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TAKE HOME MESSAGES

 ● The natural diversity of T cells in normal immune system 
functions contributes –  in part –  to the diversity of T-cell 
malignancies.

 ● CD4-positive T lymphocytes, also called T helper (Th) cells, are 
divided into a diverse repertoire of T lymphocytes (e.g. Th1, 
Th2, and Th17), in part defined by the cytokine profile they 
elaborate.

 ● Th1 and Th2 lymphocytes can also be classified based on the 
expression of the transcription factors T-bet and GATA3. These 
 factors can be prognostic in peripheral T-cell non-Hodgkin 
lymphomas derived from these cells (with GATA3 being asso-
ciated with a poor prognosis).

 Introduction
The T-cell system is conventionally regarded as an enabler 
of diverse compartments, which correspond to different 
steps of differentiation and functional subsets of mature 
cells taking part in the immune response in the peripheral 
lymphoid and non-lymphoid tissues.

In this chapter, we give a overview of the T-cell system, 
more functionally than anatomically oriented, to reflect its 
extreme plasticity. This plasticity is thought to lie at the 
heart of the diversity of T-cell malignancies now recog-
nized by the World Health Organization.

GeneralViewof the Differentiation
and Functionof TLymphocytes

The immune system can be classified into two basic compo-
nent: (i) the innate immune system, and (ii) the acquired 
immune system. The innate immune system is considered 
to be relatively agnostic to any specific antigen, and is often 
described as invariant. The innate immune response is the 
first line of defense, and typically exhibits limited specific-
ity. Examples of innate immune response may include 

phagocytosis by macrophages, barriers to infection  provided 
by the skin and tears, natural killer and mast cells, and com-
plement-mediated cytolysis. In contrast, the adaptive (or 
sometimes called acquired) immune response develops in 
response to specific antigen, being “custom” designed for 
the antigen in question. It usually occurs later in the 
immune response, and has the ability to recall the response 
to past infections. Components of a functioning acquired 
immune response might involve antigen-presenting cells 
presenting antigen or T cells, the activation of specific 
T cells which would signal to B cells enlisting their engage-
ment in the response and the production of highly specific 
antibody capable of binding specific antigen. T and B lym-
phocytes are the major types of lymphocytes found in the 
human body, where they can constitute 20–40% of all white 
blood cells, with only about 2–3% being found in the periph-
eral circulation, the remainder being localized to various 
lymphoid organs (lymph nodes, spleen, submucosal tissue). 
Remarkably, the total mass of lymphocytes in the body can 
approximate the mass of the brain and liver.

As shown in Figure 1.1 [1], T lymphocytes arise from a 
bone marrow precursor, which undergoes maturation and 
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functional orientation in the thymus. Antigen-specific T 
cells mature in the thymic cortex, where the elements rec-
ognizing self-peptides and major histocompatibility anti-
gens expressed by cortical epithelial cells and thymic nurse 
cells are eliminated via apoptosis. Failure to eliminate 
those T cells recognizing self-peptides is thought to give 
rise to a host of autoimmune disorders.

Cortical thymocytes exhibit an immature T-cell pheno-
type and express a characteristic repertoire of proteins 
including TdT, CD1a, CD3, CD5, and CD7. CD3 is expressed 
in the cytoplasm until completion of T-cell receptor (TCR) 
gene rearrangement and is then exported to the cell mem-
brane. Cortical thymocytes are initially CD4/CD8 double 
negative.

Medullary thymocytes exhibit a phenotype similar to 
that of mature T cells of the peripheral lymphoid organs 
with segregation of CD4 and CD8 antigens. Based on the 
structure of the variable portion of the TCR, T cells have 
been divided into two classes, including alpha/beta and 
gamma/delta T cells. They are both associated with the 
CD3 complex, which contains gamma, delta, and epsilon 
chains. Gamma and delta T cells usually lack expression of 
CD4, CD8, and CD5, although a subpopulation can 
expresses CD8. They represent less than 5% of normal T 
lymphocytes and are primarily located in the splenic red 
pulp, intestinal epithelium, and other epithelial sites. They 
also have a restricted range of antigen recognition and take 
part in the innate immune reaction, serving as a first line of 
defense against bacterial peptides. They are often involved 
in responses to mycobacterial infections and in mucosal 

immunity. T lymphocytes of the adaptive immune system, 
which are heterogeneous and functionally complex, 
include naïve, effector (regulatory and cytotoxic), and 
memory T cells.

CD4+ T cells are primarily regulatory in nature. Based 
on their cytokine secretion profiles, they are divided into 
two major types: T helper (Th) 1 cells and Th2 cells. Th1 
cells secrete interleukin (IL) 2 and interferon gamma, 
while Th2 cells secrete IL4, IL5, IL6, and IL10. Th1 cells 
provide help mainly to other T cells and macrophages, 
whereas Th2 cells provide help mainly to B cells in anti-
body production. CD4+ T cells can both help and suppress 
immune responses and consist of multiple subpopulations. 
Recent studies have shown overexpression of the transcrip-
tion factors TBX21 (also known as T-bet) and GATA3 in 
Th1 and Th2 lymphocytes, respectively.

