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Dasatinib is a second generation tyrosine kinase inhibitor
(TKI) approved for clinical use in patients with imatinib-
resistant chronic myeloid leukemia (CML) and Philadelphia
chromosome-positive acute lymphoblastic leukemia (Ph*
ALL). Large granular lymphocytes (LGLs) are medium to large
cells with eccentric nuclei and abundant cytoplasm with
coarse azurophilic granules. LGL lymphocytosis is caused by
a proliferation of cytotoxic (CD8*) T cells and/or NK cells. In a
proportion of CML and Ph* ALL patients, there is a significant
expansion of LGLs during dasatinib therapy. LGL lymphocytosis
is seen in some cases with fevers, colitis, and pleural effusions
(PE), suggesting an aberrant immune response mediated by
these LGLs. LGLs may participate in the elimination of the
residual leukemic cells, and LGL clonal expansion is associated
with excellent, long-lasting therapy responses in dasatinib-
treated patients. For a more comprehensive analysis, we
analyzed the morphologic, phenotypic, clinical, and functional
features of the LGL subsets amplified in vivo during dasatinib
therapy.

Introduction

Large granular lymphocytes (LGLs) represent 10-15% of the
total peripheral blood (PB) mononuclear cells in normal adults.!
They are essential for the acquired immunity against viral
infection and neoplasm development. LGL lymphocytosis refers
to a spectrum of distinct hematological disorders, whose common
property is the abnormal expansion of LGLs. The syndrome is
characterized by an abnormal antigen-driven clonal expansion of
mature LGLs that would appear to persist in vivo probably owing
to impaired survival signaling and/or resistance to apoptosis. LGL
lymphocytosis is caused by a proliferation of cytotoxic (CD8*)
T cells and/or NK cells and is associated with viral infections,
autoimmune immunodeficiencies,
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and immunosuppression after organ transplantation. LGL
lymphocytosis can be observed in a wide spectrum of different
diseases, ranging from reactive polyclonal self-limited expansion,
to oligo/monoclonal asymptomatic lymphocytosis or even to
overt leukemia, which is often accompanied by infiltration
of the bone marrow (BM), spleen, and blood.*? Polyclonal
expansions are usually transient, secondary to viral infections
such as Epstein—Barr virus and cytomegalovirus (CMV), or they
may be associated with neoplasms and autoimmune disorders;
occasionally they may also occur post-splenectomy.* Clonal LGL
expansions are known to be responsible for causing cytopenias
and autoimmune disorders.’” According to the current WHO
classification of tumors of the hematopoietic and lymphoid
tissues, clonal LGL expansions may be further classified as
T-LGL leukemia, chronic lymphoproliferative disorders of NK
cells (CLPD-NK, a provisional entity with similar indolent
clinical presentation to T-LGL leukemia), and aggressive NK cell
leukemia.®”

In recent years, several new small molecule tyrosine kinase
inhibitors (TKIs) have emerged and have shown excellent clinical
activity in chronic myeloid leukemia (CML). Despite their relative
target specificity, many second line TKIs also possess a wide-
spectrum inhibitory profile on the kinome. Dasatinib (Sprycel,
Bristol-Myers Squibb) is a second generation TKI approved
for clinical use and has been highly effective in patients with
imatinib-resistant CML and Philadelphia chromosome-positive
acute lymphoblastic leukemia (Ph* ALL).*" In addition to Bcr-
Abl, dasatinib also targets Src and Tec kinases that are known to
be key factors in the regulation of immune responses; however,
Src and Tec kinases not inhibited by imatinib.!>'* The broader
target profile of dasatinib not only implies its less susceptibility
to the development of resistance, but also the potential for more
potent modulation of immune cell subsets. This may be the
therapeutic advantage, but as long-term effects on normal cells
are largely unknown, significant side effects may emerge.

There is a significant expansion of LGLs during dasatinib
therapy, but this phenomenon rarely happens in other TKIs. The
expanded LGLs had either a CD3*CD8* effector memory T cell
or a CD3-CD16/CD56* NK cell phenotype. The inhibited
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Table 1. Summary of articles about LGL lymphocytosis during daatinib therapy

