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Introduction 

1. Introduction 
 
1.1  Chronic myeloid leukemia    
Chronic myeloid leukemia (CML) is a hematopoietic disorder characterized by 

the malignant expansion of bone marrow stem cells. Its cytogenetic hallmark is 

a reciprocal t(9;22)(q34;q11) chromosomal translocation that creates a 

derivative 9q+ and a small 22q–, known as the Philadelphia (Ph) chromosome 

(Rowley et al. 1973, Melo et al. 2003) which harbors the Breakpoint cluster 

region-Abelson (BCR-ABL) fusion gene.      
Research in the past two decades has established that BCR-ABL is causal to 

the pathogenesis of CML, and that constitutive tyrosine kinase activity is 

central to capacity of BCR-ABL to transform hematopoietic cells in vitro and in 

vivo (Daley et al. 1990, Lugo et al. 1990). The activation of multiple signal 

transduction pathways in BCR-ABL transformed cells leads to increased 

proliferation, reduced growth-factor dependence and apoptosis, and perturbed 

interaction with extracellular matrix and stroma. It is thought that the 

expression of BCR-ABL endows a pluripotent hematopoietic progenitor cell 

and/or its progeny with a growth and survival advantage over normal cells, 

which in time leads to the clinical manifestation of CML. The fact that it proved 

difficult to identify “essential” components downstream of BCR-ABL indicates 

that from the therapeutic standpoint BCR-ABL is by far the most attractive drug 

target (Sawyers et al. 1999, Deininger et al, 2000, Deininger et al. 2005).  
 

1.2  Imatinib 

Identification of the BCR-ABL kinase fusion protein and its central role in the 

pathogenesis of CML has led to develop rational molecular targeted therapies 

(Kantarjian et al. 2006). Imatinib mesylate (Gleevec; Novartis, Basel, 

Switzerland) is a highly effective and well-tolerated oral agent that has had a 

significant impact on the treatment of patients with CML. By inhibiting the 

BCR-ABL protein kinase, imatinib targets the molecular event which forms the 
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basis for CML (Cwynarski et al. 2004). The most striking feature of the 

compound is its remarkable degree of specificity, its effect on other tyrosine 

kinases being negligible. The proliferation of CML progenitor cells was 

inhibited by treatment with the inhibitor but control normal cells were largely 

unaffected (Druker et al. 1996, Deininger et al. 1997). Selective inhibition of 

growth could also be demonstrated for BCR-ABL+ cell lines both in vitro 

(Deininger et al. 1997) and in mice (le Coutre et al. 1999, Druker et al. 1996). 

Nowadays, imatinib is first-line therapy for newly diagnosed CML (O’Brien et al, 

2003). While worldwide many patients with the disease receive imatinib, the 

resistance to the drug has become increasingly important (Guilhot et al. 2004, 

Silver et al. 2004). Several mechanisms have been proposed to cause the 

development of imatinib resistance in CML, including BCR-ABL gene 

mutations (Gorre et al. 2001, Hochhaus et al. 2002); overexpression and 

amplification of the BCR-ABL gene locus (Gorre et al. 2001, Hochhaus et al. 

2002); activation of BCR-ABL independent pathways, such as members of the 

cellular homologue of Rous sarcoma virus oncogenic protein (Src) kinase 

family (Donato et al. 2003); binding of imatinib to serum α-1 acid glycoprotein 

(Gambacorti-Passerini et al. 2000); and increased drug efflux through the 

multidrug resistance gene 1 (MDR1) (Thomas et al. 2004, Illmer et al. 2004). 

Of the proposed mechanisms, a common cause of imatinib resistance seems 

to be point mutations in the ABL kinase domain which preclude the binding of 

imatinib (Guilhot et al. 2004). Mutations have been reported in 50-90% of 

patients with imatinib resistance (Von Bubnoff et al. 2002, Al-Ali et al. 2004), 

mapping to > 40 different positions (Deininger et al. 2005). In addition to 

mutations, overexpression of Src-related kinase has been implicated in some 

cases of imatinib resistance and in BCR-ABL-mediated leukemogenesis (Dai 

et al. 2004, Donato et al. 2003 and 2004). The available treatment options for 

patients with imatinib-resistant or intolerant leukemia are extremely limited. 

