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Large granular lymphocytes (LGL) are lymphoid cells characterized by either a T-cell or a
natural killer phenotype whose expansion may be reactive to toxic, infectious, and
neoplastic conditions, or result from clonal selection. Recently, the higher attention to
LGL clones led to their detection in many clinical conditions including myeloid neoplasms
and bone marrow failures. In these contexts, it is still unclear whether LGL cells actively
contribute to anti-stem cell autoimmunity or are only a reaction to dysplastic/leukemic
myelopoiesis. Moreover, some evidence exists about a common clonal origin of LGL and
myeloid clones, including the detection of STAT3 mutations, typical of LGL, in myeloid
precursors from myelodysplastic patients. In this article we reviewed available literature
regarding the association of LGL clones with myeloid neoplasms (myelodysplastic
syndromes, myeloproliferative neoplasms, and acute myeloid leukemias) and bone
marrow failures (aplastic anemia and pure red cell aplasia, PRCA) focusing on evidence
of pathogenic, clinical, and prognostic relevance. It emerged that LGL clones may be
found in up to one third of patients, particularly those with PRCA, and are associated with
a more cytopenic phenotype and good response to immunosuppression. Pathogenically,
LGL clones seem to expand after myeloid therapies, whilst immunosuppression leading to
LGL depletion may favor leukemic escape and thus requires caution.

Keywords: large granular lymphocyte, myelodysplastic syndromes, acute myeloid leukemia, myeloproliferative
neoplasm, aplastic anemia
INTRODUCTION

Large granular lymphocytes (LGL) are lymphoid cells characterized by either a T-cell or a natural
killer (NK) phenotype that physiologically participate in innate immunity and immunosurveillance.
Their expansion may be a response to toxic, infectious, and neoplastic conditions, or result from
clonal selection (1). The latter may rarely lead to the development of a lymphoproliferative disorder,
namely a T-cell or NK lymphoma with variable aggressiveness. Beyond overt lymphoproliferative
disease, the increasing awareness about LGL cells and their phenotype led to the discovery of many
clinical associations including idiopathic cytopenias and hematologic malignancies (2, 3).
October 2021 | Volume 11 | Article 7486101

https://www.frontiersin.org/articles/10.3389/fonc.2021.748610/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.748610/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.748610/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.748610/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:bruno.fattizzo@unimi.it
https://doi.org/10.3389/fonc.2021.748610
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.748610
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.748610&domain=pdf&date_stamp=2021-10-01


Fattizzo et al. LGL Expansion in Myeloid Diseases
The former are part of a spectrum ranging from peripheral
autoantibody mediated cytopenias (autoimmune hemolytic
anemia, immune thrombocytopenia, and autoimmune
neutropenia) to bone marrow failures (aplastic anemia, AA,
and low risk myelodysplastic syndromes) characterized by
central immune attack towards stem cells (2). In this context it
is still unclear whether LGL cells actively contribute to anti-stem
cell autoimmunity or are only part of the proinflammatory
microenvironment. Regarding hematologic malignancies, LGL
clones have been recently detected in myeloid neoplasms such as
myeloproliferative neoplasms and acute myeloid leukemia (1, 2).
Whether LGL expansion is only a reactive phenomenon or has a
common clonal origin with the myeloid clone is object of open
investigation. In this review we collect more recent literature
about the association of LGL with myeloid neoplasms and bone
marrow failures focusing on evidence of pathogenic, clinical, and
prognostic relevance.
DEFINITION AND DETECTION
OF LGL CLONES

Morphologically, LGL are more than twice the diameter of
erythrocytes, and are characterized by mature chromatin,
excessive cytoplasm, with or sometimes without prominent
cytoplasmic granules. Normally, LGLs comprise 10 to 15% of
blood mononuclear cells which may be either surface CD3+ (T-
cell) or surface CD3– (NK cell). Most normal LGLs in the
peripheral blood are NK cells, whilst some are T lymphocytes
(2). As mentioned before, LGLs may configure heterogeneous
disorders comprising non-clonal reactive processes, indolent
clonal proliferative disorders and highly aggressive neoplasms.
World Health Organization (WHO) divides clonal LGL
expansions into three disorders: T-cell LGL leukemia (T-
LGLL), chronic lymphoproliferative disorders of NK cells
(CLPD-NK), and aggressive NK-cell leukemia (ANKL) which
is associated with Epstein-Barr virus (EBV) infection of the
neoplastic NK cells. In contrast to ANKL, both T-LGLL and
CLPD-NK are clinically indolent and have a low risk of
transformation into an aggressive malignancy (4). In the last
decade, European and US Registry are actively studying LGL
leukemias and accumulating evidence on clinical features and
outcome. Overall, incidence of LGL leukemia is reported as 0.2-
0.72 per million persons per year, with no gender effect, and
more than 85% of cases are the T-LGL subtype. Median age at
diagnosis is 60 years and the disease is only rarely observed in the
infancy (5–7).

