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Introduction 

Large granular lymphocyte (LGL) disorders are character-
ized by the chronic proliferation of cytotoxic lymphocytes.
These LGL expansions can be sustained by two distinct sub-
populations: CD3+ cytotoxic T lymphocytes (CTLs) or CD3-
natural killer (NK) cells.1,2 According to the specific lymphoid
cell involved, the 2008 World Health Organization (WHO)
classification defined chronic LGL disorders as T-large granu-
lar lymphocytic leukemia (T-LGLL) and as chronic lympho-
proliferative disorder of NK cells (CLPD-NK).3,4 Both diseases
are characterized by an abnormal expansion of cytotoxic
clonal populations; in T-LGLL, the marker of clonality is rep-
resented by the rearrangement of TCRγ whereas a restricted
pattern of killer immunoglobulin-like receptor (KIR) expres-
sion has been used as a surrogate of clonality in CLPD-NK,
NK cells lacking a clonotypic structure.2,5

In recent years, progress in research has widened our under-
standing of the pathogenetic events that sustain T-LGL
leukemia and CLPD-NK.6 The identification of specific mech-
anisms and biological differences between neoplastic NK and
T clones seem to strengthen the subclassification of these dis-
orders made by the WHO. In CLPD-NK, the pathogenetic
mechanism is intrinsically nested in a genetic background
which determines a biased response of cytotoxic NK cells
equipped with activating NK receptors,7,8 this pattern being
mainly related to the reduced expression of other activating
receptors, such as natural cytotoxic receptors. This impaired
expression of inhibitory receptors is dependent on the
patient’s genotype, and is characterized by the presence of

multiple activating KIR genes9 and on a discrete silencing of
inhibitory KIR genes through their promoter methylation.10

On the other hand, attempts to understand the pathogenesis
of T-LGLL have suggested there is a crucial role for inflamma-
tory cytokines. Leukemic T-LGLs fail to undergo activation-
induced cell death (AICD), an event that is consequent to a
critical impairment of Fas-induced apoptosis.11,12

The etiology of LGL expansions is largely unknown. This is
due to the fact that no single, specific agent is responsible for
the LGL proliferation, which is likely the expression of an
abnormal processing of different foreign antigens. 
Several data suggest the concept that different events

induce the disease through a pathogenic mechanism that is
common for both disorders. In this regard, a number of
reports strongly support the role of a chronic/persistent anti-
genic stimulation provided by an auto-antigen or a foreign
infectious antigen.13-17 This would lead to the expansion of a
fully differentiated effector cytotoxic LGL which is not elimi-
nated as a consequence of an impairment of apoptotic path-
ways and persistence of chemokines triggering a chronic
stimulation.12 The phenomenon of clonal drift, i.e. a change in
the dominant T-cell clone observed in nearly 50% of LGLL
patients, has been interpreted in line with this hypothesis.18

Similarly, in both disorders, in vivo activation of STAT3 and
the presence of somatic STAT3 mutations have been
observed.19-22 The observation that STAT3 SH2 somatic muta-
tions can be found with a similar frequency in NK-cell and in
T-cell disorders further indicates that a common mechanism
is responsible for their pathogenesis, possibly driven by a
shared genetic lesion irrespective of the cell lineage.22
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The etiology of chronic large granular lymphocyte proliferations is largely unknown. Although these disorders are
characterized by the expansion of different cell types (T and natural killer) with specific genetic features and abnor-
malities, several lines of evidence suggest a common pathogenetic mechanism. According to this interpretation, we
speculated that in patients with natural killer-type chronic lymphoproliferative disorder, together with natural killer
cells, also T lymphocytes undergo a persistent antigenic pressure, possibly resulting in an ultimate clonal T-cell selec-
tion. To strengthen this hypothesis, we evaluated whether clonal T-cell populations were detectable in 48 patients
with killer immunoglobulin-like receptor-restricted natural killer-type chronic lymphoproliferative disorder. At diag-
nosis, in half of the patients studied, we found a clearly defined clonal T-cell population, despite the fact that all cases
presented with a well-characterized natural killer disorder. Follow-up analysis confirmed that the TCR gamma
rearrangements were stable over the time period evaluated; furthermore, in 7 patients we demonstrated the appear-
ance of a clonal T subset that progressively matures, leading to a switch between killer immunoglobulin-like recep-
tor-restricted natural killer-type disorder to a monoclonal T-cell large granular lymphocytic leukemia. Our results sup-
port the hypothesis that a common mechanism is involved in the pathogenesis of these disorders.
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Given this, we hypothesized that the antigenic pressure
favouring NK-cell proliferation in CLPD-NK would repre-
sent a relevant signal also for the T compartment, ulti-
mately leading to the expansion of cytotoxic clonal T-cell
populations. To investigate this hypothesis, we analyzed
the rearrangement of TCRg in the residual ‘normal’ T lym-
phocytes in 48 patients with CLPD-NK. Our data show
that, in half of these patients, a clonal T-cell population
was detectable at the time of diagnosis, whereas in 27%
of our patient cohort it also occurred during follow up. In
some cases, this phenomenon leads to a switch from a
KIR-restricted CLPD-NK to a monoclonal T-LGLL,
strengthening the suggestion that a common pathogenetic
mechanism takes place in these chronic LGL disorders.