Therefore, newer tyrosine kinase inhibitors, including dasatinib (Sprycel; 

BMS-354825; Bristol-Myers Squibb, New York, NY) (a multi-targeted kinase 
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inhibitor of BCR-ABL and Src family kinases) and nilotinib (Tasigna TM; 

AMN107, Novartis, Basel, Switzerland) (AMN107, a selective BCR-ABL 

inhibitor) may provide promising treatment options for patients with CML. 

 

1.3 Dasatinib 

1.3.1 Preclinical evaluation of Dasatinib 

Dasatinib is a novel, potent, oral, multi-targeted kinase inhibitor that targets 

BCR-ABL, Src, KIT, platelet-derived growth factor receptor (PDGFR), and 

other tyrosine kinases (Shah et al. 2006). In contrast to imatinib, which binds 

only to the inactive conformation (Nagar, et al. 2002), dasatinib is a distinct 

new chemical entity and binds to both the active and the inactive conformation 

of the ABL kinase domain of BCR-ABL (Figure 1) (Tokarski et al. 2006). 

Dasatinib also inhibits a distinct spectrum of kinases that overlaps with the 

array of kinases that imatinib inhibits (Carter et al. 2005). This is the basis for 

the increased binding affinity of dasatinib over imatinib, and the activity of 

dasatinib against almost all imatinib-resistant kinase domain mutants. 

Dasatinib is ~325-fold more potent than imatinib in inhibiting the activity of 

BCR-ABL (Burgess et al. 2005, O'Hare et al. 2005). In cell-line models, 

dasatinib inhibited 18 of 19 imatinib-resistant BCR-ABL mutations with 

exception of T315I within a narrow concentration range, similar to that required 

to block wild-type BCR-ABL (Shah et al. 2005, O'Hare et al. 2005). Dasatinib 

also has the potential to overcome imatinib resistance that results from 

divergent mechanisms including BCR-ABL overexpression, activation of 

alternate signaling pathways involving the Src family kinases (Nam et al. 2005, 

Chen et al. 2006), and MDR1 overexpression (Talpaz et al. 2006). 
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Figure 1. Differential binding of imatinib and dasatinib to the ATP-binding site of the 

ABL kinase domain of BCR-ABL. (Tokarski et al. 2006) 

 

1.3.2 Clinical trials with dasatinib 

1.3.2.1 Phase I 

Forty patients with various phases of CML with Ph-positive acute 

lymphoblastic leukemia (ALL) who could not tolerate or were resistant to 

imatinib were enrolled in a phase I dose-escalation study. Dasatinib (15 to 240 

mg per day) was administered orally in four-week treatment cycles, once or 

twice daily. A complete hematologic response (CHR) was achieved in 37 of 40 

patients with chronic-phase CML (CP-CML) and major hematologic responses 

(MHR) were seen in 31 of 44 patients with accelerated-phase CML (AP-CML), 

CML with blast crisis, or Ph-positive ALL. In these two phases, the rates of 

major cytogenetic response (MCR) were 45% and 25%, respectively. 

Responses were maintained in 95% of patients with chronic-phase disease 

and in 82% of patients with accelerated-phase disease, with a median 

follow-up more than 12 months and 5 months, respectively. Nearly all patients 

with lymphoid blast crisis (LBC) and Ph-positive ALL had a relapse within six 

months. Responses occurred among all BCR-ABL genotypes, with the 

exception of the T315I mutation, which confers resistance to both dasatinib 
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and imatinib in vitro. Myelosuppression was common but not dose-limiting 

(Talpaz et al. 2006). 

 

1.3.2.2 Phase II 

Phase II studies for dasatinib in all phases of CML and Ph-positive ALL have 

been reported and supported rapid approval of dasatinib on 29/06/2006 for 

both indications; the recommended dose is 70 mg twice daily (BID). In the 

“Start-C” trial of dasatinib in CP-CML (Hochhaus et al. 2006), 60% of patients 

required dose reductions over time for toxicity and the median dose was closer 

to 100 mg per day; ongoing trials continue to explore dosing options for 

dasatinib, including varying total dose and once daily (QD) versus BID dosing. 

Table 2 summarized the results of dasatinib in all stages of CML patients and 

Ph-positive ALL patients.  