Reference No.of | Median age Dasatinib Rate of LGL Lymphocyte Median interval from Median number
patients (years) dose (mg/d) | lymphocytosis | counts (10°/L) starting dasatinib to LGL of LGL (10°/L)
Mustjoki et al.' 30 54 (25-76) 140 73% (22) 4-20 3 mo (range 1-15 mo) NR
Kreutzman et al.'® 20 51(29-78) NR 50% (10) NR NR NR (range 4-20)
Nagata et al.”” 20 50 (29-81) 100-180 45% (9) NR 1 mo (range 1-8 mo) 6.5 (range 2.9-17.4)
Kim et al.”® 18 NR 140 44% (8) 4.6-8.8 4 mo (range 1.5-15 mo) NR (range 2.2-5.6)
Tanaka et al."” 25 64 (20-84) 50-140 60% (12) NR 11 wk (range 6-44 wk) 3.0 (range 1.6-6.0)
Valent et al.?° 15 NR 100-140 27% (4) 5.0-6.9 NR NR (range 2.3-4.83)
Lee et al.?'* 50 49 100-140 46% (23) 3.7-79 4 mo (range 1-13 mo) NR
Powers et al.?? 16 56 (48-65) NR 31% (5) NR NR 1.6 (range 0.6-2.7)

Note: *In this study, the development of lymphocytosis could not be directly interpreted as an expansion of large granular lymphocytes because a PB

smear was not available; NR, not reported.

kinases responsible for LGL expansion are unknown. In this
review, dasatinib-related LGL lymphocytosis are evaluated and
discussed with clinical responses. Understanding the mechanism
of this phenomenon is helpful to judge the therapeutic effect and
prognostic significance.

The Association between LGLs and Dasatinib

Several reports demonstrated a monoclonal or oligoclonal
expansion of LGLs in patients treated with dasatinib, and
dasatinib has immunostimulatory effects in the form of
persistent monoclonal or oligoclonal LGL lymphocytosis in a
distinct proportion of patients, ranging from 27% to 73.3%, as
shown in Table 1. Nagata et al.” observed LGL lymphocytosis in
9 patients during follow-up of leukocyte counts in 20 consecutive
patients treated with dasatinib. In the latest study, Tanaka et al.”
retrospectively investigated increases in LGLs in PB during
dasatinib treatment in 25 CML patients. Fifteen of them (60%)
showed an increase in LGLs. All 15 of these patients also showed
an increase in NK cells, and 11 showed an increase in CD8*
T cells.

The phenomenon of the increase of LGLs in the PB occurs
exclusively by dasatinib intake, but not by imatinib or nilotinib
intakes. Up to now, LGL lymphocytosis has rarely been reported
in patients treated with imatinib or nilotinib which cannot inhibit
Src family kinases. Powers et al.?* showed that 31% (5 of 16)
of dasatinib-treated patients had LGL expansions, whereas the
likelihood of such expansions under other TKI treatments was
relatively low: 3% (1 of 29) of imatinib-treated and 14% (2 of 14)
of nilotinib-treated patients.

The dosage of dasatinib is associated with the incidence of LGL
lymphocytosis. In one report, 1 (14%) of 7 patients who received
dasatinib 100 mg once daily developed LGL lymphocytosis,
compared with two (50%) patients taking 50 mg twice daily,
5 (63%) of 8 patients taking 70 mg twice daily, and 1 (100%)
of 1 patient taking 90 mg twice daily."” The greater the dosage
of dasatinib was, the higher the incidence of LGL lymphocytosis
was.

The interval from starting dasatinib to LGL lymphocytosis
ranges from 1 to 18 mo, as shown in Table 1. In most patients,
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LGL lymphocytosis was long lasting and continued throughout
dasatinib therapy, albeit with marked fluctuations in absolute
lymphocyte count. However, cessation of dasatinib treatments
induced rapid decline of the LGL counts almost to the baseline
levels.” The LGL expansions do not persist after discontinuation
of dasatinib and therefore cannot be considered LGL leukemia.

Dasatinib had a clinically significant direct effect on
the immune effector cells, resulting in rapid lymphocyte
mobilization, activation, and transmigration. The increase of
LGLs typically developed abruptly, with a peak lymphocyte
count ranging from 1.6 to 20 x 10°/L.1*** We defined patients
with or without LGL lymphocytosis as LGL* patients or LGL-
patients. Both lymphocyte counts and LGL counts significantly
increased 2 h after the oral dasatinib intake as compared with
those before intake in all patients. LGL-increase at 2 h after
the intake of dasatinib was seen even in LGL~ patients as well
as LGL* patients, and that relative fold-increases of LGL were
similar.!” Thus, both lymphocyte and LGL stayed at the basal
levels at 2 h after the oral intakes of imatinib or nilotinib.