Methods

Patients
Forty-eight patients were enrolled in this study. All patients

were affected by CLPD-NK, characterized by a chronic prolifera-
tion of CD16+/CD3– NK cells. Diagnoses were made according to
reported criteria.5,23,24 At the time of enrollment, none of the
patients had received treatment. Twenty-nine patients were avail-
able for serial measurements over an extended time period (3-14
years). Patients’ samples and clinical features were collected from
the Hematology Division of the Department of Medicine in accor-
dance with a protocol approved by the Institutional Review Board
for experimental studies (Protocol n. 2362P, approved on July 6,
2011). Written informed consent was obtained in accordance with
the Declaration of Helsinki.

Cells purification and isolation
Peripheral blood mononuclear cells (PBMC) were obtained by

Ficoll-Hypaque (Sigma Aldrich) gradient centrifugation.
CD16+/CD3– NK cells of patients were obtained using magnetic
separations over columns (MACS; Miltenyi Biotec, Auburn, CA,
USA) with magnetic micro-beads coated with anti-human CD16
antibodies (isotype: mouse IgM; Miltenyi Biotec). CD3+/CD57+

T cells were obtained from PBMCs by the FACSAria cell sorter
(BD biosciences, San Jose, CA, USA). Sorted populations were
analyzed for purity and viability (both 95%). We performed pre-
liminary experiments to rule out the possibility that cells obtained
by FACSAria sorting or by magnetic micro-beads were functional-
ly different.

Flow cytometry analysis
Peripheral blood samples were collected from patients at clinical

testing as detailed in the Online Supplementary Appendix. 

Statistical analysis
The comparison of characteristics between patients with mon-

oclonal and polyclonal TCRg rearrangement was performed using
Student’s t-test. P<0.05 or P<0.01 were considered statistically sig-
nificant. 

Result

Patients’ characteristics
We studied a well-reported cohort (n=48) of patients

with CLPD-NK (Table 1). Mean age at diagnosis was 61
years (range 25-86 years). As assessed by flow cytometry
analysis, mean percentage of NK CD16+/CD3– cells was
63% (range 42-91%). The presence of a relevant KIR
expression was detected in 27 patients (56%) (Figure 1A).
More specifically, 4 patients (9%) presented a restricted
expression of CD158a (KIR2D1), 10 patients (21%) pre-
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Figure 1. KIR expression on NK cells and analy-
sis of TCRγ rearrangement on T cells from
patients with CLPD-NK. (A) KIR expression on
NK CD16+/CD3– cells from patients with CLPD-
NK was evaluated by flow cytometry analysis.
Cells were stained with CD158a mAb against
the KIR2D1, CD158b mAb against the
KIR2DL2/3 and KIR2DS2, CD158i mAb
against the KIR2DS4 and CD158e mAb
against the KIR3D1. (B) TCRg rearrangement
was evaluated by PCR at the time of diagnosis.
Specific primers for the variable region of the
rearranged TCRγ chain gene were used as two
mixes (Set I primers and Set II primers; see
Methods section). Twenty-three patients (48%)
presented monoclonal TCRg rearrangement;
figure reports 7 representative patients. The
presence of clonal rearrangement is indicated
by white arrows. 
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sented the CD158b (KIR2DL2/3 and KIR2DS2), 5
patients (10%) presented the CD158i (KIR2DS4), and 5
patients (10%) presented the CD158e (KIR3D1). The
cohort also included 3 patients (6%) with restriction of
both CD158a and CD158b. Finally, 21 patients (44%)

were characterized by the lack of KIR expression on the
cell surface. Analysis of NK activity at the time of diag-
nosis showed that all cases were characterized by the
ability to induce a strong cytolytic response (data not
shown).
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Table 1. Patients’ clinical and laboratory characteristics.
Variable                                                                                                                                                      CLPD-NK patients  (n=48)