Flow cytometry is the gold standard for LGLs detection and is
usually based on the expression of NK-associated markers CD16
and CD57. CD56 is another marker, constitutively expressed by
circulating normal NK cells and usually downregulated in
CLPD-NK; its expression in T-LGLL may be associated with a
less-favorable prognosis (2, 3). T-LGLs usually express CD3+,
TCR ab+, CD4−, CD5dim, CD8+, CD16+, CD27−, CD28−,
CD45R0−, CD45RA+, and CD57+ phenotype, representing a
constitutively activated phenotype. Less commonly, T-LGLs
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mount CD4 with variable expression of CD8. The rare CD3+/
CD56+ T-LGL leukemias may show higher clinical
aggressiveness. T-LGL usually harbor the T-cell receptor
(TCR) ab+ heterodimer, rarely gd TCR heterodimer. NK-LGLs
are characterized by CD2+/sCD3-/CD3e+/TCRab-/CD4-/
CD8+/CD16+/CD56+ phenotype. Evidence of T-LGL clonality
is assessed using TCRg-polymerase chain reaction analyses
(PCR) and deep sequencing of TCR has demonstrated a
restricted diversity of TCR repertoire. Vb TCR gene repertoire
analysis can also be ascertained using flow cytometry, although
this is not routinely performed (8). NK-LGLs do not express
TCR so it is difficult to assess their clonality. However, they often
show abnormal killer immunoglobulin-like receptor (KIR)
expression with complete absence of surface KIR or restricted
expression. Restricted KIR expression is often seen in both in
T- and NK-LGL leukemia (2).

Regarding other markers, LGL leukemia patients show
increased serum levels of interferon-g 2, monocyte
chemoattractant protein-1 (attractive factor for monocytes, T,
and NK cells to sites of inflammation), epidermal growth factor,
and various interleukins (IL) including IL-6, IL-8, and IL-18.
Rheumatoid factor and antinuclear antibody are detected in 60%
and 40% of patients, respectively (2). Serum protein electrophoresis
usually shows polyclonal hypergammaglobulinemia. Defects in
downregulation of Ig secretion in LGL leukemia could explain
part of association with autoantibodies malignancies (3).
PATHOGENESIS OF LGL EXPANSION

From a pathogenic perspective, it is generally thought that normal
LGLs acquire a defect of apoptosis that leads to their
accumulation. An interesting explanation for this phenomenon
is the expansion of an oligoclonal LGL population under chronic
stimulation from an unknown antigen. LGL cells may then
acquire a molecular lesion promoting monoclonal proliferation,
and release cytokines and toxic granules that contribute to bone
marrow failure (2). Concerning apoptosis, LGL cells strongly
express Fas (CD95) and Fas-ligand (Fas-L) (CD178). Moreover,
RAS and ERK constitutive activation and G12 KRAS mutation are
often found in NK-LGL leukemia, and their blockade may restore
Fas sensitivity in leukemic LGLs. Although not routinely
performed, increased soluble Fas-L is a good surrogate marker
of LGL leukemia (9). From a cytogenetic point of view, karyotype
is normal in most cases. Recurrent somatic mutations in the Src
homology 2 (SH2) domain of the signal transducer and activator
of transcription 3 (STAT3) gene have been found in 27-40% of
patients with T-LGL leukemia and 30% of patients with CLPD-
NK. These mutations lead to constitutive activation of STAT3,
with consequent dysregulation of genes downstream of STAT3
(10). Once dimerized, STAT3 shuttles from the cytoplasm to the
nucleus, where it ultimately binds to DNA, mediating growth and
survival. Disease manifestations such as cytopenias and
autoimmune diseases may result from the production of
proinflammatory cytokines mediated by STAT3 hyperactivation,
as well as from a direct attack on bone marrow by the STAT3-
activated LGL (11–13).
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Another relevant member of STAT protein family is STAT5b
which has been reported to carry gain-of-function mutations in
15–55% of CD4+ T-LGLL, and in 19% of TCRgd LGLL (14, 15).
STAT5b N642H has been identified as an oncogenic driver in
innate-like lymphocytes, and a mouse model expressing human
N642H mutated STAT5b developed severe CD8+ T-cell
neoplasia. IL-15 is an upstream factor of STAT5b and seems
crucial for neoplastic transformation. In fact, IL-15 transgenic
mice developed the aggressive variant of T or NK cell leukemia
(15). The requirement of additional cytokine signals on STAT5b
genetic lesions to lead neoplastic evolution suggests the
importance of the immunological microenvironment. STAT3
and STAT5b mutations have been included in the 2017 WHO
classification of LGLL and STAT5b mutation is associated with a
more aggressive clinical course (16). Another gene recurrently
mutated in LGLL is TNFa-induced protein 3 (TNFAIP3), a
tumor suppressor encoding A20, a negative regulator of nuclear
factor kappa B (NFkB) (17). Other genes occasionally mutated in
T-LGLL, mainly linked to STAT3 signaling pathway and
cytotoxic T lymphocyte activation, are PTPRT, BCL11B,
PTPN14, PTPN23 (15). Moreover, it has been shown that
patients lacking STAT mutations may harbor other lesions
involving genes connecting STAT with Ras/MAPK/ERK and
IL-15 signaling, such as FLT3, ANGPT2, KDR/VEGFR2, and
CD40LG (18). Finally, whole exome sequencing (WES) on 3
STAT-mutation negative CLPD-NK patients found somatic
mutations including KRAS, PTK2, NOTCH2, CDC25B,
HRASLS, RAB12, PTPRT, and LRBA (15). Altogether, these
data shows that LGL clonal selection and expansion result from a
complex interplay among genetic and environmental factors that
may be heterogeneously combined.
LGL CLONES REACTIVE TO
AUTOIMMUNE, INFECTIOUS, AND
OTHER CONDITIONS

