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A B S T R A Cc T

The genetic and molecular aberrations underlying T-cell lymphomagenesis and the biological diver-
sity of peripheral T-cell lymphoma (PTCL) entities remain poorly characterized. Only two entities,
anaplastic lymphoma kinase ALK-positive ALCL and T-prolymphocytic leukemia (T-PLL), are character-
ized by specific chromosomal translocations. Over the past years, the application of genome-wide
expression profiling techniques to most PTCL entities has helped refine their diagnostic criteria and
identify novel diagnostic biomarkers and oncogenic pathways. Recent developments in massive paral-
lel sequencing technologies have markedly accelerated the discovery of cancer-associated mutations
and this has translated into the identification of several novel recurrent genetic alterations in PTCLs.
In this review, we will summarize the current knowledge on the molecular biomarkers of PTCLs by
focusing on genetic mutations and recent discoveries by virtue of their diagnostic, prognostic or ther-

apeutic implications.

Learning goals

At the conclusion of this activity, the participant should be able to:
- describe established and emerging genetic molecular markers associated to peripheral T-cell

entities;

- describe the diagnostic and prognostic value of these markers;
- understand their relevance to pathophysiology of T-cell neoplasms and their contribution to

lymphomagenesis;

- understand the importance of these novel biological findings for the development of targeted

therapeutic strategies.

Introduction

Peripheral T-cell lymphomas (PTCLs) con-
stitute a heterogeneous group of uncommon
neoplasias that together account for less than
15% of all non-Hodgkin lymphomas world-
wide. They are listed in the WHO classifica-
tion according to their major presenting fea-
tures as predominantly disseminated/
leukemic, extranodal or nodal diseases (Table
1).! With the exception of anaplastic lym-
phoma kinase-positive anaplastic large cell
lymphoma (ALK+ ALCL), non-cutaneous
PTCLs almost uniformly exhibit resistance to
standard chemotherapy regimens and have a
poor clinical outcome.??

The genetic and molecular aberrations
underlying T-cell lymphomagenesis and the
biological diversity of PTCL entities remain
poorly characterized. Only two entities, name-
ly anaplastic lymphoma kinase ALK+ ALCL
and T-prolymphocytic leukemia (T-PLL), are
characterized by specific chromosomal trans-
locations, involving ALK with NPM1 or other
genes, and TCLI or MTCPI with TCRAD,
respectively.! Over the past years, the applica-
tion of genome-wide expression profiling
techniques to most PTCL entities has helped
refine their diagnostic criteria and identify
novel diagnostic biomarkers and oncogenic
pathways, guiding the development of novel

targeted therapies (reviewed by Bisig?).
Whereas the novel findings derived from con-
ventional cytogenetic studies or comparative
genomic hybridization methods remain limit-
ed,>7 recent developments in massive parallel
sequencing technologies have markedly accel-
erated the discovery of cancer-associated
mutations, and this has translated into the
identification of several novel recurrent genet-
ic alterations in PTCLs. In this review, we will
summarize the current knowledge on the
molecular biomarkers of PTCLs by focusing
on genetic mutations and recent discoveries by
virtue of their diagnostic, prognostic or thera-
peutic implications. We will discuss only the
most common PTCL subtypes with a predom-
inantly nodal or extranodal presentation, and
will limit our consideration of cutaneous enti-
ties to the group of CD30-positive cutaneous
lymphoproliferations.

Angioimmunoblastic T-cell ymphoma
and other lymphomas with a T,
immunophenotype

Angioimmunoblastic T-cell lymphoma
(AITL), one of the most common PTCL word-
wide, is the prototypic neoplasm derived from
follicular helper CD4+ T cells (Ty; cells).??
The disease affects elderly adults, and usually
manifests by generalized peripheral lym-
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phadenopathy, systemic symptoms, skin rash, hypergam-
maglobulinemia and autoimmune manifestations, with a
median survival of less than three years (reviewed by de
Leva et al.'?). The cellular derivation of AITL from Ty, cells
likely explains several of the peculiar pathological and bio-
logical features inherent to this disease, i.e. the presence of
an abundant reactive microenvironment including B cells
and follicular dendritic cells (FDCs), hypergammaglobu-
linemia and autoimmune manifestations. However, the
molecular mechanisms underlying the neoplastic transfor-
mation of Ty, cells remain poorly understood.

