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the LGL− group. The proportion of regulatory T cells to 
CD4+ T cells at diagnosis was lower in the LGL+  com-
pared with the LGL− group (median 4.2 vs. 6.6  %), and 
this disparity was sustained throughout the therapeutic 
period. These results demonstrate that immunological con-
dition at diagnosis may affect LGL lymphocytosis in some 
dasatinib-treated patients.

Keywords  Dasatinib · LGL · Clonality · Regulatory T 
cell

Introduction

Tyrosine kinase inhibitors (TKIs) are the standard ther-
apy for chronic myeloid leukemia (CML) and Philadel-
phia chromosome-positive acute lymphoblastic leukemia 
(Ph+  ALL). A first-generation TKI, imatinib was devel-
oped and has been clinically used from the beginning of 
the 21st century, and has shown excellent clinical outcomes 
for these patients [1]. Dasatinib and nilotinib are called as 
second-generation TKI, harboring more potent inhibitory 
effects for target kinase (ABL). Nilotinib exhibits highly 
selective inhibition for ABL [2], whereas dasatinib exhib-
its potent inhibition of ABL, as well as inhibition of mul-
tiple kinases, i.e., SRC or TEC [3, 4]. These second-gen-
eration TKIs have further improved the clinical outcomes 
for newly diagnosed CML patients in addition to imatinib-
resistant/intolerant patients [5–9].

Among CML or Ph+ ALL cases treated with dasatinib, 
some patients tend to exhibit expansion of large granular 
lymphocytes (LGLs). While patients with LGL lympho-
cytosis tend to exhibit preferable clinical effects, adverse 
effects, such as colitis and pleural effusions, are frequently 
observed [10–12]. LGLs are phenotypically classified into 

Abstract  Dasatinib, a 2nd-generation tyrosine kinase 
inhibitor (TKI), can specifically induce large granular 
lymphocytes (LGL) in some patients with Philadelphia 
chromosome (Ph)-positive leukemia. To investigate the 
properties of the induced LGLs, we performed prospec-
tive and longitudinal analyses. From Feb 2011 to Jan 
2013, a total of 17 patients with Ph-positive leukemia who 
were previously untreated or refractory to imatinib were 
enrolled. T cell receptor (TCR)-γ/δ gene rearrangements 
and phenotypic profiles of lymphocytes were examined 
before and during administration of dasatinib. LGL lym-
phocytosis was observed in half of the dasatinib-treated 
cases (LGL+  group), showing a relation to increased 
achievement of complete cytogenetic response within 
6  months. The phenotypes of the increased lymphocytes 
were revealed to be mostly natural killer cells. In the 
LGL+ group, clonal TCR-γ gene rearrangements were fre-
quently detected at diagnosis (six of nine cases) and per-
sisted during therapy, compared with only two of eight in 
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cytotoxic T cells (CTLs, CD3+  CD8+  CD57+), natural 
killer (NK) cells (CD3− CD56+), natural killer T (NKT) 
cells (CD3+ CD56+), and γδ T cells (CD3+ TCR γ/δ+). 
It was also shown that small numbers of clonal lympho-
cytes already exist at the diagnosis of these diseases, and 
that these populations expand during dasatinib treatment, 
resulting in the characteristic lymphocytosis [13].

Since other TKIs do not exhibit such immunologic 
effects, the multi-kinase inhibitory effects of dasatinib 
might be partly responsible for this immunomodulation; 
however, the detailed mechanism underlying this phenome-
non has not been elucidated. To investigate the modulatory 
influence of dasatinib more precisely, we collected clinical 
samples from patients with Ph+ leukemia at our institutes 
and performed a longitudinal analysis. Samples were col-
lected both at diagnosis and after TKI treatment, lympho-
cyte populations were counted using flow cytometry, and 
the existence of clonal lymphocytes in each sample was 
examined by PCR analysis to detect T cell receptor (TCR) 
γ/δ gene rearrangements. Clinical manifestations, including 
the effectiveness of treatment and adverse events, were also 
analyzed in each patient.