LGL clones can be identified in different conditions such as
autoimmune diseases, infections, and transplant, likely
representing an unbalanced response to systemic infections
and/or immune deregulation. It is difficult to differentiate
primary LGL leukemia from reactive LGL expansions. Flow
cytometry patterns, together with the molecular lesions, are
important tools to assess “quantity and quality” of LGL
populations and establish clonality.

Autoimmune Diseases
Concerning LGL in the context of autoimmune diseases,
rheumatoid arthritis is the most common association, being
present in up to 18% of patients with LGL expansion (19). This
association may be difficult to distinguish from Felty syndrome
(FS) that is characterized by chronic arthritis, splenomegaly, and
neutropenia, in the setting of longstanding seropositive
rheumatoid arthritis. Clonal proliferations of LGLs have been
observed in patients with FS, and it has been proposed that these
patients may in fact have T-LGLL (20). Clonality tests may be
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useful, although the patient is generally managed according to the
prevailing phenotype (autoimmune versus proliferative). Systemic
lupus erythematosus, Sjogren syndrome, autoimmune thyroiditis,
autoimmune coagulopathies, vasculitis with cryoglobulinemia,
and inclusion body myositis have also been reported as
associated with LGLs (2, 19, 21). Overall, autoimmune diseases
should be taken into account in the workup of patients with LGL
expansion and vice versa.

Infections
Infections, particularly viral and chronic ones, represent a
persistent trigger stimulating lymphocytes with the possible
development of lymphoproliferative disorders (22). Cases of
LGL expansion secondary to Epstein Bar virus (EBV),
cytomegalovirus (CMV), Hepatitis B virus (HBV), Hepatitis C
virus (HCV), and Human immunodeficiency virus (HIV) have
been reported (2). Moreover, some case reports described
untreated strongyloidiasis as cause of chronic inflammation
and consequent LGL expansion (23). History of infection and
serology for hepatitis and herpetic viruses and HIV have to be
investigated when approaching patients with LGL expansion and
lymphoproliferative disorders in general.

Transplant
LGL clones may also arise after both solid and hematopoietic stem
cell transplant (HSCT) (24, 25). These procedures induce an
immunological storm encompassing the host and the donor
immune system. Moreover, the occurrence of viral infections
(CMV, EBV, etc.) and the immunosuppressive drugs
administered may favor autoimmunity (26). In the case of
HSCT, the graft shows immune competence and may mount a
response against persistent self-antigens. Graft versus host disease
(GVHD) is a typical manifestation, and other autoimmune
conditions may develop during immune reconstitution. It has
been reported that up to 20% patients show increased LGLs after
HSCT, with a median onset of 312 days from transplant, and CMV
reactivation and acute GVHD as prominent risk factors (24, 26).
Post-transplant LGL expansion, although mainly chronic and
indolent, deserves proper investigation in patients with new-
onset persistent cytopenia following transplant, since may
require adjustment of ongoing immunosuppressive therapy.

Other Associations
LGL clones are not only associated to autoimmunity but even to
immunodeficiency. Although pediatric cases of LGL disorders are
rare, a phenotypic overlap may occur with primary
immunodeficiencies characterized by increased susceptibility to
infections, autoimmunity, and development of lymphoproliferative
disorders. Interestingly, LGL clones have been reported in patients
with adenosine deaminase 2 deficiency (27). Their presence was
related with an activation of phosphatidylinositol-3-phosphate
kinase pathway, whose disruption has been implied in the
apoptosis imbalance typical of LGL.