Mean age, years (range)                                                                                                                                                                        61 (25-86)
Male/female                                                                                                                                                                                                   34/14
Mean % lymphocytes (range)                                                                                                                                                               65 (44-88)
Mean CD16+/CD3– count in PB cells x109/L (range)                                                                                                                       3.2 (1.1-7.4)
Mean % 1CD16+/CD3– on lymphocytes (range)                                                                                                                                 63 (42-91)
Mean % 1CD16+/CD56+ on lymphocytes (range)                                                                                                                                34 (1-87)
Mean CD3+/CD57+ count in PB cells x109/L (range)                                                                                                                     0.5 (0.05-1.9) 
Mean % 1CD3+/CD57+ on lymphocytes (range)                                                                                                                                  12 (1-28)
Mean 1CD4/8 ratio on lymphocytes (range)                                                                                                                                  0.84 (0.07-2.19)
% neutropenia (<1.5x109/L) (n. patients)                                                                                                                                            27 (13)
% anemia (<10 g/dL) (n. patients)                                                                                                                                                          8 (4)
% thrombocytopenia (<100x109/L) (n. patients)                                                                                                                                  6 (3)
% splenomegaly (n. patients)                                                                                                                                                                  10 (14)
% associated diseases‡ (n. patients)                                                                                                                                                    31 (15)
% positive serology for EBV and CMV infections (n. patients)                                                                                                      100 (48)
% patients with somatic mutation in STAT3-SH2 domain§ (n. patients) 8 (4)
CLPD-NK: chronic lymphoproliferative disorder of NK cells; PB: peripheral blood; MGUS: monoclonal gammopathy of undetermined significance; HCV: hepatitis C virus; 
HBV: hepatitis B virus; EBV: Epstein-Barr virus; CMV: cytomegalovirus. ‡Polymyalgia, polymyositis, non-Hodgkin lymphoma, MGUS, HCV infection, HBV infection, prostate cancer, 
sarcoidosis, thyroditis, essential thrombocythemia. §Somatic STAT3 mutations were found in 4 patients, Y640F in 2 cases and D661Y in 2 cases. 1CD16+/CD3–, CD16+/CD56+,
CD3+/CD57+ and CD4/8 ratio are calculated on the percentage of total lymphocytes.

Table 2. Comparison of clinical characteristics in patients with or without monoclonal TCRg�rearrangement.
Variable                                                                                                                  CLPD-NK patients                                CLPD-NK patients
                                                                                                                            without  monoclonal                               with monoclonal   
                                                                                                                           TCRg� rearrangement                          TCRg� rearrangement 
                                                                                                                                     (n. 25)                                                 (n. 23)

Mean age, years (range)                                                                                                                   65 (44-86)                                                     56* (25-77)
Male/female                                                                                                                                                18/7                                                                  16/7
Mean % lymphocytes (range)                                                                                                          67 (45-88)                                                      63 (44-79)
Mean CD16+/CD3– count in PB cells x109/L (range)                                                                   3.1 (1.1-7.0)                                                   3.1 (1.1-7.4)
Mean % 1CD16+ on lymphocytes (range)                                                                                       63 (42-91)                                                      63 (47-80)
Mean % 1CD16+ on lymphocytes (range)                                                                                        32 (5-54)                                                        36 (1-87)
Mean % 1CD3+/CD57+ on lymphocytes (range)                                                                         261 (49-1035)                                             904** (284-1971)
Mean %1CD3+/CD16+ on lymphocytes (range)                                                                                1 (0-4)                                                             1 (0-5)
Mean % 1CD3+/CD57+ on lymphocytes (range)                                                                              6 (1-25)                                                       19** (9-28) 
Mean 1CD4/8 ratio on lymphocytes (range)                                                                              0.88 (0.13-2.19)                                             0.79 (0.07-2.19)
% symptoms at diagnosis                                                                                                                          20                                                                     34
% neutropenia (<1.5x109/L)                                                                                                                     43                                                                     43
% anemia (<10 g/dL)                                                                                                                                  4                                                                       4
% thrombocytopenia (<100x109/L)                                                                                                          8                                                                       4
% splenomegaly                                                                                                                                            8                                                                       9
% associated diseases‡                                                                                                                              28                                                                     35
% positive serology for EBV and CMV infections                                                                              100                                                                   100
% patients with somatic mutation in STAT3-SH2 domain§                                                                8                                                                       9
CLPD-NK: chronic lymphoproliferative disorder of NK cells; PB: peripheral blood; MGUS: monoclonal gammopathy of undetermined significance; HCV: hepatitis C virus; HBV: hepatitis
B virus; EBV: Epstein-Barr virus; CMV: cytomegalovirus. ‡Polymyalgia, polymyositis, non-Hodgkin lymphoma, MGUS, HCV infection, HBV infection, prostate cancer, sarcoidosis, thyrodi-
tis, essential thrombocytemia. §Somatic STAT3 mutations were found in 4 patients, Y640F in 2 patients and D661Y in 2 patients. *Student’s t-test, patients without TCRg rearrangement
versus patients with TCRγ rearrangement; P=0.012. **Student’s t-test, patients without TCRg rearrangement versus patients with TCRg rearrangement, P=0.0001. 1CD16+/CD3–,
CD16+/CD56+, CD3+/CD57+ and CD4/8 ratio are calculated on the percentage of total lymphocytes. 