 

1.4 CD 8+ T lymphocytes 

The role of the CD8+ T cells (also called cytotoxic T cells, CTLs) is to monitor 

all the cells of the body, ready to destroy any that is considered to be a threat 

to the integrity of the host; for example, CTLs kill virally infected cells, 

preventing them from being the source of more viral pathogen. Moreover, 

CTLs are also thought to provide some degree of protection against 

spontaneous malignant tumors, by virtue of their ability to detect quantitative 

and qualitative antigenic differences in transformed cells. In this regard, 

transformation results in an altered protein repertoire inside the cell. CD8+ T 

cells recognize antigen that is presented by major histocompatibility complex 

(MHC) class I-derived molecules that sample peptides from protein 

degradation inside the cell and present these at the cell surface to CTLs; this 

enables CTLs to scan for cellular alterations (Andersen et al. 2006).  
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Table 1. Phase II results for dasatinib across all phases of chronic CML 
and Ph-positive ALL 1. 
 
Disease state 

 
N Hematologic 

Responses 
(%) 

CHR 
(%) 

Any 
Cytogenetic 

Response(%)

Minor 
CCR 
(%) 

MCR 
(%) 

CCR 
(%) 

Median 
Follow-up 
(months) 

Imatinib 
resistant/Intolerant 

CP CML 
 

387 NR 90 NR NR 51 40 8 

Imatinib 
resistant/Intolerant 

AP CML 
 

174 59 34 39 5 34 25 7 

Imatinib 
resistant/Intolerant 

MBC CML 
 

109 49 25 44 13 31 25 3.5 

Imatinib 
resistant/Intolerant 

LBC CML 
 

48 39 29 NR NR 44 38 2.3 

Imatinib 
resistant/Intolerant 

Ph positive ALL 

46 48 33 NR NR 46 44 2.7 

 
1. According to Mauro (2006) 
Abbreviations: ALL, acute lymphoblastic leukemia; AP, accelerated phase; CCR, complete 
cytogenetic response; CP, chronic phase; LBC, lymphoid blast crisis; MBC, myeloid blast 
crisis; MCR, major cytogenetic response; NR, not reported. 
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1.5 Rationale of the study 

There is evidence that imatinib can affect the function of normal, 

non-malignant cells, resulting in myelosuppression. Imatinib might affect 

mobilization, proliferation, and differentiation of hematopoietic progenitor cells 

while leaving hematopoietic stem cells unaffected. In several in vitro studies 

and animal models, it was demonstrated that imatinib can affect the function 

and differentiation of antigen-presenting cells (APCs) and inhibit the effector 

functions of T lymphocytes. Moreover, the induction of specific cytotoxic T cells 

seems to be impaired in CML patients treated with imatinib when compared 

with patients receiving interferon-alpha (IFN-α) (Appel et al. 2005).  

Dasatinib is a multi-targeted kinase inhibitor of BCR-ABL and Src family 

kinases and has greater potency than imatinib due to the rapid clearance of 

BCR-ABL expression hematopoietic cells. Because several of intracellular 

signaling molecules triggered by the ABL kinase are also involved in the 

activation pathways of immune cells (Cwynarski et al. 2004), we sought to 

identity whether dasatinib may also have the effects on immunity. However, the 

effects of dasatinib on immunity have not been extensively evaluated, 

especially for CD8+ T lymphocytes. It is not clear whether some side effects 

like myelosuppression which is common during treatment with dasatinib may 

result from inhibiting the function of normal cells such as CD8+ T lymphocytes. 

This is of importance because some of the therapeutic effects in the treatment 

of patients with CML are mediated by the induction of leukemia-specific T cell 

responses (Appel et al. 2005). Furthermore, effects of dasatinib on immune 

reconstitution and T cell function may be especially relevant in the setting of 

allogeneic transplantation, where regulation of immune functions in the post 

transplant period is especially critical and directly impacts morbidity and 

mortality (Seggewiss et al. 2005). 

Tyrosine kinase play a prominent role in T-cell receptor (TCR) signal 

transduction and imatinib has the inhibitory effects on this process which 

conceivable that dasatinib may also has such effects. Physiologic activation of 
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T lymphocytes in response to antigen is controlled by the TCR (Seggewiss et 

al. 2005). Furthermore, the transcription factor nuclear factor- κappaB (NF-κB) 

is a major regulator of lymphocyte survival and activation. The NF-κB family 

consists of p65 (RelA), RelB, c-Rel, p105/p50 (NF-κB), and p100/p52 (NF-κB2) 

(Hayden et al. 2004). Controlled activation of NF-κB is essential for the 

immune and inflammatory response as well as for cell proliferation and 

protection against apoptosis (Blanco et al 2006). Functional consequences of 

T-cell activation include proliferation, cytokine production, degranulation, and 

up-regulation of activation markers such as CD25, CD69 and human leukocyte 

antigen-DR (HLA-DR) (Cwynarski et al. 2004).  