Many drugs induce immune/inflammatory perturbations and
LGL expansion after the tyrosine kinase inhibitor (TKI) dasatinib
(a drug used in chronic myeloid leukemia and Philadelphia
positive acute lymphoblastic leukemia) has been reported.
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Although most LGL clones developing upon dasatinib treatment
are asymptomatic, some cases of fever, colitis, and pleural effusions
have been reported, suggesting an aberrant immune response (28).
Finally, LGLs have been reported after solid tumors and
hematologic diseases, particularly myeloid malignancies and bone
marrow failure syndromes, as discussed thereafter, and may be
associatedwith autoimmune/autoinflammatory phenomenonsuch
as livedoid vasculopathy, urticarial vasculitis, or complex recurrent
aphthous stomatitis in these patients (2).
LGL EXPANSION IN
MYELODYSPLASTIC SYNDROMES

Various evidence exists about LGLs expansion in patients with
myelodysplastic syndromes (MDS). Some studies only reported
the prevalence of LGLs clones in patients affected by MDS
without the development of an overt lymphoproliferative
syndrome, whilst other also described a “true” LGL chronic
expansion in these subjects (13, 29–33). These findings are
summarized in Table 1. The prevalence of LGL clones in MDS
was highly variable across studies and ranged from 1.4% to 49%.
Conversely, in a study by Huh et al., 9 out of 28 patients with T-
LGLL also had MDS, and all of them had monoclonal TCR gene
rearrangement. Clinically, LGL clones were associated with more
marked cytopenias, mainly anemia and thrombocytopenia (30).
In particular, patients with T-LGLL/MDS showed lower median
hemoglobin and lymphocyte counts when compared with the
subgroup affected by T-LGLL alone, whilst platelets levels and
neutrophil count were similar (33). Contrarily, in another case
series, 9 patients with LGL expansion/MDS from a group of 100
cytopenic subjects showed no significant differences in the grade
of cytopenia as compared to patients with MDS or T-LGLL alone
(29). These features are consistent with the variable and
multifaceted factors contributing to cytopenias in subjects with
Frontiers in Oncology | www.frontiersin.org 4
MDS. In fact, MDS patients are usually elderly, with reduced
stem cell reserve, and with pro-inflammatory and pro-apoptotic
bone marrow milieu as compared to T-LGLL patients. On the
other hand, the presence of a T-LGL infiltrate may contribute to
the immune imbalance typical of MDS pathogenesis. In this
view, various studies reported the pathogenic role of LGL clones
in bone marrow failures and also showed the possibility of a
common origin of the two clones. In particular, Durrani et al.
analyzed 240 patients with LGL leukemia and found that 5.4% of
them was affected by MDS (11/13 with TCR gene
rearrangement) (33). They showed that somatic STAT3/STAT5
mutations can be found in up to 15% of LGLL/MDS patients
versus 39% of those with LGL clones only. More recently,
STAT3-mutated clones were reported in up to 37.5% patients
with MDS harboring LGL clones and in 2.5% of MDS alone (13).
The detection of LGL-related mutations in MDS cases supports a
common pathogenic origin of the two conditions. Interestingly,
constitutive STAT5 activation is observed in various myeloid
diseases, including chronic myeloid leukemia and JAK2 mutated
myeloproliferative syndromes. In fact, JAK/STAT pathway is
downstream of many growth factor receptors including those of
erythropoietin and thrombopoietin. STAT5b mutations have
been associated with more aggressive LGLL phenotype, and
recent evidence suggests their unique distribution in T-LGL
cells of advanced myeloid neoplasms (35). In another study
including 1177 patients with MDS, a LGL clone was found in 322
subjects (27%), and LGL leukemia in 36 (2%). They observed that
mutations in certain genes associated with myeloid disorders
(e.g., TET2, SF3B1 and ASXL1) had same frequencies in LGL/
MDS and MDS alone, whilst U2AF1 mutations were more
common among the former (32). Very recently, STAT3 and
TET2 mutations were found in 27% and 34% of patients with
CLPD-NK, respectively. TET2-mutated CLPD-NK was
preferentially associated with MDS, and whole-exome
sequencing of sorted cells found that TET2 mutations were
TABLE 1 | Large granular lymphocytes in myelodysplastic syndromes.

Study Type Relevance Main Findings Ref.

Clinical study Clinical and therapeutic 11.8% of patients with MDS showed LGL/MDS association and had lower LGL
counts and lower response rate to immunosuppression compared to patients
with T-LGLL alone.

29
76 MDS, 15 T-LGLL, 9 T-LGLL/MDS.

Case series Clinical Patients with T-LGLL/MDS showed lower median Hb level and lymphocytes
compared with patients with T-LGL alone.

30
28 T-LGLL patients, 9 had MDS (32%)
Clinical study Pathogenic Somatic STAT3 mutations may be found in 2.5% of patients affected by MDS,

the frequency reaches 37.5% in patients with MDS/LGLL association.
13

367 MDS, 24 with LGL clones (9,2%).
Clinical study Clinical and prognostic 85% of LGL/MDS had a TCR gene beta or/and gamma rearrangement by PCR

and mainly showed bone marrow hypocellularity. LGL/MDS had similar OS as
MDS alone.

31
71 MDS, 35 with MDS/LGL (49%)

Clinical study
1177 MDS, 322 with LGL clonal expansion (27%)

Pathogenetic/Prognostic LGL clonal expansion was associated with similar survival and frequency of
AML evolution.

32

TET2, SF3B1 and ASXL1 were the most frequently mutated genes among both
groups. U2AF1 mutations more common among LGL/MDS than MDS alone.