Rearrangement of the TCRg gene in residual 
T CD3+ population in CLPD-NK patients
Rearrangements of the T-cell receptor g (TCRg) genes

were identified by PCR on PBMCs of all patients with
CLPD-NK enrolled in the study. At the time of CLPD-NK
diagnosis, we found that 23 patients (48%) presented one
or two discrete bands of PCR product, indicative of a mon-
oclonal rearrangement of TCRg (Figure 1B). The product
of PCR ranged from a fairly detectable band to a strong
signal, suggesting a different percentage of abnormal 
T cells in the patients. Criteria for diagnosis of T-LGLL
consider the proliferation of a clonal T-cell population that
expresses the membrane surface marker CD3, CD8,
CD57, often associated to CD16 and characterized by
TCR rearrangement. In fact, in our patients, CD4/CD8
ratio was significantly reduced with respect to the normal
value (0.84±0.07 vs. 1.80±0.70; P=0.0011) and a subset of
T CD3+/CD57+ cells was clearly detectable. This
CD3+/CD57+ cell expansion was correlated to the presence
of TCR clonality. In fact, in patients with monoclonal

rearranged TCR, percentage of CD3+/CD57+ cells was
19% versus 6% of patients with polyclonal T-cell popula-
tion (**P=0.0001) (Table 2). Mean CD3+/CD57+ count was
higher in patients with monoclonal rearranged TCR (0.9 x
109 cells/L; range 0.3-2.0 x 109 cells/L) versus patients with
polyclonal TCR (0.3 x 109 cells/L; range 0.05-1.0 x 109
cells/L; P=0.001). In the first group, 18 of 23 patients met
the diagnostic criteria for T-LGL, since CD3+/CD57+count
was over 0.5 x 109 cells/L together with the presence of
TCR monoclonal rearrangement. Monoclonal T expan-
sion did not correlate with other parameters, such as the
patient’s clinical characteristics (Table 2) or immunophe-
notype of NK cells (Online Supplementary Table S1). Finally,
since clonal T-cell populations with a characteristic CD8+,
CD28–, CD57– phenotype have been reported to be
detectable in normal individuals over 65 years of age,29 in
6 patients the expanded CD3+/CD57+ population was
sorted and TCRg rearrangement was analyzed in these
cells, confirming the monoclonal nature of this abnormal
cell subset (data not shown).
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Figure 2. Long-term evaluation of T CD3+ and NK CD16+/CD3– percentage and TCRg rearrangement. According to the behavior of NK- and T-
cell patterns, we divided patients into 2 groups: Group A and Group B. (A and B) show one representative patient for each group. (A) Group A
(n=20, 69%) patients with a percentage of NK cells stable over time. (B) Group B (n=9, 31%) patients in whom NK cells, that represented the
predominant population at the diagnosis, progressively decreased to values comparable to controls, with a concomitant increase of T-cell pop-
ulation (range 3-14 years). (C) Analysis of TCRg rearrangement on T cells at diagnosis and at follow up (range 3-14) in Group A patients. Figure
reports 4 representative patients. (D) Analysis of TCRg rearrangement on T cells at diagnosis and at follow up (range 3-14 years) in Group B
patients. Figure reports all 9 patients of Group B. The presence of clonal rearrangement is indicated by white arrows.  
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STAT3 mutations in NK cells
Somatic STAT3 mutations at diagnosis were demon-