Studies investigating the effect of dasatinib on normal T cells are of interest 

because they might help us better understand the side effects observed 

clinically and might lead to the identification of novel therapeutic applications of 

the drug. 
 

1.6 Aim of the study 
In light of above observations, we raised the following questions: 

 Does dasatinib affect the proliferation or apoptosis of CD8+ T 

lymphocytes? 

 Does dasatinib inhibit the activation of CD8+ T lymphocytes such as the 

expression of CD25, CD69 and HLA-DR? 

 Does dasatinib inhibit the proliferation of influenza matrix protein (IMP) or 

cytomegalovirus (CMV) specific CD8+ T lymphocytes? 

 Does dasatinib inhibit the function of CD8+ T lymphocytes specific for IMP 

or receptor for hyaluronic acid mediated motility 3 (RHAMM 3) assessed 

through the production of Interferon-gamma IFN-γ and granzyme B by 

enzyme-linked immunospot (ELISPOT) assays? 

 Does dasatinib inhibit the T cell receptor (TCR) and NF-κB signal 

transduction of CD8+ T lymphocytes?  
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Introduction 

To answer these questions, CD8+ T lymphocytes were isolated by using CD8 

magnetic-activated cell sorting (MACS) beads from healthy donors. Dasatinib 

was added at concentrations varying from 5 nM to 250 nM to culture cells 

stimulated by PHA and Interleukin-2 (IL-2). Cell proliferation, apoptosis and 

activation was determined by flow cytometry. To investigate the IMP, CMV or 

RHAMM 3 specific CD8+ T lymphocytes, mixed lymphocyte peptide culture 

(MLPC) technique was used to culture cells for 8 days. The frequencies of IMP 

or CMV specific cells were determined by human leukocyte antigen-A2 

(HLA-A2) restricted tetramer in flow cytometric assays. The function of IMP or 

RHAMM 3 specific cells was evaluated in ELISPOT assays for the secretion of 

IFN-γ and granzyme B. The phosphorylation levels of TCR and NF-κB family 

member proteins were determined by Western blotting. 
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Materials and Methods 

2.  Materials and Methods 

2.1 Materials 

2.1.1 Samples 

Blood samples were obtained from healthy donors at the Red Cross Blood 

Center, Ulm, Germany after informed consent was obtained. 

 

2.1.2 Reagents 

5-bromo-4-chloro-3-indolyl phosphate 

(BCIP) 

Sigma-Aldrich, Munich, Germany 

Beta-glycerophosphate  Sigma-Aldrich, Munich, Germany 

Bovine Serum Albumin (BSA) Serva Electrophoresis GmbH, 

Heidelberg  

CMV (pos. 495-503, NLVPMVATV) Thermo Electron, Ulm, Germany 

Dasatinib Bristol-Myers Squibb, Princeton, 

NJ, USA 

Dimethyl sulfoxid (DMSO) Sigma-Aldrich, Steinheim, Germany 

DL-Dithiothreitol (DTT) Sigma-Aldrich, Munich, Germany 

0.5 M EDTA PH 8.0 Invitrogen Corporation, USA 

EGTA Sigma-Aldrich, Munich, Germany 

Fetal calf serum (FCS)  PAA Laboratories GmbH, Austria 

Ficoll-Biocoll Separation Solution  Biochrom AG, Berlin, Germany 

Formaldehyde 37% (v/v) Sigma-Aldrich, Munich, Germany 

  

Human AB albumin   DRK Blutspendedienst, Mannheim, 

Germany 

IMP (pos. 58-66: GILGFVFTL) Thermo Electron, Ulm, Germany 

Interleukin-7 (IL-7) Strathmann, Biotec GmbH 

Leupeptin Sigma-Aldrich, Munich, Germany 

L-glutamine Biochrom AG, Berlin, Germany 
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Magnesium chloride (MgCl2)  Merck-Schuchardt, Munich, 