Clinical study Pathogenic and clinical 5.4% of patients with LGLL had concomitant MDS and were more
thrombocytopenic. 15% showed somatic mutations of STAT3/STAT5 versus
39% with LGLL only.

33
240 LGLL, 13/240 (5.4%) had also MDS

Clinical study Pathogenic LGLL/MDS patients were characterized by lower Hb levels and erythroid
dysplasia and mostly showed mutations in ASXL1 (30%) and STAG2 (30%).

34
721 MDS, 10 (1.38%) with LGLL
October 2021 | Volume 11 | Article 74
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shared by myeloid and NK cells indicating that they occurred in
early hematopoietic progenitors (36).

From a therapeutic point of view, in the large study by Komrokij
et al.MDSpatients harboring an LGL clone showed a lower response
rate to immunosuppression with anti-thymocyte globulin and
cyclosporine as compared to the MDS group (28% vs 41%), whilst
nodifferencewasobserved regardinghypomethylating anderythroid
stimulatingagents (32).Thisfindingwas also confirmedbyadifferent
group that showed LGLL/MDS subjects had lower responses to
immunosuppression compared to those with T-LGLL alone,
possibly due to older age and likely decreased stem cell reserve in
those with LGLL/MDS (29). Additionally, it may be speculated that
inhibiting two clones may be harder than targeting a single one.
Finally, Olson et al. showed that patients with CLPD-NK harboring
TET2mutationshowprominent thrombocytopeniaandresistance to
immunosuppressive treatments (37).

From a prognostic perspective, the presence of an LGL clone did
not seem to impact MDS outcome. A study including 71 MDS
patients, 49% of whom harbored a T-LGL expansion, did not find
substantial differences inOS between the two groups (83months in
the LGL/MDSgroup versus 65months in theMDSone) (31).These
data were more recently confirmed by Komrokji et al., who found
similar median OS (24 months vs 27 months) and acute myeloid
leukemia (AML) transformation rates (19% in both groups) among
patients affected by MDS and LGL/MDS (32).

Concerning overt LGL lymphoproliferative diseases, 3 studies
described an association with MDS (30, 33, 34). In particular, Ai
et al. evaluated 721 patients with MDS and identified 7 T-LGLL,
2 mixed-phenotype LGLL, and 1 CLPD-NK, resulting in a
prevalence of 1.38%. Lower hemoglobin levels, neutropenia
and thrombocytopenia were a common finding, as well as a
higher frequency of erythroid dysplasia in patients with MDS/
LGLL. This condition was mostly associated with mutations in
ASXL1 (30%) and STAG2 (30%) genes, and TCR gene
rearrangement was present in 9/10 patients (34).
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On the whole, LGL expansion may be found in more than 1/3
of MDS patients, is associated with a more cytopenic phenotype,
and does not seem to markedly impact on outcome. LGL/MDS
cases responded worse to immunosuppression as compared to
MDS or LGL alone, so that the same approach as for primary
disease is suggested. Conversely, overt LGLL and MDS are
rarely associated.
LGL EXPANSION IN OTHER
MYELOID NEOPLASMS

LGL clones have been also described in myeloproliferative
neoplasms (MPN) and AML, even though this association is
rarer (Table 2). There are case reports describing the association
of LGL clones with AML, acute promyelocytic leukemia (APL),
essential thrombocythemia, chronic myeloid leukemia (CML),
and chronic myelomonocytic leukemia (38–44). Again, a
hallmark of this association is cytopenia. For instance, Reda
et al. reported a case of an association between T-LGLL and
APL in the same patient, who initially presented with prolonged
neutropenia, due to different causes (autoimmunity, APL and LGL
expansion). After the APL diagnosis, induction chemotherapy was
started, leading to a complete response. Despite chemotherapy,
LGLL clone continued to increase, possibly due to a growing
advantage after leukemic depletion. Interestingly, severe
neutropenia persisted and also interfered with chemotherapy
maintenance (44). Finally, even for LGL/AML, it has been
speculated that the two clones may origin from the same
progenitor (38) and this association did not lead to a worse
prognosis. In another experience, Costello et al. reported a 60-
year-old man diagnosed with AML, treated with chemotherapy
and hematopoietic stem cell transplant with response. Thereafter,
the patient developed an LGL expansion requiring therapy with
low-dose modified mini-CHOP and methotrexate. Later, AML
TABLE 2 | Large granular lymphocytes in acute myeloid leukemia and myeloproliferative neoplasms.

Study Type Relevance Main Findings Ref.

Case report (1 MPN, 1 MDS, 1
HCL)

Pathogenic
and
prognostic

Clinically, the concomitant existence of LGL proliferation and other leukemia doesn’t seem to be responsible
for a worse prognosis on patients.

38

Case report Pathogenic LGLs have a significant spontaneous cytotoxicity against autologous leukemia and hematopoietic cells. 39
Case report Clinical First reported case of concomitant presentation of T-LGLL with acute myeloid leukemia in an eldery patient

who was treated with combination AML chemotherapy and remained alive and well seven months after initial
diagnosis.