By conventional cytogenetic analysis, detection of clon-
al aberrations (most commonly trisomies of chromosomes
3,5 and 21, gain of X, and loss of 6q) has been reported in
up to 90% of the cases (reviewed by de Leval et al.'?).

Recurrent point mutations in TET2, IDH2 and DNMT3A
genes are detected in 50%-70%, 20%-30% and 20%-30%
of AITL cases, respectively.'"14 Alterations in these genes
which encode enzymes involved in DNA methylation and
hydroxymethylation thereby contributing to the epigenetic
control of transcription, are common in various other
hematologic malignancies. TET2 mutations in AITL are
often multiple and inactivating; they are associated with
advanced-stage disease, high IPI scores, and a shorter pro-

Table 1. Mature T- and NK-cell neoplasms in the 2008
WHO classification of lymphoid tumors (adapted from
Swerdlow et al.t).

Leukemic or disseminated

T-cell prolymphocytic leukemia

T-cell large granular lymphocytic leukemia

Chronic lymphoproliferative disorders of NK cells*

Aggressive NK-cell leukemia

Adult T-cell lymphoma/leukemia (HTLV1-positive)

Systemic Epstein-Barr virus (EBV)-positive T-cell lymphoproliferative disorders of
childhood

Extranodal

Extranodal NK-/T-cell lymphoma, nasal type
Enteropathy-associated T-cell lymphoma
Hepatosplenic T-cell lymphoma

Cutaneous

Mycosis fungoides
Sezary syndrome
Primary cutaneous CD30+ lymphoproliferative disorders
Primary cutaneous anaplastic large cell lymphoma
Lymphomatoid papulosis
Subcutaneous panniculitis-like T-cell lymphoma
Primary cutaneous gamma-delta T-cell lymphoma*
Primary cutaneous aggressive epidermotropic CD8+ cytotoxic T-cell lymphoma*
Primary cutaneous small/medium CD4+ T-cell lymphoma*
Hydroa vacciniforme-like lymphoma

Nodal

Angioimmunoblastic T-cell lymphoma (AITL)

Anaplastic large cell lymphoma, ALK-positive (ALK+)

Anaplastic large cell lymphoma, ALK-negative (ALK-)*
Peripheral T-cell lymphoma, not otherwise specified (PTCL-NOS)
*Provisional entities.

gression-free survival.! DNMT3A mutations and IDH?2
mutations at the R172 residue almost always occur in
association with TET2 mutations.!*!® TET2 and DNMT3
alterations are not specific for AITL as they have been also
reported in a proportion of PTCLs not otherwise specified
(PTCL-NOS); conversely /IDH2 mutations appear to be
specific for AITL."?

Using next generation sequencing methods, three inde-
pendent groups found somatic RHOA mutations encoding
a p.Gly17Val in approximately 70% of AITLs.!>'7” RHOA
encodes a small GTPase that regulates a variety of biolog-
ical processes by regulating the actin cytoskeleton and cell
adhesion. Mechanistically, the G17V RHOA mutant does
not bind GTP and inhibits wild-type RHOA function,
exerting a dominant negative effect. At the transcriptomic
level, RHOA mutations are associated with a characteristic
molecular signature including activation of the alternative
nuclear factor kappa-B pathway, the phosphatidylinositol
3-kinase (PI3K), RACI and p38 mitogen-activated protein
kinase (MAPK) pathways.!® Subpopulation analyses indi-
cate that RHOA G17V is present only in the tumor cells;
conversely TET2 and DNMT3A mutations have been evi-
denced also in hematopoietic progenitors.'*!* Moreover, in
most cases RHOA mutations are observed in TET2 mutat-
ed tumors, and the allelic burden for TET2 or DNMT3A
mutations is higher than for RHOA, suggesting that the co-
operation between impaired RHOA function and preced-
ing TET2 loss of function contributes to AITL pathogene-
sis.®