strated in 4 patients of the 48 studied: Y640F in 2 cases and
D661Y in 2 cases. In all these cases, the data were also
confirmed when purified NK cells were used for the analy-
sis. In 5 patients,  the presence of STAT3 mutations at dif-
ferent times along the progression of disorder (range 3-14
years). In Patient 21, rearranged TCRg was detected
already at the time of diagnosis, whereas in Patients 15,
18, 31 and 35, rearrangement was observed during follow
up. In all these patients, STAT3 mutations were not found
either at diagnosis during follow up.

Clonotypic dynamics and disease progression
In 29 patients, the presence of a clonal T-cell population

was investigated during an extended period of follow up
ranging from 3 to 14 years. Analysis of TCR gene
rearrangement at different yearly intervals allowed the
identification of different patterns of T-cell clonal popula-
tion behaviour during the course of the disease. Among
these 29 patients, in 9 patients (31%) a T-cell clonal popu-
lation was never observed, even several years (range 3-14
years) after diagnosis. In 13 patients (45%), the TCRg
rearrangement, already detectable at diagnosis, was per-
sistent during years of follow up. In 7 patients (24%), the
TCRg rearrangement appeared a few years after diagnosis.
Interestingly, whereas in some patients a shift from a poly-
clonal to a monoclonal T-cell population was documented,
none of the patients with an initial clonal TCR regained a
normal polyclonal TCR repertoire.
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Table 3. Long-term evaluation of patients in group B.
Patient Group Clonal Years % %    % % % % 1CD4/8 % KIR
# TCR g� follow up 1CD16+ 1CD3+ 1CD3+ 1CD3+ 1CD3+ 1CD8+ ratio 1CD56+ restriction

rearrangement CD16+ CD57+ CD56+ CD57+

15 B - 0 80 0 14 3 2 22 0.3 1 CD158a-b
+ 6 54 0 40 23 3 35 0.5 1 CD158b
+ 13 33 0 64 22 3 52 0.4 3 CD158b

17 B - 0 47 0 44 9 1 34 1.0 7 CD158i
- 3 26 0 56 15 2 31 1.0 21 CD158i
+ 5 20 0 60 17 1 31 1.0 20 CD158i

18 B - 0 59 0 35 4 3 27 1.5 13 KIR NEG
+ 5 22 0 71 11 3 31 1.5 10 KIR NEG
+ 9 24 2 67 10 3 32 1.3 16 KIR NEG

20 B - 0 49 0 44 4 2 28 1.1 26 CD158e
- 3 38 0 45 4 4 20 1.8 27 CD158e
+ 5 26 0 58 16 3 45 0.6 18 CD158e

31 B - 0 89 0 9 2 5 13 0.6 16 CD158i
+ 4 33 1 45 19 7 41 0.4 11 CD158i
+ 12 7 1 43 22 2 52 0.5 7 NORMAL
+ 14 9 5 46 22 5 47 0.6 6 NORMAL

35 B - 0 88 5 10 1 2 15 1.3 62 KIR NEG
+ 8 16 1 68 24 3 37 1.1 10 NORMAL
+ 12 15 1 72 23 5 37 1.1 10 NORMAL

45 B - 0 74 0 12 6 2 64 0.1 0 KIR NEG
- 3 36 0 53 17 1 42 1.0 2 KIR NEG
+ 5 38 0 51 16 3 46 0.9 1 KIR NEG

21 B + 0 48 0 51 22 2 24 1.4 5 CD158b
+ 3 27 0 61 18 0 35 0.7 10 NORMAL
+ 6 22 0 62 26 1 31 1.8 15 NORMAL

46 B - 0 45 0 34 6 6 27 1.0 24 KIR NEG
- 10 25 4 64 1 3 31 1.4 19 NORMAL
- 14 19 3 69 1 0 29 1.5 6 NORMAL

1CD16+, CD3+/16+, CD3+, CD3+/CD357+, CD3+/56+, CD8+ and CD4/8 ratio, CD56+/CD57+ are calculated on the percentage of total lymphocytes.