Immunophenotype

Dasatinib-associated  lymphocytosis  typically
monoclonal or oligoclonal expansion of cytotoxic T or NK cell.
The immunophenotype of cells is CD3*CD8* cytotoxic T cell
and CD3-CD16*/56* NK cell phenotype. CD3*CD8* cytotoxic
T cells displayed activation markers, including HLA-DR and
CD57 and had TCR-a/ chains on the cell surface. CD3*CD8*
T cells also showed low expression of CD62L antigen. The LGLs
exhibited late differentiated (CD27-CD57*) phenotype.'? CD57
is a 110-kDa glycoprotein found on NK cells, activated effector
CD8* T cells and was a marker of replicative senescence and

comprises

indicative of altered functional capacities.??

Clonality

Clonal TCR gene rearrangements were commonly observed
in dasatinib-treated patients, and the incidence was higher in the
LGL* patients than in the LGL" patients. T-cell ontogenesis is
associated with TCR gene rearrangement resulting in a unique
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Table 2. The relationship between favorable response and LGL lymphocytosis

Reference MMR VR
LGL* LGL- P LGL* LGL- P
Mustjoki et al.’ 17/22 (77%) 2/8 (25%) 0.015 12/22 (55%) 1/8 (13%) 0.047
Nagata et al.”” 8/9 (89%) 6/11 (55%) 0.08 NR

Kim et al.’® 8/8 (100%) 3/10 (30%) 0.01 7/8 2/10 0.003
Tanaka et al.” NR 4/5 (80%) 0/3 (0%) 0.01

Lee etal.”! 12/23 (52%) 5/27 (15%) 0.05 10/23 (44%) 4/27 (15%) 0.024
Mustjoki et al.? 7/7 (100%) 1/30 (3%) <0.00 6/7 (86%) 1/30 (3%) <0.00

MMR, major molecular response; CMR, complete molecular response; NR, not reported.

molecular fingerprint for each T lymphocyte. The presence of
clonal TCR gene rearrangements has been recently described
in more than 80% of LGL* patients during dasatinib therapy.
High frequencies of clonal rearrangements of TCR-f3, -y, and -8
genes were observed in LGL* patients, and at lower frequencies
in LGL- patients. The LGL* patients had more often clonal
TCRS gene rearrangements than the LGL~ patients (90% vs.
10%, respectively).'® Tanaka et al.” found clonal TCR gene
rearrangements during dasatinib treatments were amazingly
high, in which at least one of the three TCR genes for 3, -y, and
8 were rearranged in 100% of the LGL* patients, and in 70% of
the LGL- patients as well.

Constitutive activation of the signal transducer and activator
of transcription 3 (STAT3) has been observed in patients with
LGL leukemia. Recently, the discovery of somatic mutations in
the SH2 domain of STAT3 in T-LGL leukemia and CLPD-NK,
displays its main value in the diagnostic setting.** STAT3
mutations are also found in bone marrow failure disorders
with LGL leukemia or without a LGL expansion.”® STAT3
mutations are frequently observed suggesting that aberrant
STAT?3 signaling underlies the pathogenesis of clonal expansions
of LGL. STAT3 mutations may be a useful tool to discriminate
malignant NK/T lymphoproliferations from reactive expansions,
in particular to establish clonality using STAT3 mutation as a
clonal marker.” Because of pathogenetic and clinical similarities,
LGL lymphocytosis warrants screening for STAT3 mutations in
NK or T lymphocytes from LGL* patients. LGLs from 6 patients
with LGL lymphocytosis during TKI therapy were studied and
found to be negative for STAT3 mutations,? but it needs further
validation whether there are acquired STAT3 mutations.

Diagnosis

One of the issues currently unsolved is that “increase of
LGL” has not been clearly defined during dasatinib therapy
up to now. Transient or chronic, polyclonal T or NK cell
lymphocytosis is occasionally seen in normal individuals with
viral infections and autoimmune disorders.” Oligoclonal and
small clonal populations of LGLs have been observed in healthy
elderly individuals.?® This phenomenon has been attributed to
dysregulated systemic immunity in the elderly. Based on the
published literature, the inclusion criteria of LGL lymphocytosis
is: (1) the number of PB lymphocyte count is equal or more than
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3.0 x 10°/L and absolute LGL count is equal or more than 1.5 x
10°/L for at least three months, (2) the predominance of LGLs in
the PB smear samples, (3) this appears during the course of the
dasatinib treatment, (4) the phenotypes of LGLs is either CD3~
CD56* NK cell or CD3*CD8* T cell, (5) clonal rearrangements
of the TCR genes during dasatinib therapy.