Patients and methods

Patients

From February 2011 to January 2013, seventeen patients with 
Ph+ leukemia (14 patients with CML and three with ALL), 
including 14 previously untreated and 3 that were refractory/
intolerant to the initial TKI therapy, were analyzed. Patients 
with CML received dasatinib and ALL patients were treated 
with combined chemotherapy including dasatinib and con-
ventional drugs. In addition to routine laboratory tests, TCR 
gene rearrangements (TCR-γ/δ) and immunophenotypic fea-
tures using flow cytometer were examined sequentially at 
diagnosis (before treatment), after treatment within 6 months 
(2–5 months) and within 1 year (6–12 months). Patients who 
exhibited apparent emergence of large granular lympho-
cytes (>20 % of the total white blood cell counts) harboring 
more than three azurophilic granules in their cytoplasm were 
defined as LGL positive. This study was conducted in accord-
ance with the principles of the Declaration of Helsinki and 
was approved by the Ethics Review Board of each institute. 
Written informed consent was obtained from each patient 
prior to enrollment.

TCR‑γ/δ rearrangements

TCR-γ and δ gene rearrangements were examined by poly-
merase chain reaction (PCR) analysis, according to the 
EuroClonality/BIOMED-2 standard protocol [14]. PCR 

was performed in a Veriti Thermal Cycler (Life Technolo-
gies, CA, United States). DNA was extracted from each 
patient’s sample using QIAamp Blood Mini Kit (QIAGEN, 
Venlo, Netherlands).

Immunophenotypic analyses

Flow cytometric analyses were performed using FACS-
Calibur™ (BD Biosciences, CA, United States, for meas-
urement of regulatory T cells alone) or FACS CantoII (BD 
Biosciences). In the analysis of regulatory T cells, about 
one hundred thousand peripheral blood mononuclear cells 
(PBMNCs) were stained with the following antibodies; 
anti-CD4 (labeled with PerCP, BD Biosciences), anti-CD25 
(with APC, BD Biosciences), and anti-Foxp3 (with PE, 
eBioSciences, CA, United States). After cell sorting with 
CD4, cells that were double immunopositive for CD25 and 
Foxp3 were counted as regulatory T cells. In other analysis, 
approximately 104 PBMNCs were examined and gated with 
anti-CD45 (labeled with PerCP, BD Biosciences), followed 
by two-color flow cytometry with the following antibodies; 
anti-CD3 (with FITC or PE), CD4 (with FITC), CD8 (with 
PE), CD 16 (with FITC), CD56 (with PE), CD57 (with 
FITC, BD Biosciences) and TCR-γ/δ (wit FITC), TCR-α/β 
(with PE); all antibodies, except the anti-CD57 antibodies, 
were purchased from BECKMAN COULTER (CA, United 
States).

Statistical analysis

All calculations were performed with EZR (modified R 
software, Saitama Medical Center, Jichi Medical Univer-
sity, Saitama, Japan) [15]. Mann–Whitney U and Student’s 
T tests were used for comparison of continuous variables 
between two groups, and Fisher’s exact test was used for 
comparisons of qualitative variables. All p values were 
two-sided and p values <0.05 were considered to be statisti-
cally significant.

Results

More than half of the dasatinib‑treated patients 
exhibited LGL lymphocytosis

The patient characteristics are summarized in Table  1. 
The median age was 59  years (range 21–82  years) and 
71  % (12 of 17 patients) were male. Fourteen patients 
were diagnosed with CML and 3 patients with Ph+ ALL. 
Three patients received dasatinib as salvage therapy after 
becoming resistant to the first TKI, imatinib. All of the 
CML patients were in the chronic phase, even the resist-
ant cases.
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Nine (eight patients with CML, one with ALL) of 17 
patients (53 %) exhibited LGL lymphocytosis, all of which 
emerged within 6  months after drug administration. The 
median lymphocyte counts at 2–5  months after dasatinib 
treatment were 2990/μL (range 1780–4630/μL) and 1340/
μL (range 510–2190/μL) in the LGL (+) and LGL (−) 
groups, respectively (Fig. 1a). Immunophenotypic analyses 
revealed that activated NK cells (CD16+ CD56+ CD57+) 
were increased markedly in 6 patients, whereas CTLs 
(CD3+  CD57+) were increased in one. Two patients 
showed increase in both NK cells and CTLs. No significant 
increases were observed in γ/δ T cells or NKT cells.