Table 4. Analysis of Vb expansion over time (range 3-14 years).
Patient #                  Clonal TCRg� at diagnosis                   Vb at diagnosis              Clonal TCRg at follow up                  Vb�at follow up

20                                                          -                                       normal Vb� repertoire                                 +                                                   Vb 7, 9
31                                                          -                                       normal Vb� repertoire                                 +                                               Vb� 7, 9, 20
46                                                          -                                       normal Vb� repertoire                                 -                                     normal Vb�repertoire
11                                                          +                                              Vb 1, 7, 8, 9, 17                                        +                                                    Vb� 1
14                                                          +                                                       Vb� 7                                                 +                                                     Vb 7
41                                                          +                                       normal Vb� repertoire                                 +                                               Vb� 7, 9, 17 



Analysis of NK CD16+/CD3– and T CD3+ population in
CLPD-NK patients during the course of disease
The observation that T-cell clones were detected in nearly

half of CLPD-NK cases, and that some patients developed
monoclonal TCRg rearrangement during the natural history
of disease, prompted us to investigate the kinetics of the T-
cell population in our cohort of patients. In 29 patients, it
was possible to evaluate the percentage of CD3+ T lym-
phocytes and CD16+/CD3– NK cells by flow cytometry
analysis at the time of diagnosis and within a follow up
ranging from three to 14 years. According to the behaviour
of the NK- and T-cell patterns, we divided the patients
under study into 2 groups: 20 patients (69%) with a per-
centage of NK and T cells stable over the time period eval-
uated (Group A) (Figure 2A), and 9 patients (31%) in whom
the percentage of KIR-restricted NK cells, representing the
dominant population at the diagnosis, progressively
decreased to within the normal range, with a concomitant
increase in T-cell population (Group B) (Figure 2B). By
matching these data with the presence of detectable T
clones, we found that in Group A, made up of patients with
stable disease, the presence or absence of T-cell clone was
constant. In fact, if the clone was not presented at diagnosis
(n=7), it was also never detected after years of follow up
(range 3-14 years) (Patients 37 and 48; Figure 2C).
Otherwise, if the T clone was present at the time of diagno-
sis (n=13), it was constantly detected during the course of
the disease (Patients 26 and 32; Figure 2C). In contrast, in
Group B, 7 patients (Patients 15, 17, 18, 20, 31, 35 and 45)
showed the appearance of a clonal T-cell population during
follow up (Figure 2D). Interestingly, all these cases were
characterized by a shift from a KIR-restricted NK expansion
to a T CD3+/CD57+ abnormal population, with monoclonal
TCR rearrangement (Table 3). Moreover, at the last follow
up, the initial KIR-restricted population was still document-
ed in 5 of these cases (Patients 15, 17, 18, 20, 45), whereas
in 2 patients the KIR-restricted population was observed to
disappear, with normalization of NK-cell subsets (Patients
31 and 35) (Table 3). In contrast, Patient 21 presented a
monoclonal T CD3+/CD57+ cell population already at diag-
nosis (Patient 21) (Figure 2D) that persisted during follow
up, with a concomitant decrease in NK-cell population char-
acterized by a shift from a KIR-restricted NK expansion to
a normal KIR repertoire. Finally, the only patient in Group
B in whom a monoclonal TCRγ rearrangement was never
found (Patient 46) (Figure 2D) achieved hematologic remis-
sion paralleled by a gradual disappearance of the aberrant
NK population, an increase to normal value of a T
CD3+/CD57–/CD16– cell population with polyclonal TCR,
and normal CD4/CD8 ratio, suggesting a spontaneous
remission of CLPD-NK (Table 3).

TCR Vb usage in CLPD-NK patients
TCR Vb clonotyping was available in 6 patients with a

mean 6-year follow up (range 3-14 years). In Patients 20, 31
and 46 who did not present clonal TCRg rearrangement at
diagnosis, we found a normal TCR Vb repertoire that, in
Patients 20 and 31 became restricted at follow up with the
appearance of TCR clonality (Table 4). Patients 11 and 14
are of particular interest; they presented monoclonal TCRγ
rearrangement already at diagnosis. Patient 11 had a prefer-
ential usage of Vb regions 1, 7, 8, 9 and 17 that became fur-
ther restricted to Vb region 1. Only Patient 14 displayed a
dominant clone from the outset of clinical presentation and
the clone remained stable over prolonged periods of time.