The relationship between favorable response and LGL
lymphocytosis

LGL lymphocytosis during dasatinib treatment may be
correlated with favorable response, as shown in Table 2. In
some dasatinib-treated patients, LGL* patients showed higher
response rates than did LGL~ patients. Nagata et al.”” reported
8 (89%) of 9 patients with LGL lymphocytosis achieved MR,
while only 6 (55%) of 11 patients without LGL lymphocytosis
eventually achieved MR. Kim et al.'® also reported 8 patients
with LGL lymphocytosis achieved major molecular response
(MMR). There were similarly results in the articles of Tanaka
et al.” and Lee et al.* (Table 2). These results suggest that the
LGL" patients may achieve more favorable molecular responses,
as compared with the LGL~ patients.

In a phase II clinical trial involving 46 patients with Ph* ALL,
survival was better in LGL* patients than in LGL~ patients.”
Median progression free survival (PES) was 2.7 mo in LGL-
patients, whereas no median PFS was reached in LGL* patients
during 24 mo follow-up time. Similarly overall survival (OS)
was superior in LGL* patients compared with LGL~ patients (no
median time reached vs. 5.8 mo, respectively). The prognosis
of Ph* ALL or advanced CML relapse after allogeneic stem cell
transplantation is often extremely poor, but eight such heavily
relapsed patients achieved complete molecular response (CMR)
with dasatinib in conjunction with LGL lymphocytosis. Three
of these patients were still in CMR after >18 mo of treatment.”
The median time from therapy to favorable response was shorter
in LGL* patients than that in LGL- patients (5 mo vs. 6 mo,
respectively).”

The possible hypothesis to account for the favorable responses
is that dasatinib-induced LGLs may have potential to exert
immune-associated anti-leukemia effects in vivo. By performing
NK cell cytotoxicity testing of 'Cr release assays, the NK cell
cytotoxicity in LGL* patients superior to that in LGL~ patients
and normal healthy donors."® When NK cells were pretreated for
24 h and the functional assays were performed after dasatinib
was washed out, an amplification of cytokine production,
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Table 3. The relationship between PE and LGL lymphocytosis
PE

Reference
LGL* LGL-

Mustjoki et al.” 13/22 (59%) NR

Nagata et al."” 5/9 (56%) 3/11 (27%)
Tanaka et al." 9/15 (60%) 2/10 (20%)

Lee etal.” 5/23 (22%) 6/27 (22%)
Powers et al.?? 3/5 (60%) 2/11 (18%)

PE, pleural effusions; NR, not reported.

degranulation, and partial kill rates against different target cell
lines were observed.>® Another possible hypothesis to account for
the favorable responses is that dasatinib has potential to reduce
the number of CD4*CD25*FOXP3* regulatory T cells (Tregs) in
both PB and BM, which are negatively regulating other immune
cells, and that this reduction of Tregs were more substantially
observed in LGL* patients as compared with LGL~ patients.’?!
Third, in LGL* patients the level of IP-10, IL-6, MIG, and
IL-2R were increased, and these cytokines/chemokines could
contribute to improved therapeutic responses because they direct
the chemotaxis of monocytes, T cells, NK cells, and dendritic
cells.?* Such chemotactic effects have been shown to be relevant
for leukemia control. Taken together, these changes may boost
the immune system and in the long-term lead to enhanced
antitumor immunity and contribute to favorable responses in
dasatinib-treated patients with LGL lymphocytosis.

Adverse effects associated and laboratory parameters with
LGLs

Dasatinib-related adverse effects were common. Adverse
effects were temporally related to dasatinib therapy and emerged
after the appearance of LGL lymphocytosis. LGL lymphocytosis
are seen in some cases with fevers, colitis, and pleural effusions
(PE), suggesting an aberrant immune response mediated by
these cytotoxic cells. Initial attention was focused on off-
target inhibition of tyrosine kinase, but TKI-induced immune
deregulation has been suggested as a possible cause of adverse
effects.

PE

In most recent reports, LGL lymphocytosis has been reported
to be associated with PE in patients treated with dasatinib.
Drug-induced PE is an uncommon occurrence that has been
linked to a relatively limited number of drugs.*® Fluid retention
resulting in anasarca, pleural, or pericardial effusion, or ascites
has been reported rarely with imatinib.* Recently, some studies
have suggested that PE induced by dasatinib may be immune
mediated.”% Mustjoki et al.’” reported a possible relationship
between the expansion of LGLs and PE. During follow-up
of leukocyte counts in 20 consecutive patients treated with
dasatinib, LGL lymphocytosis was observed in 9 patients, and
PE occurred in 8 patients. Five patients (25%) developed both PE
and LGL lymphocytosis during dasatinib therapy.