The emergence of LGL lymphocytosis tends to exhibit 
better clinical response

From the clinical perspective, patients with CML harbor-
ing LGL lymphocytosis tended to exhibit a better clinical 
response. Among the 14 dasatinib-treated CML patients, 
eight exhibited LGL lymphocytosis, all of whom achieved 
a complete cytogenetic response (CCyR) and 2 patients 
achieved major molecular response (MMR) within 
6 months, whereas only 4 of 6 patients exhibited CCyR and 
no one showed MMR within the same period in the LGL 
(−) group. Pleural effusions, which correlated with the 
emergence of LGL in dasatinib-treated patients, were seen 
in 5, and all of them exhibited LGL lymphocytosis. While 

some of them were forced to reduce the dosage of dasatinib 
due to the adverse events, LGL lymphocytosis persisted 
during the therapy. In the LGL (−) group, only one patient 
exhibited pleural effusion (Table 1, Pt 2).

A lower proportion of Treg to CD4+ T cells at diagnosis 
possibly correlated with LGL lymphocytosis

To elucidate the mechanism underlying the LGL prolifera-
tion, we focused on the immunoprofiles of patients with 
Ph+ leukemia. NK cells, CTLs, γ/δ T cells, and regulatory 
T cells in peripheral blood were counted by flow cytometric 
analysis pre- and post-TKI therapy. As noted above, LGLs 
in dasatinib-treated patients were mostly composed of NK 
cells; thus, NK cells were increased significantly post-
dasatinib therapy [at 2–5 months from the therapy, median 
with range, 972 (213–2579) cells/µL in the LGL (+) 
group, and 270 (37–576) cells/µL in the LGL (−) group, 
p =  0.003, Fig.  1b]. CTL counts at 2–5  months showed 
same significant difference [445 (151–807) cells/µL in the 
LGL (+), 149 (30–471) cells/µL in the LGL (−) group, 
p = 0.01, Fig. 1c], but the difference was not attributed to 
the increase of CTLs in LGL (+) group. Rather, sustained 
lower counts in LGL (−) group from pre-treatment state 
seemed to be responsible for the difference, as shown in 
Fig. 1c. By contrast, no difference was observed in NK cell 
counts between the LGL (+) and LGL (−) groups at the 

Fig. 1   Median counts of the 
lymphocyte populations (a total, 
b NK cells, c CTLs, d γδTcells) 
at each time point. Each bar 
represents the upper interquar-
tile range, and asterisks indicate 
that the change is statistically 
significant (p < 0.05)
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pre-therapy evaluation. The γ/δ T cell counts were gener-
ally low, with no significant difference between pre- and 
post-TKI therapy (Fig. 1d).

Regulatory T cells (Treg) exhibited properties similar 
to the CTLs. The proportion of Treg to CD4+ T cells was 
lower in the LGL (+) group (median with range, 4.4  % 
(3.5–10.4  %) compared with the LGL (−) group [6.6  % 
(1.2–13.2  %) at diagnosis, and this disparity was main-
tained during the 2- to 5-month follow-up period [4.0 % in 
the LGL (+) vs. 5.9 % in the LGL (−) group, p = 0.14]; 
although this difference was not significant (Fig. 2).