In Patient 41, even if TCRg monoclonal rearrangement was
detected at diagnosis, we found a normal Vb repertoire. In
fact, the pathological T cells were so few that the analysis
of TCR Vb gene expression did not highlight any dominant
T-cell population. During the 5-year follow up, Patient 41
developed a skewed TCR repertoire restricted to the Vb 7,
9 and 17 regions. The change in the dominant TCR Vb
clone or the progressive appearance of a dominant clone
from an oligoclonal background, referred to as clonal drift,
is a typical feature of T-LGL leukemia. Clemente et al. sug-
gested that the clonal drift is a subtle characteristic of the
disease in its early manifestation.18

Clinical behavior
The primary hematologic manifestation was neutropenia

(<1.5 x 109 /L; 27% of patients), although never reaching the
level of severe neutropenia, followed by anemia (<10 gr/dL;
8%), and thrombocytopenia (<100,000 x 109/L; 6% of
patients). Associated diseases were reported in 15 cases
(polymyalgia n=2, polymyositis n=3, non-Hodgkin lym-
phoma n=1, monoclonal gammopathy of undetermined
significance (MGUS) n=2, hepatitis C virus (HCV) infection
n=1, hepatitis B virus (HBV) infection n=1, prostate cancer
n=1, sarcoidosis n=1, thyroiditis n=1, essential thrombo-
cythemia  n=2). All patients were found to be positive for
Epstein-Barr virus (EBV) and cytomegalovirus (CMV) IgG
antibodies. One patient had undergone splenectomy for
non-defined reasons several years before the diagnosis of
CLPD-NK. Nine patients needed treatment due to associat-
ed diseases other than CLPD-NK. In particular, 2 patients
for each group were receiving low-dose methotrexate for
autoimmune disorders. Concerning patients with and with-
out a monoclonal T population, no differences were
demonstrated between the groups, except that patients
with TCRg clonal rearrangement had a median age of 56
years (range 25-77 years) compared to the other group of
patients who had a median age of 65 years (range 44-86
years; Student’s t-test, *P=0.012) (Table 2). No clinical differ-
ences were demonstrated in patients shifting from NK to T
LGL proliferation.

Discussion

Our results demonstrate the presence of monoclonal T-
cell populations in 48% of cases in this large cohort of
patients with CLPD-NK. Even more intriguing is the finding
that these monoclonal populations can be detected not only
at the time of diagnosis, but in some cases they can occur
during the natural history of disease, indicating that the
association of T and NK proliferations is much more fre-
quent that initially thought. The T-cell clone can eventually
became so relevant as to be dominant, leading to the shift
from CLPD-NK to T-LGLL. This concept supports the
hypothesis that the immunological reaction ongoing in
patients with CLPD-NK is able to sustain the clonal expan-
sion of both NK and T cells. In this contest, it is likely that
CLPD-NK and T-LGLL should not be viewed as separated
entities, but should be considered to be the different sides
of the same disorder, with a common pathogenic mecha-
nism. This hypothesis is apparently in contrast with the
WHO 2008 classification that classifies CLPD-NK and T-
LGLL as two different diseases.3,4 However, the WHO clas-
sification relies on different lineage features of T and NK
cells, not taking into account putative common pathogenic
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mechanisms and clinical features. In fact, chronic NK- and
T-cell expansions display a similar morphology and, on clin-
ical grounds, in both types of patients cytopenia and other
co-morbidities are often associated, including autoimmune
conditions and/or malignancies.30,31 Furthermore, the treat-
ment is very similar in CLPD-NK and T-LGLL patients,
entailing an immunosuppressive regimen or careful obser-
vation of chronic lymphocytosis.1 The identification of
patients with a NK population bearing a restricted KIR
expression and an accompanying CD3+/CD57+ clonal T-cell
population(s) demonstrated in the present study questions
the accuracy of this subdivision, also considering that there
are no clinical differences between those patients with or
those without clones. 
The etiopathogenesis of these disorders is not completely