T regulatory (Treg) cells suppress immune responses to 
cancer and limit inflammatory responses in tissues. These 
CD4-positive cells, which are thought to play an important 
role in preventing autoimmunity, express a high density 
CD25 and the transcription factor FOXP3. Th17 lympho-
cytes correspond to a subset of CD4+ effector T cells, char-
acterized by expression of the IL17 family of cytokines, and 
play a role in immune-mediated inflammatory diseases 
and other conditions. Recently, there has been a rapidly 
evolving literature around a unique CD4+ T-cell subset 
that takes part in the natural functions of normal germinal 
centers. These cells, called T follicular helper (Tfh) cells, 
support B cells in the context of the germinal center reac-
tion. They reveal a distinctive phenotype with expression 
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Figure1.1 Schematic overview of T-cell ontogeny and differentiative trajectories. Source: Claudio Tripodo, Stefano Pilleri.  
(See colour plate section for colour representation of this figure)
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of the germinal center markers BCL6 and CD10 together 
with CD57, ICOS and CD279/PD1 and produce the 
chemokine CXCL13 as well as its receptor CXCR5. CXCL13 
causes proliferation of follicular dendritic cells and facili-
tates the migration of B and T lymphocytes expressing 
CXCR5 into the germinal center.

TheT-cellSystemas a Frame
for PeripheralT-cellLymphoma:
TakingPlasticityintoAccount

The mature T-cell system consists of different subsets of 
lymphoid T cells variably trafficking between peripheral 
blood, lymphoid, and peripheral tissues. These cells display 
diversified functional phenotypes, participating in immune 
responses as effectors or though the orchestration of other 
immune cellular and non-cellular contributors.

This gross distinction also implies that one major branch 
of the T-cell functional differentiation tree displays tran-
scriptional and synthetic machineries allowing cytotoxic 
effector functions, including for example EOMES transcrip-
tion factor expression, granzymes, perforins, and key proin-
flammatory cytokines such as TNFα and interferon gamma 
(IFN-γ). Another major branch is strictly bound, in its activ-
ity, to microenvironmental clues of the immune contexture.

In this regard, the described differentiated phenotypes of 
CD4+ Th-cell subsets are known to include Th1 and Th2 
clusters identified by the activity of T-bet and GATA3 tran-
scription factors [2]; the Th17 and Th22 clusters driven by 
RORC1 transcriptional regulation  [3, 4]; the FOXO1 and 
interferon regulatory factor 4 (IRF4) controlled Th9 clus-
ter [5]; the Tfh cluster, which is dependent upon BCL6 and 
TOX2 activity [6], and the regulatory T-cell cluster associ-
ated with FOXP3 [7]. This repertoire of discrete and differ-
entiated cells imparts a considerable degree of plasticity to 
the immune system, enabling it to respond potently with 
high selectivity.

Th subsets of CD4 positive cells are defined by the activ-
ity of selected transcription factors, including diversified 
signal transducers and activators of transcription (STAT) 
family members, whose signaling and preferential synthe-
sis of specific cytokines, may respond to polarizing stimuli 
from the surrounding environment by reshaping their phe-
notypic differentiation, eventually undergoing conversion 
to a different functional subset  [8, 9]. Specific cytokines 
that characterize most of the pathogen-associated or sterile 
inflammatory responses, such as IL6, TNFα, and IL12 may 
drive Th cell polarization toward Th1 (STAT4-dominant), 
Tfh, Th17, or Th22 fates (all three STAT3-dominant), 
according to their relative abundance and association with 

other regulatory cytokines such as IL1b, IL21, and IL23 [8]. 
Similarly, the pleiotropic cytokine transforming growth 
factor beta is involved in the induction and/or conversion 
of Treg (STAT5-dominant), Th2 and Th9 (both STAT6-
dominant) in combination with other polarizing cytokines 
such as IL2 and IL4 [8].

With this background, the predominant functional polari-
zation of T cells within a specific immune context is fated to 
change according to the timing of the response and to the 
establishment of different immune/stroma interfaces. In this 
setting, a notable example is represented by the induction of 
tertiary lymphoid structures in tissues of patients with auto-
immune diseases or cancer. In this context, the polarization 
of programmed cell death 1 receptor-positive (PD1+) Tfh 
cells from adaptive or tissue-resident innate-like T cells [10] 
is entwined with the formation of a follicular dendritic cell 
network from vessel-associated mesenchymal stromal cells 
(Figure 1.2) [11]. This process leads to the establishment of a 
specialized stroma-T-cell interface that may be either aber-
rantly expanded or variably disrupted in different lymphoma 
subtypes related to the germinal center, such as is seen with 
angioimmunoblastic T-cell lymphoma [12], and the follicular 
lymphomas [13], respectively.