Germany 

Methanol Sigma-Aldrich, Munich, Gemany 

Na2EDTA   Sigma-Aldrich, Munich, Germany 

Na3VO4 (Orthovanadate) Sigma-Aldrich, Munich, Germany 

Nitroblue tetrazolium (NBT) Sigma-Aldrich, Munich, Germany 

Non-fat dry milk   Bio-Rad Laboratories, USA 

Penicillin Invitrogen Gibco, Grand Island, 

USA 

Phenylmethylsulfonyl fluoride (PMSF) Sigma-Aldrich, Munich, Germany 

Phytohemagglutinin-M, PHA  Roche, Mannheim, Germany 

Protease inhibitor cocktail Roche, Mannheim, Germany 

Protein assay Bio-Rad Laboratories, USA 

Precision plus protein kaleidoscope 

standards 

Bio-Rad Laboratories, USA 

RHAMM 3 (pos.165-173:ILSLELMKL) Thermo Electron, Ulm, Germany 

RPMI 1640 Biochrom AG, Berlin, Germany 

Sodium azide (NaN3)  Sigma-Aldrich, Steinheim, Germany

Sodium carbonate (NaCO3) Sigma, Missouri, USA 

Sodium chloride (NaCl) Applichem GmbH, Darmstadt, 

Germany  

Sodium hydrogen carbonate 

(NaHCO3) 

 Sigma, Missouri, USA 

Streptomycin Invitrogen Corporation, USA 

Triton X-100 Sigma, Missouri, USA 

Tween 20 Sigma, Steinheim, Germany  

Western blotting stripping buffer  Pierce, Bonn, Germany 
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2.1.3 Antibodies 

Anti-CCR7*phycoerthrin-cyanine7 

(PE-Cy7) 

BD PharmingenTM, Germany 

Anti-CD25*phycoerthrin (PE)  BD PharmingenTM, Germany 

Anti-CD45RA * Allophycocyanin 

(APC)  

BD PharmingenTM, Germany 

Anti-CD69*peridinin-chlorophyll 

protein (PerCP) 

BD PharmingenTM, Germany 

Anti-CD8*Allophycocyanin-cyanine7 

(APC)-Cy7  

BD PharmingenTM, Germany 

CD8 magnetic-activated cell sorting 

(MACS) beads, (CD8 microbeads, 

human) 

Miltenyi Biotec, Bergisch Gladbach, 

Germany 

ECL western blotting detection 

reagents 

Amersham Biosciences, UK 

Functional grade purified anti-human 

CD3 (OKT3) 

eBioscience, San Diego, CA, USA 

HLA-A2/CMP peptide tetramer*PE 

 

Ludwig Institute for Cancer 

Research, Lausanne, Switzerland 

HLA-A2/IMP peptide tetramer*PE 

 

Ludwig Institute for Cancer 

Research, Lausanne, Switzerland 

NF-κB p100/52 antibody Cell signaling technology, USA 

NF-κB p105/50 antibody Cell signaling technology, USA 

NF-κB p65 antibody Cell signaling technology, USA 

Phospho-p44/42 MAPK (Thr202 

/Tyr204) rabbit mAb 

Cell signaling technology, USA 

Phospho-ZAP-70  (Tyr319)/Syk  Cell signaling technology, USA 

(Tyr352) rabbit mAb  
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Phospho-NF-κB p105 (Ser933)(18E6) 

rabbit mAb 

Cell signaling technology, USA 

Phospho-NF-κB p65 (Ser 536)(93H1) 

rabbit mAb 

Cell signaling technology, USA 

c-Rel antibody Cell signaling technology, USA 

RelB antibody Cell signaling technology, USA 

Actin (C-11) Santa Crutz, Biotechnology, USA 

Donkey anti-goat IgG-HRP Santa Crutz, Biotechnology, USA 

 

 

2.1.4 Assay Kits 

FITC BrdU Flow kit BD PharmingenTM, Heidelberg, 

Germany 

Fluorochrome-anti-BrdU antibody 

BD Cytofix/Cytoperm buffer 

BD Perm/Wash buffer (10×) 

BD Cytoperm Plus buffer 

BrdU (10 mg/ml) 

DNase 

7-AAD 

 

 

Annexin V-FITC apoptosis 

detection kit I  

 BD PharmingenTM, Heidelberg, 

Germany 

Annexin V-FITC 

Propidium Iodide staining solution  

Annexin V binding buffer (10×)  
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Human-IFN-γ ELISPOT kit Mabtech, Germany 

Anti-h-IFN-γ mAb-1 DIK purified 

Anti-h-IFN-γ mAb 7-B6-1 biotinylated  

Anti-h-IFN-γ Streptavidin-alkaline phosphatase  
 
 
Human Granzyme B ELISPOT Kit BD, San Diego, USA 

ELISPOT plates  

Unlabeled Capture Antibody   

Biotinylated Detection Antibody  

Enzyme Conjugate (Streptavidin-HRP) 
 