understood, and this is particularly the case for CLPD-NK.
In CLPD-NK cases, several experimental data support the
involvement of a genetic background. In fact, NK cells
equipped with an activating KIR gene aplotype are thought
to be more prone to clonal expansion, with a concomitant
marked silencing of inhibitory KIRs.9,10,32 The selection of T
cells during the T-LGLL pathogenesis has been more pre-
cisely investigated. T-LGL cells exhibit the activation of
multiple survival signaling pathways,33 are characterized by
the failure to undergo AICD,11 and are not sensitive to Fas-
induced apoptosis.12 Although CLPD-NK and T-LGLL seem
different, the steps that take place during their etiopatho-
genesis are similar. In fact, a number of reports strongly sup-
port the role of a chronic/persistent antigenic stimulation by
an auto-antigen or a foreign infectious antigen as the initial
step.13-17 Since disorders of large granular lymphocytes are
often associated to an inflammatory background, it is likely
that the chronic stimulation that triggers the clonal expan-
sion of NK cells during the pathogenesis and progression of
CLPD-NK is also able to sustain the expansion of the T pop-
ulation characterized by a TCRg monoclonal rearrange-
ment. Antigens and cytokines involved in this process have
already been the subject of investigation, given that IL-2
and IL-15 are well-known cytokines that regulate the biol-
ogy of NK and T cells, and both have been claimed to be
involved in LGL clonal expansion.34-36 A pivotal role is also
played by the JAK/STAT pathway, an overexpression and
overactivation of STAT3 by IL-6 being responsible for the
survival of neoplastic T clone.20 Furthermore, somatic muta-
tions of STAT3 are crucial in both T-LGLL and CLPD-NK,
as recently reported.21,22 The relevant role of STAT family
genes in the pathogenesis of LGL has been recently rein-
forced by the demonstration that STAT5b mutations can be
detected, although at a very low frequency (4 of 211 cases),
in patients with LGL proliferations.37 The frequency of
mutated STAT3 in our cohort of patients is lower than that
reported by other.21,22,38,39 Differences between the study
populations could explain the different results. In particular,
the more indolent clinical features of our patients, as com-
pared with those reported by Koskela et al.,21 represent a
plausible explanation. As a matter of fact, a recent paper by
Clemente et al.40 shows a lower incidence of STAT3 muta-
tion than that reported by the same group in a previous
cohort.22 Finally, the suggestion that STAT3 mutation might
occur in a common T/NK cell precursor41 is unlikely, the
most relevant reason being represented by the fact that the
number of STAT3 mutated cells might account for only a
fraction of the whole proliferating clone, eventually becom-
ing dominant along the natural history of disease. The iden-

tification of mutations both into NK and T clones raises the
question whether NK and T expansions present in the same
patient might share the same mutation. Studies are in
progress to test this possibility in clonal purified T or NK
populations. 
Our results support the concept that the mechanism

accounting for the proliferation of pathological NK and T
clones could be common for CLPD-NK and T-LGLL. This
hypothesis is supported by the presence of both NK and T
clones at the time of the diagnosis in a large number of
cases, and by the evidence that clonal T rearrangements can
occur years after diagnosis, both clones persisting in some
cases during the natural history of the disease. By flow
cytometry, in nearly 50% of the patients with T-LGLL stud-
ied, Clemente et al. reported the phenomenon recognized as
clonal drift in the Vb usage.18 These authors observed that
the clone size was smaller in the clonal drift group with
respect to stable patients, supporting the concept that we
are dealing with an early manifestation of the disease.
CDR3 AA sequence was also shown to remain unaltered in
stable clones, whereas expansions with different Vb restric-
tion presented markedly different CDR3 sequences, sug-
gesting that clonal drift was not associated with a conserved
TCRg homology. We extended this observation by describ-
ing patients in whom a clonal switch takes place, from a
KIR-restricted NK population to a dominant T monoclonal
population, with no further demonstration in some cases of
the initial NK clonal population. We also presented data on
a patient who completely recovered from the disorder, with
normal NK- and T-cell values, a non-restricted KIR expres-
sion cellular pattern, and polyclonal TCRg rearrangement.
The possibility of a complete recovery of CLPD-NK or T-
LGLL had already been previously reported.42,43 Taken
together, these data are consistent with the suggestion that
the putative inciting factors accounting for these disorders
still persist for many years, and possibly for the patient’s
entire life-span. This implies that: i) long-term follow up of
these patients is required; and ii) the possibility that clinical
features will worsen, even in indolent cases, can never be
ruled out, as reported in the literature.44,45
Our data contribute significantly to the field of knowl-

edge on chronic T- and NK-lymphoproliferative diseases.
Since a common event is likely to trigger clonal expansion
in both disorders, further studies are needed to investigate
the factors driving both NK- and T-clonal expansion.
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