Besides primary polarization and conversion dictated by 
the cytokine milieu and stromal micro niches, an emerging 
role for TCR specificity in determining fate specification of 
tissue-resident T cells at sites of persistent antigenic chal-
lenge, such as the intestinal lamina propria, is emerging [14]. 
Clonal TCR rearrangements of peripheral FOXP3+ Treg 
(pTreg) promote the generation of distinct pTreg CD4 
intraepithelial T-cell phenotypes, which show comparable 
dependence on microbiota-derived antigenic stimuli and dif-
ferent reliance on intraclonal competition. Intraclonal com-
petition driven by TCR-antigen signaling is a limiting factor 
in natural and pTreg development, with low clonal precursor 
frequencies being required for their generation [15].

The specific issue of intraclonal competition and “small 
niche” requirement as a potential determinant of T-cell 
subclones’ fate specification in the presence of self- and/or 
microbiota-derived antigenic represents a still unchal-
lenged level of complexity in peripheral T-cell lymphoma 
(PTCL) research. In this regard, single-cell RNA sequenc-
ing (Sc-RNA-seq) provides a dramatically higher level of 
resolution of the developmental and functional heteroge-
neity of T-cell subsets, which is applicable to the PTCL 
setting.

Sc-RNA-seq has provided reference maps for circulating 
and tissue-based T cells and their functional hierar-
chies  [16]. Among relevant transcriptional differences 
between peripheral blood and tissue-based T cells, cytoskel-
eton, cell–matrix interaction, and cell proliferation mod-
ules have emerged, underscoring the transcriptional 
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imprint of tissue microenvironment. This information 
must be considered in the interpretation of gene expres-
sion profiling studies on PTCL, which have mostly relied 
on the differential comparison with normal T-cell subsets 
from peripheral blood and/or cell lines.

Moreover, at the Sc-RNA-seq level, a clear dichotomy in 
the CD8+ effector T-cell cluster emerges as conserved 
across tissue sites, based on the predominance of cytotoxic-
ity-related genes or cytokine and chemokine genes [16].

Tissue-conserved Sc-RNA-seq transcriptional clustering 
also identifies distinct Treg, CD4+ naïve/central memory 
resting and CD4+/CD8+ resting clusters, IFN response, 
and proliferation gene clusters characterizing different 
CD4+ T-cell activation states [16]. Interestingly, hallmarks 
of such transcriptional modules feature the concomitant 
expression of genes coding for transcription factors 
involved in divergent-fate specifications (e.g. FOXP3, IRF4, 
and TOX2), highlighting the dynamical regulation of pro-
miscuous transcription factors [17, 18]. Again, this concept 
may represent a relevant note of caution in the interpreta-
tion of transcription factor expression data in PTCL clonal 

populations as hallmarks of stable clone differentiative/
phenotypic states.

The expression and activity of specific transcription fac-
tors involved in fate specification, such as T-bet and IRF4, 
is bound to that of the pleiotropic transcription factor MYC 
in enabling TCR-driven immune function through the reg-
ulation of T-cell proteomic and metabolic landscape [19]. 
MYC proficiency has been demonstrated to be required for 
adapting protein expression to TCR engagement in CD4+ 
and CD8+ cells. Through the regulation of amino acid 
transporter expression, MYC impacts on translational 
activity and on the associated increase of effector T-cell 
biomass (Figure  1.3)  [19], which relates with the higher 
Myc expression levels in CD8+ T cells.

Moreover, upon T-cell activation, MYC controls lactate 
transporter expression, regulating the feedback on glyco-
lytic flux fueling T-cell synthetic programs and prolifera-
tive attitude  [19]. In PTCL-NOS not otherwise specified, 
overexpression of MYC and its transcriptional targets 
involved in cell proliferation has been implicated in the 
worse prognosis of GATA3-positive cases [20]. Nevertheless, 

PD1 NGFR

CD23CD146

Figure1.2 Representative immunohistochemical staining for PD1 (upper left) and NGFR/CD271 (upper right) highlighting the 
presence of PD1+ T follicular helper cells and of a formed meshwork of follicular dendritic cells within a tertiary lymphoid follicle in a 
case of non-small-cell lung carcinoma. Immunohistochemical staining for CD146 (lower left) and CD23 (lower right) highlighting the 
early branching of perivascular CD146+ mesenchymal elements that partially display CD23 expression as a marker of follicular 
dendritic cell differentiation in the same non-small-cell lung carcinoma. Source: Claudio Tripodo, Stefano Pilleri. (See colour plate 
section for colour representation of this figure)
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in the light of the profound effects on the metabolic adap-
tation to TCR sensing, MYC may represent an underrated 
determinant of inter/intraclonal competition [21] underly-
ing PTCL progression.

This introductory chapter provides an updated view of 
the mature T-cell constellation, in a less static view, as com-
pared with canonical ontogeny-focused outlines, providing 
information on the biological foundations of functional 

plasticity, phenotypical heterogeneity, and transcriptional 
dynamics that are recapitulated and magnified in periph-
eral T-cell malignancies. It is imperative to recognize that 
the diversity, and complex function of normal T cells, is 
central to appreciating the many histologic and genetic 
subtypes of PTCL, and may aid in explaining the diverse 
behavior and presentation of these challenging and hetero-
geneous diseases.
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