Other less frequent but recurrent genetic alterations evi-
denced by next generation sequencing approaches include
mutations in FYN (activating mutations, potentially inhib-
ited by dasatinib), ATM, B2M, CD58, CD28, EZH2 and
VAV 1617

A recent study identified CD28-ICOS fusion transcripts
in some cases of AITL, a finding that is of interest in view
of the role of these co-stimulatory molecules in the inter-
action between Ty, and B cells.?®

Peripheral T-cell lymphoma not otherwise specified follicu-
lar variant

Peripheral T-cell lymphoma not otherwise specified fol-
licular variant (PTCL-F) is a rare variant of PTCL-NOS
(defined by a pattern of growth related to follicular struc-
tures?!) which comprises neoplastic CD4+ T cells with
usually extensive expression of Ty, markers.?? In addition
to overlapping immunophenotypic features, several lines
of evidence suggest a relationship to AITL; PTCL-F may
present biological and clinical features overlapping with
those of AITL,2>?* and patients with F-PTCL may present
with recurrent lesions resembling AITL and vice versa.

The t(5;9)(q33;q22) translocation, which juxtaposes the
IL-2-inducible T-cell kinase (ITK) gene on chromosome 5
and the spleen tyrosine kinase (SYK) gene on chromosome
9, is found in approximately 20% of PTCL-F and was also
recently found in a case of AITL, reinforcing the concept
of related entities.>?22* The ITK-SYK fusion protein, com-
prising the N-terminal pleckstrin homology domain and
proline-rich region of ITK, and the tyrosine kinase domain
of SYK, is a catalytically active tyrosine kinase with
transforming properties demonstrated in vitro* which
induces a T-cell lymphoproliferative disease in mice
through a signal that mimics TCR activation.?¢?’ The
t(5:9)/ITK-SYK translocation can be routinely assayed
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using home-made FISH probes. Hitherto, the utility of this
test in a diagnostic setting is limited, since the transloca-
tion is present in only 20% of PTCL-F>??and its prognos-
tic significance is unknown. In a series of AITL and
PTCL-NOS from Taiwan, increased copy numbers of ITK
and/or SYK were found in 38% and 13% of cases, respec-
tively, in the absence of SYK-ITK fusions.?®

Peripheral T-cell lymphoma not otherwise specified
expressing TFH markers

In addition to the above-mentioned Ty,-derived PTCL
subtypes, a subset of cases classified as PTCL-NOS on the
basis of their pathological features harbor imprints of the
Ty, signature and/or express Ty, markers, and frequently
exhibit some AITL-like clinical and/or pathological fea-
tures. Interestingly, some of the recurrent mutations
demonstrated in AITL (TET2, RHOA) also occur in a sub-
set of PTCL-NOS and correlate with the presence of Ty, -
like features.!'> Altogether, these observations question
whether PTCL-NOS with Ty, -like features represent
AITL evolving into PTCL-NOS-like tumors, and suggest
that the spectrum of AITL may be broader than is currently
thought 82930

Peripheral T-cell lymphoma not otherwise specified

Up to one-third of PTCLs lacking specific features of
another entity are by default designated as unspecified
PTCL (PTCL-NOS). Not unexpectedly this ‘waste-basket’
category comprises the most heterogeneous group of
PTCL, with variable morphology, immunophenotype and
genetics.

Conventional cytogenetics and comparative genomic
hybridization studies have documented many genetic
aberrations and complex patterns of imbalances in PTCL-
NOS, but these data are on the whole difficult to interpret,
and have essentially not allowed specific driver alterations
to be captured (reviewed by de Leval et al.”).