 
AEC Substrate Set BD, San Diego, USA 

AEC Substrate (3-Amino-9-ethylcarbazole) 

AEC Chromogen  

 

 

2.1.5 Solutions and buffers 

2.1.5.1 General solutions and buffers 

DPBS (10×) Invitrogen Coporation, USA 

Distilled water Fresenius Kabi Deutschland GmbH, 

Hamburg, Germany 

FACS buffer PBS containing 1% BSA 

BD FACS Flow 

BD FACS Clean                  

BD FACS Rinse 

BD Biosciences, Canada 

BD Biosciences, Canada 

BD Biosciences, Canada 

Separation buffer  

(PBS/EDTA buffer) 

Containing 0.5% human albumin, Miltenyi 

Biotec GmbH, Bergisch Gladbach, 

Germany 
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2.1.5.2 Solutions and buffers for ELISPOT 

Coating buffer 318 mg Na2CO3, 580 mg NaHCO3, 49 mg 

NaN3 (pH 9,6) 

Substrate buffer  

 

0,1 M TRIS, 0,1 M NaCl, 5 mM MgCl2 (pH 

9,5) 

PBST (wash buffer) PBS supplemented with 0.05% Tween 20

Blocking solution  PRIM 1640 supplemented with 10% FCS, 

2 mM L-glutamine, 100 units/ml penicillin 

and 100 units/ml streptomycin 

AEC substrate solution  Per 1 ml of AEC substrate with 20 ul of 

AEC chromogen 

 

 

2.1.5.3 Solutions and buffers for western blotting 

2.1.5.3.1 Prepared solutions and buffers 

Lysis buffer  20 mM Tris-HCl [pH 7.5], 150 mM NaCl, 1 

mM Na2EDTA, 1 mM EGTA, 1% Triton 

X-100,  

Phosphatase Inhibitor solution 2.5  mM sodium pyrophosphate, 1 mM 

beta-glycerophosphate, 1 mM Na3VO4, 

1 µg/ml leupeptin 

Protease inhibitor cocktail (25×) 

solution  

1 tablet in 2.0 ml PBS (aliquot and store 

at -20 oC  

Anode buffer I 300 mM Tris, 10% methanol, PH 10.4 

Anode buffer II 25 mM Tris, 10% methanol, PH 10.4 

Cathode buffer 10 mM Tris, 40 mM 6-aminohexanoic,  

PH 9.4 

Blocking buffer 1X TBS, 0.1% Tween-20 with 5% w/v 

nonfat dry milk  

 15



Materials and Methods 

10X Tris buffered saline (TBS) 

 

24.2 g Tris base, 80 g NaCl; adjust pH to 

7.6 with HCl (use at 1X). 

Wash buffer (TBS/T) 1X TBS, 0.1% Tween-20 (TBS/T) 

 

 

2.1.5.3.2 Ready solutions and buffers 

Primary antibody dilution buffer 1X TBS, 0.1% Tween-20 with 5% BSA 

NuPAGE LDS sample buffer (4×) Invitrogen Coporation, USA 

NuPAGE MOPS SDS running 

buffer (20×) 

Invitrogen Coporation, USA 

 

 

 

2.1.6 Equipments 

Autoclave WEBECO GmbH, Germany 

0.22 μm Sterile filter Millipore Corporation, Massachusetts, 

USA 

0.45 μm Sterile filter Sartorius, Hannover, Germany 

24-well tissue culture plate 

(Flat bottom) 

BD Biosciences, New Jersey, USA 

6-well tissue culture plate 

(Flat bottom) 

BD Biosciences, New Jersey, USA 

-80 oC Ultra low temperature 

freezer 

SANYO Electric Biomedical Co. Ltd, 

Japan 

96-well flexible sample plate Perkin Elmer Wallac GmbH, Freiburg, 

Germany 

96-well microtiter plate Nunc-Maxi Sorp, Roskilde, Denmark 

96-well tissue culture plate 

(Flat bottom) 

BD Biosciences, New Jersey, USA 
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96-well tissue culture plate 

(U-bottom) 