Although the precise mechanism of dasatinib-induced PE is
not completely elucidated, it may be mediated by LGLs. First,
lymphocytes were observed in pleural fluid samples and the
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majority of lymphocytes were CD3*CD8*CD57* T cells and
no leukemic cells were detected.”® By TCR gene rearrangement
analysis, an identical T cell clone was observed both in PB and in
pleural fluid. Second, LGL lymphocytosis appearance proceeded
to PE, which was shown in all patients who developed PE by
Nagata et al."” Approximately one month after LGL appearance
all patients developed PE. During dasatinib therapy, 11 of 13
patients who developed PE had LGL lymphocytosis before.
The median interval from starting dasatinib to either LGL
lymphocytosis or PE was 1 mo (range 1-8 mo) and 3.5 mo (range
2-24 mo), respectively, and LGL lymphocytosis preceded PE.”
Third, PE was more commonly observed in LGL* patients than
in LGL- patients (see Table 3). Three (27%) of 11 LGL" patients
developed PE, while 5 (56%) of 9 LGL* patients developed PE."
In another report, PE were observed in 9 of 15 LGL* patients
(60%), and 2 of 10 LGL~ patients (20%)."” Lastly, the mean
number of LGLs was higher in patients with PE than in those
without PE. Among patients with PE, the mean peak number
of LGL was 9.2 x 10°/L, which was much higher than the mean
peak number (4.6 x 10°/L) of LGL in patients without PE.”

Dasatinib had a clinically significant direct effect on the
lymphocytes, resulting in rapid lymphocyte mobilization,
rapid lymphocyte
mobilization and activation may explain the pathogenesis of
PE.?” CD8* T cells isolated from patients with LGL expansion
had increased cytotoxicity against pulmonary non-transformed
endothelial cells, which may lead to the formation of PE.?
Therefore, there might be a tendency for LGL* patients to have
an influence on the development of PE.

The characteristic of LGL-related PE: (1) Pleural fluid
analysis showed the majority of the cells were CD3*CD8*CD57*
T cells; (2) LGL appearance proceeded to PE; (3) PE was more
commonly observed in LGL* patients than in LGL- patients; (4)
The mean number of LGLs was higher in patients with PE than
in those without PE.

The management of PE includes transient dose reduction or
stopping dasatinib treatment and reintroducing the treatment
with caution at a lower dose after PE have been resolved. Steroid
may assist in management, but treatment with diuretics is likely
to be ineffective because an immune-mediated mechanism
is suspected. Insertion of a chest tube is attempted to control
frequent exacerbations of PE that are resistant to noninvasive
treatments.

Pulmonary artery hypertension (PAH)

More recently, there have been reports of PAH developing
in patients receiving long-term therapy with dasatinib.”** PAH
is also associated with lymphoproliferative diseases, and lung
biopsies performed in some of these cases revealed infiltration
of lung parenchyma with LGLs.*® Dasatinib can induce LGL
proliferation and LGLs have acquired the ability to directly
lyse endothelial cells,* which maybe one mechanism leading to
PAH. Powers et al.?* revealed significant increases in endothelial
cytotoxicity in LGL* patients compared with results in LGL-
patients during dasatinib therapy. They assayed CD8* T-cell
cytotoxicity against CRL2598 cells, a human pulmonary artery
endothelial cell line in 4 dasatinib-treated patients and got this

activation, and transmigration. The
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result. It has been previously demonstrated that the CRL2598 cell
line is resistant to allogeneic NK cell cytotoxicity, yet susceptible
to lysis by autoreactive LGL cells.?

The plasma levels of PDGEF-BB, a known LGL survival
signal, were particularly high in LGL* patients.”? Tajsic and
Morrell documented that the PDGF-BB homodimer potently
stimulates pulmonary arterial smooth muscle cell proliferation
and remodeling.” We assumed that serum levels of PDGF-BB
may play an important role in contributing to the development of
PAH in LGL* patients.