Similar TCR‑γ/δ gene rearrangement patterns were 
consistently maintained before and after TKI therapy 
in the LGL (+) group

We next checked whether clonal lymphocytes were 
detected in those patients. TCR γ or δ gene rearrangements 
were investigated by PCR analysis, and clonality was 
defined as an area under a single peak, >30 % of the whole 
area under the curve. At the time of diagnosis, 8 and 4 out 
of 17 patients exhibited clonal TCR γ gene and TCR δ gene 
rearrangements, respectively. We previously examined the 
frequency of clonal TCR gene rearrangements, using the 
same method, in healthy volunteers and in patients with 
hematological malignancies, such as multiple myeloma. 
While approximately half of the myeloma patients (62.5 % 
for TCR γ gene, 50  % for TCR δ gene) exhibited clonal 
lymphocyte populations, only one of 7 healthy volunteers 
exhibited TCR gene clonality (data not shown).

Next, we compared the pattern of clonal TCR gene rear-
rangements between the LGL (+) and LGL (−) groups. In 
the LGL (+) group, 66.7 % (6 of 9) of the patients exhib-
ited clonal TCR γ gene rearrangements at diagnosis, and 
the same clonal peaks were consistently detected during 
the follow-up, as confirmed by identical direct sequencing 
findings. On the other hand, only 25 % (2 of 8) patients in 
the LGL (−) group exhibited TCR γ gene clonality at diag-
nosis, and a shift of the clonal peak was observed in one 
patient; thus, only one patient continued to exhibit the same 
clonal peaks (Fig. 3). At follow-up (at 2–5 months), clonal 
TCR γ rearrangements were more frequently detected in 
both LGL (+) and LGL (−) groups, increasing to 77.8 
and 50.0 %, respectively (Table 2). With respect to TCR δ 
gene rearrangements, the number of patients who exhibited 
a clonal peak increased throughout the course of therapy 
[11.1 % at diagnosis and 55.6 % at follow-up in the LGL 
(+), 37.5  % and 50  % in the LGL (−) group]; however, 
no significant difference was observed between the groups 
(Table 2).

Since LGL lymphocytosis during dasatinib treatment 
was reported to have possible relationship to cytomegalo-
virus (CMV) reactivation [16], we also examined the state 

of CMV reactivation using PCR amplification for the major 
immediate-early region of the viral genome [17] in all of 
our series of patients at the timing of first follow-up period 
(2–5  months), but none of the patients with LGL lym-
phocytosis and only one patient without LGL lymphocy-
tosis showed significant increase of CMV-DNA (data not 
shown).

Discussion

The clinical outcomes of CML have improved dramati-
cally through the development and incorporation of TKI 
into our therapeutic modality [1, 5, 6]. Second-generation 
TKIs, especially dasatinib, not only show potent inhibitory 
effects for the target kinase (ABL), but also possess many 
off-target effects, which could be responsible for the differ-
ent properties and adverse event profiles of each TKI [3, 
4]. Among these, the immunomodulatory effects of dasat-
inib have been of principal interest and the subject of vigor-
ous investigation as the effects might directly influence the 
clinical outcome [13, 18–20].

Mustjoki et al. [10] first reported the incidence of LGL 
proliferation during dasatinib therapy and the correlation 
with better clinical outcomes. Furthermore, Kim et al. [11] 
also reported the characteristic action of this agent. This 
lymphocytosis did not occur during treatment with other 
TKIs, imatinib, or nilotinib. To date, while the mechanism 
and the target(s) responsible for this phenomenon have 
been investigated, little has yet to be revealed. Resistance 
and intolerance continue to be serious problems in CML 
patients treated with TKIs and directly lead to unsatis-
factory outcomes. Therefore, understanding the mecha-
nism underlying lymphocytosis and targeting this immu-
nomodulatory effect will be important in the development 
of a more effective and risk-free therapeutic strategy for 

Fig. 2   Ratio of Tregs to the total CD4+ cells at each time point. The 
round and triangle dots represent the individual ratio in the LGL+ 
and LGL− groups, respectively, and the solid and dashed bar shows 
the median ratio of the LGL+ and LGL− groups, respectively
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Ph+  leukemia. In our data, more than half of the patients 
with Ph+ leukemia who were treated with dasatinib exhib-
ited LGL lymphocytosis. The incidence of LGL lympho-
cytosis in dasatinib-treated patients was similar to previous 
studies, and as previously reported, these patients tended 
to exhibit better clinical responses. A higher incidence of 
adverse events, i.e., pleural effusions, was also observed in 
our series of patients with LGL.