Chromosomal breaks involving the TCR gene loci
(mostly the A/B TCR locus at 14q11.2) occur in rare cases
of PTCL-NOS. 3! Although the identity of the transloca-
tion partner(s) has not been identified in most cases, two
recurrent translocations are characterized.’>3* The
t(14;19)(q11:q13) translocation fuses the poliovirus recep-
tor-related 2 (PVRL2) to TCRA and appears to be associat-
ed with overexpression of both PVRL2 and BCL3
mRNASs.33 The t(6;14)(p25;q11.2) involving the IRF4
locus has been reported in 3 cases of clinically aggressive
cytotoxic PTCL.%¥7

PTCL-NOS are also heterogeneous at the molecular
level, and accordingly gene expression profiling has delin-
eated different molecular subgroups in different studies
(reviewed by de Leval’). In a meta-analysis based on more
than 300 PTCL gene expression profiles,’ two distinct
subgroups of PTCL-NOS were identified, characterized
by high expression of either GATA3 or TBX21 transcrip-
tion factors (master regulators of TH1 and Th2 differenti-
ation pathways, respectively) and corresponding target
genes, suggesting that a large proportion of PTCL-NOS
may be segregated in relationship to either Th1 or Th2 lin-
eage derivation. The GATA3 subgroup was associated
with distinctly worse prognosis. Immunohistochemistry
could be a reliable surrogate to the molecular signatures,
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and in independent series of cases, GATA3 expression
identified a high-risk subset of PTCL-NOS.*

PTCL-NOS is characterized by consistent overexpres-
sion of the platelet-derived growth factor receptor alpha
(PDGFRa) mRNA and overexpression of the protein in an
active phosphorylated form.#4! PDGFRA deregulation
occurs in the absence of PDGFRA gene deregulation as
the consequence of PDGFAA overexpression by the tumor
cells resulting in an autocrine loop fostering tumor cell
proliferation.*

Independently of the t(5;9)/ITK-SYK translocation,
which is overall exceedingly rare, aberrant SYK expres-
sion and activation has been reported as a common feature
of most PTCL histotypes (94% of cases).** However, these
findings could not be reproduced by others who reported
SYK expression to be mostly absent* or limited to a sub-
set of CD30+ PTCLs.* Given the important implications
of potential therapeutic inhibition of SYK, this issue needs
to be elucidated by further research.

A recurrent mutation in the phospholipase C-gammal
gene (PLCGI) encoding a protein with p.Ser345Phe
(S354F) alteration that affects the catalytic domain of the
protein and increases its activity, is identified in approxi-
mately 15% of PTCL-NOS and tends to correlate with
lower survival, CD30 expression by the tumor cells, and
markers of activation of the NF-kappaB pathway.* This
mutation, initially discovered in cutaneous T-cell lym-
phomas,*is also present in a smaller proportion (12%) of
AITLs.

Anaplastic large cell lymphoma ALK-positive

Anaplastic lymphoma kinase (ALK)-positive ALCL is
characterized by usually large and pleomorphic tumor
cells with strong CD30 expression and expression of ALK
fusion protein derived from rearrangement of the ALK
gene (2p23). There is a variety of ALK translocations, the
most common fusing ALK to the nucleophosmin gene
(NPM) (5q35). Less common partner genes include
Tropomyosin 3 (TPM3), TRK fused gene (TFG), ATIC
(Pur H gene) and Clathrin heavy chain (CLTC).
Immunohistochemistry assesses ALK protein expression
with high sensitivity and specificity. The subcellular loca-
tion of the immunostaining is indicative of the type of
translocation: in cases with the t(2;5)/NPM-ALK translo-
cation ALK staining is both cytoplasmic and nuclear,
while most variant translocations entail an ALK positivity
restricted to the cytoplasm.*® All translocations induce for-
mation of chimeric fusion proteins which induce constitu-
tive ALK tyrosine kinase activation and drive oncogenesis
through engagement of multiple signaling pathways,
including the JAK/STAT and the PI3K/Akt pathways
(reviewed by Lai et al.*).