BD Biosciences, New Jersey, USA 

BD FACSAria TM Flow Cytometry BD Biosciences, New Jersey, USA 

BD FACScan TM Flow Cytometry BD Biosciences, New Jersey, USA 

Combitips plus (1.25 ml, 2.5 ml, 5 

ml, 10 ml, 12.5 ml, 25 ml 

Eppendorf Ag, Hamburg, Germany 

CS-15R Centrifuge  Beckman Biotechnology, Germany 

CS-6R Centrifuge Beckman Biotechnology, Germany 

DAKO pen S2002, DAKO, Glostrup, Denmark 

Digital pH meter  pH525, WTW, Weilheim, Germany  

Electronic balance MC 210P, KB BA 100, Sartorius, 

Baden-Wurttemberg, Germany 

Electronic balance MC 2201P, KB BA 200, Sartorius, 

Baden-Wurttemberg, Germany 

ELISPOT reader Cellular Technology Ltd., Reutlingen, 

Germany 

Ep T.I.P. S Reloads  

0.1-20 μl, 2-200 μl, 50-1000 μl, 

Eppendorf AG, Hamburg, Germany 

FALCONTM cell culture flask  

(75 cm2, 175 cm2) 

BD Biosciences, New Jersey, USA 

Gloves VWR International GmbH, Darmstadt, 

Germany 

Haemocytometry Chamber Optik Labor, Berlin, Germany 

Inverse microscope  Carl Zeiss,  TELAVAC31, Germany  

IX81 motorized inverted  

research microscope  

Olympus, Hamberg, Germany  

 

Laminar flow  

cabinet (TYP.HS18/2) 

Heraeus instruments, Hanau, Germany 

Light microscope Carl-Zeiss, Germany 
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Liquid nitrogen tank  

 

Model 8038 S/N 14830.59 Forma 

Scientific Inc. Germany  

Magnetic stirrer Ikamag TRC, Renner GmbH, 

Ludwigshafen, Germany 

Mini rocking plat form Biometra, Germany 

Mini Western Blot Tray Roth, Germany 

MS columns Miltenyi Biotec, Bergisch Gladbach, 

Germany 

Non pyrogenic serologic pipettes 

(2 ml, 5 ml, 10 ml, 25 ml, 50 ml) 

Corning Incorporation, New York, USA 

Non-sterile RC-membrane filter Vivascience AG, Hannover, Germany 

PES Filter Unit Nalgene, USA 

Pipette Boy (IBS Pipetboy acu) Integra Biosciences AG,  

Chur, Switzerland 

Polypropylene Conical  

Centrifuge Tubes, 15 ml   

Becton and Dickinson labware, NJ, U.S.A

Polypropylene Conical  

Centrifuge Tubes, 50 ml  

Becton and Dickinson labware, NJ, U.S.A

 

Power Pac TM HC Power Supply Bio-Rad, USA 

Refrigerator  Liebherr, Ochsenhausen, Gemany 

Safe-Lock Tubes 1.5 ml, 2.0 ml Eppendorf AG, Hamburg, Germany 

Spectro Photometer Pharmacia 

Sterile bench  TYP. HS 18/2, Heraeus instruments, 

Germany  

Super MACS TM separator Miltenyi Biotec, Bergisch Gladbach, 

Germany 

Syringe (1 ml, 5 ml, 10 ml, 20 ml, 

50 ml) 

BD Biosciences, New Jersey, USA 

Thermomixer Compact Termon Eppendorf, Germany 
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Trans-Blot SD Semi-Dry Transfer 

Cell 

Bio-Rad Laboratory, USA 

Vortex-2TM genie  

 

Model G-560E, Scientific Industries,  

Inc. Bohemia, NY, U.S.A  

Water bath  GFL, Burgwedel, Germany 

Western blotting developer Curix 60, AGFA, Gevaert, N.V. Germany 
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2.2 Methods 

2.2.1 Dasatinib 

Dasatinib was purchased from Ulm University Pharmacology (Bristol-Myers 

Squibb, Princeton, NJ) and was prepared as a 10 mM stock solution in 

Dimethyl sulfoxide (DMSO). Stock solution was stocked in aliquots at -20 oC 

and diluted into the medium to indicated concentrations.  

 

2.2.2 Cryopreservation and recovery of PBMCs 

Peripheral blood mononuclear cells (PBMCs) from buffy coats from healthy 

donors were isolated by density gradient centrifugation using Ficoll-Biocoll 

separation solution. Then per 5~10 × 107 cells were resuspended in 1.5 ml 

freezing medium (RPMI 1640 containing 20% AB serum, 100 units/ml penicillin, 

100 units/ml streptomycin, 2 mM L-glutamine and 10% DMSO) and stored in 

liquid nitrogen until further use. For recovery, cryopreserved cells were thawed 

quickly and washed with plain medium (RPIM 1640 containing) for further use. 