While LGLs are defined by morphological features, 
immunologically, they are composed of activated CTLs, 
NK cells, NKT cells, and γδ T cells, and the proportions 
have been reported to be quite different between studies 
[10–12, 21, 22]. In our study, almost all of our patients 
showed NK cell lymphocytosis and activated CTLs were 
increased in a few patients. The mechanism responsible for 
LGL lymphocytosis has not been elucidated precisely, but 

multiple factors including cytokine levels and the regula-
tion of interacting lymphocytes, i.e., regulatory T cells, 
have been reported [10, 18, 19]. Regulatory T cells are key 
regulators of the adapted immune system and are closely 
correlated with tumor immunity, and could therefore be one 
of the main targets for cancer immunotherapy [23]. Local 
accumulation of Tregs in malignant tissue or a higher pro-
portion of Tregs in peripheral blood has been reported in 
a variety of tumors from different tissues and organs, and 
these higher Treg activities have been associated with poor 
clinical outcomes [24–26]. Mustjoki et  al. [10] revealed 
that dasatinib-treated patients with LGL lymphocytosis 
exhibited a lower proportion of Tregs in peripheral blood, 
and others examined the differences of Treg ratios among 
TKIs, with conflicting results [18, 20]. In our study, there 
were no differences in the proportion of Treg cells between 
dasatinib-treated patients and patients treated with other 
TKIs. However, in comparison between the LGL (+) and 
LGL (−) groups, there were different immunological pro-
files, including the proportion of Tregs. We observed a 
lower proportion of Tregs among the CD4+ T cells at the 
diagnosis of disease in those patients subsequently exhib-
iting LGL lymphocytosis, and the lower proportion was 
retained for a substantial period of time during dasatinib 
treatment. The current results indicate that immunological 
condition prior to treatment might be one of the important 
factors in the development of LGL lymphocytosis at a later 

Fig. 3   Results of TCR γ 
gene rearrangement. TCR γ 
gene rearrangement data at 
diagnosis (left) and during 
(right) dasatinib therapy (after 
2–5 months), respectively. a In 
patient 13 (LGL+ group), the 
same pattern and clonal peaks 
of the TCR repertoire were 
obtained, whereas b in patient 2 
(LGL− group) different peaks 
were detected before and during 
dasatinib treatment. Set a or b 
represents primer sets for ampli-
fication within the gene

Table 2   Patient number/percentage of positive clonal TCR gene rear-
rangements among the LGL + and LGL− group

Clonal TCR gene rearrangement

γ gene δ gene

LGL+ LGL− LGL+ LGL−

At diag. 6/9 (67 %) 2/8 (25 %) 1/9 (11 %) 3/8 (37.5 %)

Post-TKI 7/9 (78 %) 4/8 (50 %) 5/9 (56 %) 4/8 (50 %)
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point. Dasatinib may also have additional effects to main-
tain lower activity of Tregs, although the detailed mecha-
nisms have not been elucidated.

In addition to the lower proportion of Tregs, mono/oligo-
clonal lymphocytes were also detected in most patients 
with Ph +  leukemia at diagnosis, and a disparate pattern 
was observed between the LGL (+) and (−) groups. Previ-
ous studies have reported the existence of clonal lympho-
cytes before therapy and those clones were restricted not 
only to cytotoxic T cells but also to NK cells and γδ T cells 
[11, 13]. Our results were different from the previous data 
on a few points. First, we observed clonal TCR γ gene rear-
rangements more frequently at diagnosis, whereas the pre-
vious data mainly showed TCR δ gene rearrangements in 
the LGL (+) group. Second, we detected identical clones 
pre- and post- TKI therapy, which were confirmed by PCR 
and direct sequencing of the clonal bands, compared with 
the detection of few different clones in the previous studies.