Anaplastic large cell lymphoma ALK-negative

The WHO recognizes two other entities of ALCL nega-
tive for ALK translocations and ALK expression: systemic
ALK-negative ALCL and primary cutaneous ALCL,
which is part of the spectrum of primary cutaneous CD30+
lymphoproliferations.
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Systemic ALK-negative anaplastic large cell lymphoma

This (provisional) entity is defined as a large cell lym-
phoma with comparable morphology to classical ALK-
positive ALCL, uniformly strongly positive for CD30 but
lacking ALK expression.! Compared to ALK-positive
ALCL, ALK-negative ALCL tends to occur in older indi-
viduals, and to have more preserved T-cell immunopheno-
type with less frequent expression of cytotoxic markers
and of epithelial membranous antigen (EMA).30-°

Chromosomal aberrations differ from those of ALK-
positive ALCL.5! While distinct signatures have been
derived from the comparison of ALK-positive and ALK-
negative ALCL,? transcriptional profiling studies have
also evidenced much in common between ALK-positive
and ALK-negative ALCL, and between ALK-negative
ALCL and a subset of PTCL-NOS with strong CD30
expression.”*>* In the absence of a consistent molecular
marker for ALK-negative ALCL, a three-gene model has
been proposed to distinguish ALK-negative ALCL from
PTCL-NOS . By genome-wide DNA profiling of ALCLs
with high-density, single nucleotide polymorphism arrays,
the most common lesions in ALCLs were losses of TP53
at 17p13 and/or PRDM1 at 6q21 in 52% of ALK-ALCL,
and in 29% of all ALCL cases. PRDMI, coding for
BLIMPI1, was inactivated by multiple mechanisms, more
frequently, but not exclusively, in ALK-ALCL, and in
vitro experiments supported the concept that PRDM] is a
tumor suppressor gene in ALCL models, likely acting as
an antiapoptotic agent.® Extra copies of PAX-5 are detect-
ed in a subset of ALK- ALCL.Y’

Two types of recurrent translocations have been recently
discovered in ALK-negative ALCL by massive parallel
sequencing. The most frequent rearrangements involving
the 6p25.3 locus are rather specific to systemic and cuta-
neous ALK- ALCLs, and virtually absent in other PTCL
entities.®*%%" The breaks (6p25.3) involve either IRF4 or
DUSP22 (encoding a dual-specificity phosphatase that
inhibits TCR signaling) with various partners. The
t(6;7)(p25.3;q32.3) translocation entails downregulation
of DUSP22 and overexpression of microRNA-coding
MIR29, suggesting that DUSP22 might function as a
tumor suppressor and MIR29 as an oncogene.’® DUSP22-
rearranged cases appear to have increased expression of
the CCR8 chemokine, irrespective of the cutaneous or sys-
temic presentation.! TP63 rearrangements encoding
fusion proteins homologous to ANp63, a dominant-nega-
tive p63 isoform that inhibits the pS3 pathway, have been
detected in approximately 10% of ALK-negative ALCL
and PTCL-NOS.®> The frequency of mutually exclusive
chromosomal rearrangements of DUSP22 and TP63 in
ALK-negative ALCL is 30% and 8% of the cases, respec-
tively. In one study comparing ALK-positive ALCL with
ALK-negative ALCLs, stratified according to genetic fea-
tures, DUSP22-rearranged ALCLs had a prognosis similar
to ALK-positive ALCL, TP63 rearrangements were asso-
ciated with a bad outcome (5-year OS: 17%), and cases
lacking all 3 genetic markers had an intermediate progno-
sis.%?

Primary cutaneous anaplastic large cell lymphoma

Primary cutaneous ALCL has overlapping clinical and
pathological features with lymphomatoid papulosis, which
together constitute the spectrum of primary CD30-positive

cutaneous lymphoproliferative diseases. Primary cuta-
neous ALCL presents as solitary skin nodules or tumors
that may regress and recur, and usually carries a good
prognosis. The tumor comprises sheets of large anaplastic
CD30+ cytotoxic T cells that are negative for EMA and
ALK.