40

Clinical study Pathogenic In the subgroup of patients on dasatinib, clonal lymphocytes increased, both CD8+ cytotoxic cells and NK-
and gamma/delta T-cell fractions. These clones may help in the elimination of the residual CML cells.

41
46 CML patients (20 on dasatinib,
14 on imatinib, 12 healthy
volunteers
Case report Pathogenic A patient with essential thrombocythemia treated with hydroxyurea. developed a clonal proliferation of

cytotoxic T-cells with consequent BM failure
42

Case report Pathogenic Concomitant existence of CMML and T-LGL clone may be due to a common pathogenic pathway, linked to
immune-dysregulation mediated by expanded cytotoxic T-cells clones.

43

Case report Clinical In a patient affected by acute promyelocytic leukemia and concomitant LGL, LGL clones continued to
increase despite leukemia chemotherapy. Leukemia treatment may have given a growing advantage to clone
expansion of LGL cells.

44
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relapsed, and the patient died (39). Finally, Malani et al. reported a
case of concomitant presentation of T-LGLL with AML in an
elderly patient who was treated with combination chemotherapy
with good outcome (40). Overall, these experiences suggest a
relationship among LGL and AML clones: chemotherapy-
induced leukemia depletion leads to LGL expansion, whilst
immunosuppression reduces immunosurveillance and favors
leukemic escape.

Regarding myeloproliferative diseases, treatment with
dasatinib for CML has been associated with an increase in
clonal T-/NK-LGL. Kretuzman et al. observed 34 CML patients
on treatment with either dasatinib (N=20) or imatinib (N=14):
83% had clonal BCR/ABL-negative lymphocytes (mostly with
TCR rearrangement) and this percentage increased during
tyrosine kinase therapy with dasatinib but not with imatinib.
The Authors speculated that these clones may inhibit the
proliferation of residual CML cells and facilitate remission (41).
Selvan et al. described a patient with essential thrombocythemia
treated with hydroxyurea who eventually developed a clonal
proliferation of cytotoxic T-cells and consequent BM failure
(42). Finally, concomitant existence of CMML and T-LGLL
clone has also been reported with no therapeutic insights (43).
Frontiers in Oncology | www.frontiersin.org 6
LGL EXPANSION IN APLASTIC ANEMIA

Many Authors described the association of LGL clones with AA
and pure red cell aplasia (PRCA), as summarized in Table 3.
Some case reports addressed the clinical association only, whilst
others speculated about the pathogenic implications. For
instance, Handgretinger et al. reported a case of PRCA
associated with clonal expansion of T-LGLs of gd-type. They
commented that LGL cells were able to selectively destroy
erythroid progenitors that lack HLA class I expression and are
unable to inhibit TCR/KIR activation. LGLs contribute to
cytopenia by direct toxicity (Fas-FasL interaction) and cytokine
production (46). Consistently, Saitoh et al. described polyclonal
T-LGLs along with high serum-soluble FasL in a patient who
developed severe AA 10 years after Hodgkin lymphoma
remission. The patient responded to steroids and cyclosporine,
but HL relapsed leading to death. As already discussed for AML,
this data indicate that LGL depletion might have impaired
immunosurveillance on HL clone (50). More recently, Li et al.
analyzed the quantitative and functional changes of CD56bright
NK cells in peripheral blood of patients with moderate AA. They
found that CD56bright NK were higher than in normal controls,
TABLE 3 | Large granular lymphocytes in aplastic anemia and pure red cell anemia.

Study Type Relevance Main Findings Ref.

Case series Therapeutic One patient had PRCA and obtained response with immunosuppressive therapy. 45
10 NK-LGL, 1 PRCA 45
Case series Therapeutic PRCA/T-LGLL association predicts superior response to immunosuppressive therapy, but is not correlated with

improved survival.
45

47 PRCA, 9 T-LGLL
Case report Pathogenic A case of PRCA with clonal expansion of T-LGLs of g d-type in which the malignant LGLs were shown to carry

functional inhibitory MHC class I receptors.
46

Case series Clinical AA can be a presenting manifestation of T-LGLL, and T-LGLL should be considered in the differential diagnosis of
acquired aplastic anemia.

47
9 AA/LGL
Case series Pathogenic 14% had pancytopenia at presentation and some fit the diagnostic criteria for AA. 48
203 T-LGLL patients Therapeutic LGLL-associated PRCA was observed in 7% of cases and effectively treated with immunosuppression.
Case report Therapeutic T-LGLs of g d-type of pure red cell aplasia with low-dose alemtuzumab in a patient with T-LGLs of g d-type refractory

to cyclosporine and methotrexate
49

Case report Pathogenic This case shows a rare instance of a patient who had aplastic anemia associated to polyclonal LGL as the first
manifestation of a relapse of Hodgkin lymphoma.