We used PCR analysis of TCR gene rearrangements 
to identify mono-/oligo-clonal lymphocytes. Clonal lym-
phocytes with the same TCR gene rearrangements were 
seldom detected in healthy individuals. However, patients 
with hematological malignancies often possess such clonal 
lymphocytes that do not originate from malignant cells. For 
example, patients with multiple myeloma and Waldenstrom 
macroglobulinemia exhibited clonal expansion of CTLs 
at diagnosis. These cells were considered to be associated 
with tumor-specific antigens, although the clinical influ-
ences were not determined [27, 28].

We frequently detected TCR γ gene rearrangements in 
patients with LGL lymphocytosis, and the LGL popula-
tions were mainly composed of NK cells. As TCR γ gene 
rearrangements were theoretically detected in T cells and not 
NK cells (in case of the TCR δ gene, NK cells could show 
positive results) [14], those clonal lymphocytes would not 
likely be derived from LGL, although sorting of the lympho-
cyte populations responsible for TCR gene rearrangements 
was not performed. Senior individuals often exhibit positive 
results with TCR gene rearrangements, likely due to the pre-
vious incidence of infectious disease and a decline in thymic 
function [29, 30]. Kreutzman et  al. [16] posited the asso-
ciation of LGL lymphocytosis with dasatinib treatment and 
cytomegalovirus (CMV) reactivation; however, our results 
did not show any correlation with lymphocytosis and CMV.

Considering the various factors together, clonal T lympho-
cytes that exist before TKI therapy are not considered specific 
for malignant cells or viruses, and such lymphocytes would 
occur as a result of several immunological changes induced 
by tumorigenesis. There is a possibility that the lower ratio of 
Tregs may be one of the responsible factors for such changes.

TKIs are oral drugs that are generally considered toler-
able except for those patients with severe adverse events. 
However, these drugs are costly and require continuous use 

for the lifetime. Recently, trials to terminate administration 
TKIs have been recruiting to explore the possibility of cure 
with CML. Among the published data, the first-generation 
TKI, imatinib, was mainly attempted, resulting in a long-
term event-free survival for approximately 40  % of CML 
patients [31]. Dasatinib has more potent efficacy to inhibit 
the target, tyrosine kinase, and might have some additional 
effects in enhancing the immune response including tumor 
immunity. Several studies investigating the effects of inter-
feron-alpha (IFN-α), a standard drug for CML before the 
era of TKI, revealed that the immunological effects of IFN 
would induce a durable clinical response with a deeper and 
longer duration, any longer than imatinib despite the lower 
response rate [32, 33]. Thus, an improvement in clinical 
results would be expected when dasatinib was used in TKI 
stopping trials. Moreover, if we could predict immunological 
responses to dasatinib, such as higher LGL lymphocytosis, 
in patients harboring fewer Tregs, we might be able to distin-
guish patients curable (being able to stop TKIs) or not. In our 
series of patients, among 5 showing both clonal TCR γ gene 
rearrangements and lower Treg ratio than median at diagno-
sis, 4 (80 %) eventually showed LGL lymphocytosis during 
dasatinib administration, and this frequency was relatively 
higher than that in other patients (5 of 12 patients, 42 %).

In conclusion, we found that proliferation of LGL was not 
only caused by dasatinib use, but was also associated with 
immunological condition at diagnosis, which was modified 
by leukemia. The lower proportion of Tregs or clonal lym-
phocytes detected by TCR γ gene rearrangements might 
be among the predictable factors for LGL lymphocytosis 
when receiving dasatinib as a treatment. The most important 
limitation is the scale of this study. It would be too small to 
obtain significant differences and results. Larger scale stud-
ies to ascertain our results must be required to resolve sev-
eral debatable problems including existence of ethnic differ-
ences and the proper immunological target of proliferated 
lymphocytes.
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