Rearrangements of the 6p25.3 locus occur in approxi-
mately30% of primary cutaneous ALCL, while they are
absent in lymphomatoid papulosis of the classical type or
in transformed mycosis fungoides, and are otherwise not
found in other T-cell lymphoproliferative disorders involv-
ing the skin.>% DUSP22 translocation was recently des-
cribed in a series of lymphomatoid papulosis patients,
with a particular biphasic histological pattern, including
pagetoid reticulosis-type epidermal infiltration.®¢> Other
IRF4 FISH abnormalities (mainly extra copies of the IRF4
locus, mutually exclusive with translocations) also occur
and are more widely distributed over the T-cell lympho-
proliferation subtypes.®

A chimeric fusion involving NPM1 (5q35) and TYK?2
(19p13) that encodes an NPM1-TYK?2 protein containing
the oligomerization domain of NPM1 and an intact cataly-
tic domain in 7YK2, was recently identified in 4% of pri-
mary cases of CD30-positive LPDs and was absent in
other mature T-cell neoplasms. Functionally, NPMI1-
TYK?2 induced constitutive TYK?2, signal transducer and
activator of transcription 1(STAT1), STAT3, and STATS
activation.®

Hepatosplenic T-cell lymphoma

Hepatosplenic T-cell lymphoma (HSTL) is an aggres-
sive T-cell lymphoma, usually of gamma-delta(yd) deriva-
tion, which predominantly affects young male adults and
may arise in the setting of chronic immune suppression or
prolonged antigenic stimulation, particularly in solid
organ transplant recipients or in children treated by aza-
thioprine and infliximab for Crohn disease.5’

Isochromosome 7q, or i(7)(ql10), is observed in the
majority of the cases.®®® Isochromosome 7q results in
deletion of the short arm of chromosome 7 which may
lead to the loss of tumor suppressor genes located on 7p,
as well as loss of TRB gene at 7p15, and duplication of the
long arm, most likely causing overexpression of onco-
genes located on 7q, as well as the TRG gene at 7q35.°° In
rare instances, extra copies of 7q are caused by ring chro-
mosome 7.7° Isochromosome 7q is usually thought to be
the primary abnormality of this disease with a tendency to
multiply the i(7)(q10) during disease progression; it may
be accompanied by trisomy 8 and loss of a sex chromo-
some, which seem also to be associated with progression
of the disease.”!’? Isochromosome 7q is not specific for
HSTL, as it is indeed one of the most common isochromo-
somes in malignant disorders (acute myeloid and lym-
phoblastic leukemias, myelodysplastic syndromes and
Wilms tumor), and it has also been found on occasions in
cases of NK-/T-cell lymphomas and ALK-negative
ALCLs.3

Mutually exclusive activating mutations in the SH2
domain of STAT5B (most commonly, and mainly hotspot
mutations p.N642H) or STAT3 genes (in rare cases) were
recently reported in approximately one-third of cases of
HSTL.37 Interestingly, STAT5B mutations are also recur-
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rent in non-hepatosplenic YOTCLs, including primary
cutaneous YOTCL and a subset of type II enteropathy-
associated TCL.”

Extranodal NK-/T-cell lymphoma

Extranodal NK-/T-cell lymphoma (ENKTCL) nasal
type is an Epstein-Barr virus (EBV)-associated aggressive
cytotoxic lymphoma, most common in Asia, Mexico and
South America. It is derived from NK cells or, more rarely,
T cells. Epstein-Barr virus is clonally present in an episo-
mal form in the tumor cells and exerts oncogenic effects
through the production of cytokines such as IL-9 and IL-10,
upregulation of IP10/MIP2 chemokines that may contribute
to vascular damage and secondary necrosis,” while TNFo
production may explain the common hematophagocytic
syndrome. Partial deletion of chromosome 6 (6q21-25) is a
recurrent aberration in ENKTCL. Several candidate tumor
suppressor genes, such as PRDMI, ATGS5, AIMI and
HACE]I , are mapping to that region and their inactivation by
deletion and/or methylation might be involved in lym-
phomagenesis.”®”” The molecular signature of ENKTCL,
irrespective of the cellular derivation, is distinct from that of
other PTCLs, including overexpression of granzyme H.
Compared to normal NK cells, extranodal NKTCL is char-
acterized by activation of PDGFRA, and of the AKT,
JAK/STAT, and nuclear factor-kappaB pathways.””-8

