regions 
were discordant, these results should be interpreted with caution. 
Additionally, a match between a CDR3 region of a CMV-specific T 
cell clone was identified for the predominant TRB CDR3 region of 
the erythrodermic MF patient, also exhibiting discordant V genes. 
Some studies pointed to Epstein–Barr virus as a likely etiologic agent 
or promoter of SS and MF pathogenesis,33,34 and CMV infection was 
associated with CTCL, as previously discussed.31,32 However, func-
tional studies should be performed to confirm the stimulation of the 
T cell clones of these patients by the aforementioned pathogens.

In all, we have demonstrated that CD4+ T cells of SS patients 
express highly expanded and correlated predominant TRA and TRB 
CDR3 regions, CDR3 almost identical to the predominant in the 
same patient, and shared CDR3 regions enriched in antigen matches 
between different patients (including CMV, Epstein–Barr virus, 

Influenza virus and self-antigens). No remarkable CDR3 expansions 
were found in psoriasis patients. It is worth noting that, contrarily 
to exome data, RNA sequencing provides information regarding all 
transcribed genes found in the sample, as previously published for 
the SS cohort of the present study.16 All these findings, together 
with the rapid decrease of sequencing costs and the increasing im-
portance of tumor profiling in the context of personalized medicine, 
point to high-throughput RNA sequencing as a useful tool for paral-
lel clonality and biological assessment in SS.
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