Colitis and pleuritis

Patients who developed LGL lymphocytosis had an increased
risk of developing colitis and pleuritis. In most recent reports,
LGLs have been reported to be associated with colitis or pleuritis
in patients treated with dasatinib. Mustjoki et al.” found colitis
and pleuritis were common in LGL* patients (18 of 22) and were
preceded by LGL lymphocytosis, and none of the control patients
had pleuritis or colitis during dasatinib therapy. Eleven of 22 of
patients had colitis, and in 10 of 11 patients LGL lymphocytosis
had been detected before the development of colitis; eight patients
without LGL lymphocytosis during dasatinib treatment did
not encountered colitis or pleuritis.” Accumulation of identical
cytotoxic T cells with the same phenotype was also detected in
colon biopsy samples. Immunohistochemistry was performed
from colonoscopy biopsies of two patients with severe colitis
during dasatinib therapy and colon biopsies showed submucosal
infiltration of cytotoxic CD3*CD8* T cells.” In another report,
it was demonstrated that dasatinib-induced LGLs were cytotoxic
to endothelial cells, and this may explain the association with
development of pleuritis.?* LGL lymphocytosis preceded in most
patients the occurrence of pleuritis and colitis implying a temporal
relationship. As far as we know, no clonal LGL proliferation has
been reported in the literature with colitis or pleuritis caused by
other factors.

Decrease of Tregs

It has been shown that there is a decrease in Tregs in
dasatinib-treated patients developing LGL lymphocytosis. LGL*
patients exhibited substantially lower Tregs level compared with
LGL- patients. Compared with healthy controls (z = 15) or to
LGL- patients (7 = 6), the LGL* patients (7 = 7) had significantly
lower percentage of Tregs in PB (median 5.1%, 4.3%, 1.9%,
respectively, P < 0.001).” LGL* patients had the lowest Tregs’
level, suggesting that Treg-mediated regulatory mechanisms may
be compromised.

The elevated cytokine/chemokine levels

Plasma IP-10 (CXCL10), IL-6, MIG (CXCL9), and IL-2R
levels increased in LGL* patients treated with dasatinib. Plasma
levels of 25 cytokines were measured in healthy controls (7 =
10), LGL* patients (7 = 15), and LGL~ patients (z = 8) during
dasatinib therapy. Significantly elevated levels of IP-10, IL-6,
MIG, and IL-2R were present in the plasma of patients with
LGL expansions compared with healthy controls.** The elevated
cytokine/chemokine levels in LGL* patients could therefore
indicate a higher degree of viral antigen-driven cellular immune
activation enhanced by an intrinsic dysregulation of homeostasis.
Consistent with these ideas, highest levels of IP-10, IL-6,

www.landesbioscience.com

Preexisting
LGL
clone

antigens ~ ' hemokines

) Tanscrip
G‘i?et!c tional
mechanism factors

Reduction
of Tregs

Figure 1. The pathogenesis of LGL lymphocytosis during dasatinib
therapy.

MIG, and IL-2R were observed in the plasma of LGL* patients
with symptomatic CMV reactivation.*

Thrombocytopenia

Thrombocytopenia was observed more commonly in the
LGL- group, as compared with the LGL* group, and there was
statistical significance (41% vs. 9%, respectively; P = 0.010).%
Thrombopenia has been related to LGL proliferation and the
reason for this has been unclear.

Etiopathogenesis

Whatare the origins of LGLs, and how are these cells activated?
Recently, several in vitro studies have indicated profound
inhibitory effects of dasatinib on T- and NK-cell activation and
proliferation.?* The putative in vivo immunomodulatory effects
of dasatinib have thus far not been explored. The pathogenesis of
LGL lymphocytosis, although not properly elucidated thus far,
seems to be multifactorial (Fig. 1).

Cellular mechanisms underlying the proliferation of clonal
LGLs

Dasatinib and other tyrosine kinase inhibitors exert
immunosuppressive effects on T cellsand NK cells in vitro. #4244
It has been well demonstrated that Tregs potently suppress anti-
self and anti-leukemic immune responses.”® Tregs that normally
stem the expansion of autoreactive T effector cells, and decreased
percentage of Tregs may enhance the expansion of the T cell
clones. Dasatinib has potential to reduce the number of Tregs,
and this reduction of Tregs was more substantially observed in
LGL* patients as compared with LGL" patients.?? Dasatinib have
a greater impact on the number of Tregs, skewing the balance of
T cell suppression toward activation and proliferation and leads
to the proliferation of clonal LGLs.