Constitutive activation of STAT3 is a characteristic onco-
genic feature in NKTCL, associated to constitutive JAK3
activation. In a subset of cases, JAK/STAT deregulation can
be ascribed to JAK3 somatic-activating mutations (found in
20%-30% of cases) or STAT3 mutations (in less than 10%
of cases).”*7?80 Other genes found recurrently mutated in
ENKTCK include TP53, CCNDI, FAS.

Enteropathy-associated T-cell ymphoma

Enteropathy-associated T-cell lymphoma (EATL)
defines an intestinal tumor derived from intestinal intraep-
ithelial lymphocytes (IEL). EATL type I is most common
and occurs as a complication of gluten-sensitive enteropa-
thy. Type II EATL is overall very rare and in the majority
of cases there is no association with celiac disease.®' Both
types share common recurrent chromosomal imbalances
and also distinctive genetic alterations. 9q33-q34 gains
and 16q21.1 deletions are common to both types.
However, gains or partial trisomy of 1q22-44 and 5q
(commonly found in type I EATL) are rare in type II,
while gains of the MYC oncogene locus at 8q24 are fre-
quent.®? The recent discovery of recurrent STAT5B muta-
tions in a subset of type II cases offers the possibility of
applying targeted treatment to this highly aggressive, and
usually rapidly fatal, disease.’

Mature T-cell neoplasms with a leukemic/dissemi-
nated presentation

The epidemiology, clinical features and outcome, mor-
phology, immunophenotype, and main genetic features of
these disease entities are summarized in Table 2.

The vast majority of T-PLL are characterized by translo-
cations or inversions with the TRA gene, involving the

TCLI and TCLIb genes at 14932 [inv(14)(ql1;q32.1) or
t(14;14)(q11;932.1)], or the MTCPI gene at Xq28
[t(X;14)(q28;932.1)], which are over-expressed as a con-
sequence of juxtaposition to the TRA locus.®3 TCL1 binds
to AKT1, enhances its activity and promotes its transport
to the nucleus; TCL1 overexpression confers resistance to
activation-induced cell death and growth arrest in T-PLL
cells and derived cell lines. Transgenic mice over-express-
ing either activated TCL1 or MTCP1 gene in T cells
develop mature T-cell leukemias. 7CLI gene rearrange-
ments are specific for T-PLL and are not observed in other
categories of T-cell neoplasms.** In addition, recent
sequencing analyses have evidenced recurrent mutually
exclusive gain-of function mutations in JAKI, JAK3,
STATSB, in less than 10%, 30%-40%, and 35% of the
cases, respectively.’486

Chronic lymphoproliferative disorders of NK cells and
T-large granular lymphocyte leukemia, two indolent lym-
phoproliferative disorders, were found to have in common
a relatively high frequency (approx. one-third of cases) of
STAT3 mutations.’”$% STATSB mutations are conversely
rare in these entities and appear to correlate with aggres-
sive variants of the disease.®’

Conclusion

The application of next generation sequencing methods
to different PTCL entities has led to the discovery of an
increasing number of recurrent mutations associated with
these disorders, some being rather specific to certain dis-
ease entities and others being common to several entities.
The cell of origin as a determinant of T-cell lymphoma
biology correlates to some extent with the type of muta-
tions demonstrated. The molecular pathways that are
recurrently targeted by these alterations include the
JAK/STAT, TCR, and PDGFR pathways. The functional
consequences of these mutations are not fully understood,
and for many of them, whether they have a ‘driving’ role
in lymphomagenesis remains unclear. Interestingly, how-
ever, there are several potential inhibitory compounds that
are antagonistic in terms of activating mutations, which
may represent promising novel therapeutic approaches.
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