50

Case series Therapeutic LGLL with pure red cell aplasia responded well to continuous treatment with cyclophosphamide or cyclosporine A. 51
14 LGLL/PRCA
Case series Pathogenic STAT3 clones can be found in 7% AA and 2.5% MDS and are associated with better responses to

immunosuppressive therapy and with HLA-DR15.
13

367 MDS, 140 AA Clinical
Therapeutic

Case series Pathogenic PRCA associated with LGL frequently displays STAT3 mutations. 12
42 T-LGLL, 19 with PRCA
(45%), 11
CLPD-NK, 3 PRCA (27%)
Case series Therapeutic PRCA/LGLL was associated with response to methotrexate. Response was shorter in patients with STAT-3

mutation.
10

36 LGLL, 18 PRCA (50%)
Case series Pathogenic the proportions of NK and T-LGL in the hypoplastic-MDS group were higher than those in the AA group. 52
41 AA, 46 hypoplastic-MDS
Case series Pathogenic STAT3 mutations in 18 of 42 PRCA patients (43%) with or without T-LGLL. 11
54 AA, 21 MDS, 7 PNH,
and 42 PRCA

STAT3-mutated CD81 T cells may be closely involved in the selective inhibition of erythroid progenitors in PRCA
patients.

Case series Pathogenic CD56bright NK cells in newly diagnosed AA patients was higher than in normal controls 53
50 AA
Case series Pathogenic Somatic mutations in T cells, particularly JAK-STAT and MAPK are frequent in AA patients and may have a

pathogenic role.
54

24 AA
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LGL, large granular lymphocytes; AA, aplastic anemia; PRCA, pure red cell anemia; T-LGLL, T cell large granular lymphocyte leukemia; NK, natural killer cells; BM, bone marrow.
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and displayed higher expression of NKG2D and CD158a, likely
contributing to disease pathogenesis (53). Zhang et al. compared
T lymphocyte subsets in AA and hypoplastic MDS (hypo-MDS)
and showed that the proportions of NK- and T-LGL cells in the
hypo-MDS group were higher than those in the AA group. These
findings indicate that the dysplastic clone (present in hypo-MDS
but not in AA) may be a trigger for LGL expansion (52). Finally,
PRCA complicated LGL leukemia in 7% of cases only, whilst
neutropenia is the leading cytopenia in these patients (48).

At a molecular level, Ishida et al. investigated STAT3 in an
Asian cohort of T-LGLL and CLPD-NK of whom a proportion
had concomitant PRCA (19/42 and 3/11, respectively). They
found STAT3 mutation in 47.6% of T-LGLL and 27.2% of
CLPD-NK patients (12). Furthermore, Jerez et al. studied
STAT3 mutation in a large series of patients with acquired BMF
syndromes, including 140 AA, and identified 16 mutated patients
of whom 6 with an LGL clone (13). Other Authors found a STAT3
mutation in 43% of 42 PRCA patients, of whom 13 had associated
LGL clones, but not in the 82 patients with AA/MDS (11). More
recently, Lundgren et al. showed that CD8+ T cells from AA
patients frequently show somatic mutations of JAK-STAT and
MAPK pathways, that are associated with CD8+ T-cell clonality
and alter CD8+ phenotype (54). On the whole, these studies
suggest that STAT3 mutations, may play a pathogenic role,
particularly in PRCA, but also in AA, by increasing the
production of proinflammatory/proapoptotic cytokines.

Immunosuppression is the backbone therapy for both AA/
PRCA and LGL lymphoproliferative disorders, although with
heterogeneous outcome (45, 47, 51). In STAT3-mutated AA
patients a better response to immunosuppressive therapy has
been described in some studies, whilst others reported that
STAT3 mutated patients were less responsive to cyclosporine.
As regards other immunosuppressants, Lacy et al. reported good
response to steroids and azathioprine in an LGLL/PRCA patient
(45) and Go et al. described bad responses with cyclophosphamide
in LGLL/AA cases (47). More recently, Fujishima et al. analyzed
185 patients with PRCA, of whom 14 had an LGLL clone and
responded well to continuous treatment with cyclophosphamide
or cyclosporine (51). Finally, methotrexate produced good long-
lasting responses in 18 subjects with LGLL/PRCA, similarly to
those observed in patients with LGL expansion only (10).
Moreover, Schutzinger et al. described successful treatment of
LGLL/PRCA with low-dose alemtuzumab, a monoclonal antibody
against CD52, in a patient refractory to cyclosporine and
methotrexate (49). Finally, only one study addressed the impact
of LGL clones on survival of 9 AA/PRCA patients and showed that
superior response to immunosuppression did not correlate with
improved survival (45). Beyond cytotoxic immunosuppressants,
the role of steroids is still controversial, as they may be effective in
patients with autoimmune cytopenias associated with LGL-
expansion. However, their use in primary LGL, AA, and PRCA
is usually not sufficient to revert the phenotype, and association
with cytotoxic immunosuppressants is suggested.