Molecular mechanism underlying the proliferation of clonal
LGLs

Many survival factors considered necessary for LGL survival
and expansion. Recent efforts in bioinformatics and literature
compilation have verified IL-15 transpresentation, PDGF-BB
signaling, NFkB and T-bet activation as critical factors in the
survival and expansion of leukemic LGLs.”' Although the LGL
expansions do not persist after discontinuation of therapy and
therefore cannot be considered LGL leukemia, similar survival
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factors may be transiently induced by certain TKIs. In one study,
the LGL clonal expansions accompanied the increased IL-15
transpresentation and plasma levels of PDGF-BB, NFkB, and
T-bet signaling.?> The plasma levels of PDGF-BB, a known LGL
survival signal, were particularly high (2000-3000 pg/ml) in
LGL" patients.”? Increased plasma levels of PDGE-BB could be
attributed to inhibition of kinases involved in PDGF receptor
(PDGFR) a/f phosphorylation. IL-15 transpresentation was
increased in LGL* patients.*? Increased IL-15 transpresentation is
responsible for eliciting oligoclonal lymphocyte expansions and
this result is due to the well-known NK and T cell stimulatory
activity of IL-15 signaling. NFkB and T-bet were constitutively
active in CD8* T lymphocytes from dasatinib-treated patients.*?
IL-15 is a direct transcriptional target of NFkB, and IL-15
transpresentation indirectly confirm NFkB activation. Serum
IL-2 has been shown to inversely correlate with T-bet activation
in the context of LGL leukemia, and IL-2 levels were generally
lower in patients treated with dasatinib.?* Many factors were
considered necessary for clonal LGL expansion, which should be
considered a starting point for future research and high-power
association studies.

At present, there are only a few transcription factors that are
known to play an essential role in NK cell development, such
as T-box proteins, T-bet, and Eomesodermin (Eomes).”*
Dasatinib could promote the proliferation of NK cells from cord
blood under the condition of IL-2 and IL-15 stimulation through
increased expression of transcription factors such as Eomes.
After a 7-d culture of umbilical cord blood cells, the absolute
number of NK cells had significantly increased in the culture
with dasatinib compared with the culture with cytokines only.
By analyzing the transcriptional factors Eomes and T-bet, NK
cells showed increased expression of Eomes and T-bet compared
with the expression in whole cord blood cells.”® This observation
may have potentially important implication for the treatment of
other diseases with dasatinib.’

Viral antigens relating with expansion of LGLs

A hypothesis was proposed that CMV reactivation was
first triggered in the patients treated with dasatinib by its
immunosuppressive effects, subsequently leading to the
preferential expansion of LGLs.** The expansion of LGLs is
common during a primary immune response against viral
antigens. Some viruses, such as CMV are relates with expansion
of LGLs. CMV-infection status during dasatinib treatments
was assessed by serum CMV-IgG levels, serum CMV-IgM
levels, and “CMYV antigen test TEIJIN C7-HRP,” which can
detect CMV pp65 antigen in leukocytes.””® The CMV-IgG
seropositivity does not necessarily represent recent CMV
reactivation. The CMV-IgG seropositivity indicates that the
person was infected with CMV at some time during their life.
CMV-seropositive patients had a higher median lymphocyte
counts at lh compared with CMV-negative patients (4.8 vs.
2.0 x 10°/L, P = 0.016).”” Another report demonstrated that
15 of 16 patients with expansion of LGL were CMV-IgG
seropositive, whereas only 3 of 9 patients without expansion
of LGL were CMV-IgG seropositive.*> They also reported
that 5 of 16 (31%) patients with expansion of LGLs, while
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0 of 9 (0%) patients without expansion of LGLs, experienced
symptomatic CMV reactivations by PCR-based assay to detect
CMYV DNA in plasma samples during dasatinib therapy.?? The
use of dasatinib can results in immunosuppression, and CMV
reactivation is triggered by this effects, subsequently leading to
monoclonal or oligoclonal LGL expansions. The observation
that LGL expansions in dasatinib-treated patients are associated
with CMV reactivation provides additional insight into these
seemingly contradictory observations.

A potential association was observed between positive CM V-
IgG serology and clonal TCR rearrangements because more than
90% of patients with clonal TCR rearrangements were CM V-
IgG seropositive, whereas only 2 of 6 patients without clonal
TCR rearrangements were CMV-IgG seropositive. However,
some researchers also reported that dasatinib treatments did
not increase opportunistic infections including CMV by
retrospective analysis of 1150 patients.”” In one report, CMV
C7-HRP tests were negative in all patients and serum CMV-
IgM antibodies were positive in only 2 of 25 patients without
symptom of infection.”” Although the number of the patients in
this study was relatively limited, the results suggest that CMV
reactivation during dasatinib treatment was uncommon. These
results indicate that most of the patients have clinical histories of
CMYV infection throughout their lives, but it is unlikely that they
caught recent infection or recent reactivation of CMV. Whether
CMYV is related with LGL lymphocytosis, additional studies are
warranted to address the role of CMV in the pathogenesis of LGL
lymphocytosis.

The expansion of LGLs

Dasatinib-associated LGL lymphoproliferation is an expansion
of preexisting CD8* T or NK cells clones. These monoclonal or
oligoclonal CD8* T or NK cells already existed at the time of
diagnosis, and the dasatinib-treated patients showed marked
expansion of these clone during therapy whereas imatinib-treated
patients did not. Thus, dasatinib does not induce these clones,
but rather appears to promote their preferential expansion.
Dasatinib has immunostimulatory effects in the form of LGL
lymphocytosis in a proportion of patients. It has been reported
that these clonal T cell and NK cells already existed in over
80% (15 of 18) of patients with CML at the time of diagnosis,
and that dasatinib-treated patients showed expansion of their
pre-existing clones during the therapy.'® Furthermore, during
dasatinib therapy, 59% of the patients with clonal TCR /8
rearrangements were negative for Ber-Abl transcripts in blood by
RQ-PCR, and in five patients also high-resolution FISH analysis
was performed and no Ph* cells could be detected. Thus, it can
be concluded that the detected clonal LGLs did not belong to the
malignant Ph* clone."

Precise mechanism of the existence of these cells in CML
patients at the time of diagnosis and the proliferation of these
clonal cells by dasatinib treatments is still in vague. However,
it is postulated that the proliferation of these cells is probably
related to the off-target kinase inhibitory effects mediated by
dasatinib. One hypothesis is that dasatinib could directly activate
or modulate the proliferation and function of NK cells. The
pre-existing clonal T or NK cells probably expand by dasatinib
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through inhibition of tyrosine kinases, and several subtypes of
Src family kinases such as Fyn or Lck,%-% which are known to
be involved in the regulation or activation of NK cells. Up to
now, the phenomenon of LGL-increase has not been reported
in patients treated with imatinib or nilotinib which cannot
inhibit Src family kinases. These findings imply that there is
a preexisting clone for lymphocytes that might be activated by
dasatinib through an activating mechanism, such as the Src
kinase-mediated pathway.

Another potential mechanism for the pathogenesis of LGLs
concerns dasatinib-mediated restoration of the functions or
proliferative capacities of NK cells. Malignant CML cells have a
capacity to produce reactive oxygen species, the main inhibitory
mediator toward NK cells.* NK cells from CML patients are
profoundly defective in NK cell activity® and NK cell numbers
decrease as the disease progresses to the advanced phase.*
Nakajima et al.¥ concluded that the Bcr-Abl transgene causes
abnormal NK cell differentiation, and it is possible that dasatinib
therapy could reduce Ber-Abl transcription and restore NK cell
numbers and/or functions.

Genetic mechanism associated with the expansion of LGLs

In speculation though, the expansion of LGLs during
dasatinib therapy might also be associated with HLA-A*02. This
might explain the existence of some patients who did not show
LGL-increase during dasatinib therapy.?> Whether patients with
HLA-A*02 are actually associated with LGL lymphocytosis or
not, this could be one of the important issues to be clarified, and
racial differences may exist in terms of LGL lymphocytosis and
clinical effectiveness by dasatinib treatments.

It is tempting to speculate that crossreactive CD8* T cells*!
driven by viral recrudescence and fortuitously targeting leukemia-
associated antigens, might mediate these beneficial effects. In
this light, it is notable that the majority of LGL patients (11/16)
in this study were HLA-A*02, which might restrict both virus-
specific and leukemia-associated antigen-specific epitopes in this
setting. Previous descriptions of improved survival associated
with HLA-A*02 and CMV IgG seropositivity in the allogeneic
transplantation setting are consistent with this notion.?

However, the current study showed the somewhat paradoxical
finding that blockade of Src kinases by dasatinib could
deregulate or modulate NK or NK/T-cell activation, and that it
enhances NK or NK/T-cell proliferation and/or activation, thus
modulating LGLs to attack CML stem cells. It still needs to be
fully clarified whether the effect of dasatinib on NK or NK/T-
cell proliferation or activation is mediated via Src kinase or other
unknown potential pathways involved in the proliferation and

differentiation of NK or NK/T cells.
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