In conclusion, this evidence confirms that immuno-
suppression, particularly with cyclosporine but also with
methotrexate, are good options in bone marrow failures
Frontiers in Oncology | www.frontiersin.org 7
associated with LGL clones. Since AA/PRCA are already
treated with cyclosporine combinations, patients with LGL
expansion may be effectively treated as the primary disease. A
warning persists about infectious risk that represents an
important cause of morbidity and mortality in these patients
and may be increased by immunosuppression. This may also
account for the absence of a favorable effect on survival of LGL/
AA association, despite a better response to treatment. Further
insights in the pathogenetic mechanisms of LGL/AA associations
will possibly enable the development of more targeted and less
toxic treatments in the next future (10).
DISCUSSION AND CONCLUSIONS

LGLclones are increasingly recognized inpatientswithbonemarrow
failures (AA/MDS), but also, although rarely, in AML and MPN.
Figure 1 depicts the features and intersections among myeloid
neoplasms and LGL disorders. LGL clones are relatively easy to be
demonstrated but the communication between the clinician and the
pathologist is pivotal for a correct interpretation. In fact, depending
on the method utilized (morphology, flow cytometry, TCR/KIR
clonality by molecular analysis) the prevalence of LGL clones in
these conditions ranges from less than 5% to more than 30%. Their
detection is usually associated with a more cytopenic phenotype,
likely due to a more pro-inflammatory and pro-apoptotic bone
marrow milieu, where LGL clones may induce direct toxicity
against stem cells or produce a variety of immunoregulatory
cytokines. Moreover, LGL clones are associated with autoimmune
phenomena, frequently described in myeloid neoplasms (55). When
peripheral lymphocytosis and splenomegaly are present, overt
lymphoproliferative disease should be assessed and classified as per
WHO criteria. The latter may in fact require specific
immunosuppressive treatment. To avoid overtreatment, LGL-
specific therapies are indicated based on clinical features of
cytopenia (symptomatic anemia, thrombocytopenia, and
neutropenia), constitutional symptoms, and lymphoproliferative
progression (2). Moreover, it is worth mentioning that
splenomegaly, although considered a classic association, has been
reported in about 1/5 of patients only, andmay be a commonfinding
in several hematologic diseases, including MPN.

Immunosuppression is the mainstay treatment of LGL
disorders as well as of AA and hypo-MDS. In these contexts,
the presence of an LGL clone seems associated with better
outcome, particularly if cyclosporine or methotrexate are used.
At variance, patients with MDS/LGL showed a worse treatment
outcome as compared with those with LGLL, likely due to an older
age and reduced stem cell reserve in the former. An intriguing
feature of LGL clones is that they tend to expand after therapy,
particularly if they are associated with myeloid disease. This
phenomenon is common to other clonal entities such as
paroxysmal nocturnal hemoglobinuria (PNH). Here, a multi-
step pathogenesis is postulated encompassing the acquisition of
a somatic mutation of PIG-A gene, the autoimmune attack to
normal stem cells, and the selection/expansion of the PNH clone
favored by immunosuppression and/or acquisition of co-
October 2021 | Volume 11 | Article 748610

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Fattizzo et al. LGL Expansion in Myeloid Diseases
mutations (56). Similarly, in LGL clones, somatic mutations of
STAT3 and STAT5b have been demonstrated, that seem however
not sufficient to cause the disease, without additional contribution
of environmental factors, cytokine dysregulation, and therapies.
To make this picture even more confusing, the possible common
origin of the two clones has been reported, since STAT mutations
have been found in myeloid precursors of LGL/MDS patients and
myeloid genes mutations have been detected in LGL cells. Overall,
although regarded as an important pathogenic player, the
detection of a STAT mutation does not inform treatment for
LGL that is still based on the severity of cytopenia, B symptoms,
and lymphoproliferative progression (2).

The relationship of LGL clones with AA/MDS prognosis is less
clear. In fact, some studies indicated a better outcome for LGL/MDS
association as compared with MDS alone, whilst other showed no
differencesdespite abetter response to immunosuppression.Apossible
explanation may be the increased infectious risk that represents an
important cause ofmorbidity andmortality after immunosuppression.
Furthermore, it may be speculated that LGL depletion after
immunosuppression may reduce immunosurveillance on leukemic
Frontiers in Oncology | www.frontiersin.org 8
landscape and counteract the advantage obtained with a better
response to immunosuppression. This has been observed even in
patientswithmore aggressivediseases, suchasacutemyeloid leukemia,
where immunosuppression improved LGL signs/symptoms but led to
leukemia relapse.

In conclusion, LGL clones may be detected in myeloid diseases
in a “whoever seeks finds” fashion. The use of cytofluorimetric and
molecular techniques, although the analysis of somatic mutation is
not routinely available, will likely allow us to investigate small
lymphoid clonalities in myeloid diseases, but even in the general
population. This might unveil the presence of a “clonal
lymphopoiesis of indeterminate potential” that may precede
overt lymphoproliferative diseases, including LGL, but also favor
the development of autoimmune diseases still called “idiopathic”.
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