 
+ 2.2.3 Isolation CD8 T lymphocytes 

+CD8  T lymphocytes were isolated from PBMCs by using CD8 

magnetic-activated cell sorting (MACS) beads. Briefly, cells were centrifuged 

at 300×g for 10 minutes with separation buffer. Supernatants were removed 

carefully and cell pellets were resuspended in 80 μl of separation buffer and 20 

μl of CD8 MicroBeads per 107 total cells. Cells were mixed well and incubated 

for 15 minutes at 4–8 o 7C. After incubation, 1–2 mL of separation buffer (per 10  

cells) were added to the tube and cells were centrifuged at 300×g for 10 

minutes. After centrifuge, cell pellets were resuspended in 500 μl of separation 

buffer. MS column was placed in the magnetic field of Super MACSTM 

Separator and column was rinsed with 500 μl separation buffer once. Cell 

suspensions were applied onto the column. CD8- cells passed through the 

column, while CD8+ cells were still in the column. Column was washed with 
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500 μl separation buffer for three times. Then column was removed from the 

separator and placed on a 15 ml tube. 1 ml medium was added to the column 

and plunger supplied with the column was firmly applied. CD8+ T lymphocytes 

were collected in the tube. 

 

2.2.4 Cell culture 
+The purity of the isolated CD8  T lymphocytes was routinely greater than 95% 

by flow cytometry and their vitality was greater than 99% by the Trypan Blue 

exclusion test. CD8+ T lymphocytes (5×105 cells/ml) were cultured in 24-well 

tissue culture plates and incubated at 37 oC in a moist atmosphere of 5% CO2. 

Cells were cultured in RPMI 1640 supplemented with 10% human AB serum, 2 

mM L-glutamine and 100 units/ml penicillin/streptomycin. According to different 

experiments, cells were stimulated with PHA and IL-2 in the presence or 

absence of different concentrations of dasatinib for 48 to 96 hours. For MLPC 

experiments, cells were stimulated with specific peptide, IL-2 and interleukin-7 

(IL-7) for 8 days; For western blotting, cells (5×106 cells/well) were seeded in 6- 

well tissue culture plates and stimulated with functional grade purified 

anti-human CD3 (OKT3) for 48 hours. 

 
2.2.5 Proliferation assays 
 
2.2.5.1 Dose-relevant proliferation assay 

+ T lymphocytes (5×105 CD8 cells/ml) were stimulated with 10 μg/ml PHA and 

60 units/ml IL-2. Proliferation was measured after 96 hours of culture with or 

without 5 nM, 10 nM, 25 nM, 50 nM, 100 nM and 250 nM dasatinib by using an 

indirect 5-bromo-2-deoxyuridine (BrdU)-fluorescein isothiocyanate (FITC) flow 

kit. Briefly, cells were labeled with 10 μg/ml BrdU for 1 hour and washed with 

FACS buffer at 300 × g for 10 minutes. Thereafter, cells were resuspended in 

100 μl BD Cytofix/Cytoperm buffer per tube for 30 minutes on ice. After 

washing cells with 1× BD Perm/Wash buffer once, cells were resuspended in 

100 μl BD Cytoperm Plus buffer per tube for 10 minutes on ice and washed 
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again. Then cells were re-fixated with 100 μl BD Cytofix/Cytoperm buffer for 5 

minutes on ice and treated with 100 μl DNase (diluted to 300 μg/ml in PBS) for 

1 hour at 37 oC. Finally, cells were stained with 1.2 μl FITC*anti-BrdU and 

incubated for 20 minutes on ice and analyzed by flow cytometry (FACScanTM, 

Becton Dickinson). 

 

2.2.5.2 Time-relevant proliferation assay 

In time-relevant proliferation experiments, 250 nM dasatinib was added to the 

culture in different time points (0, 4, 8, 12, 24 and 48 hours) and cell 

proliferation was detected after cells were stimulated for 96 hours. 

Unstimulated cells were served as control.  

 

2.2.5.3 Reversible proliferation assay 
+ CD8 T lymphocytes (5×105 cells/ml) were seed in 24-wells plates and 

stimulated with 10 μg/ml PHA and 60 units/ml IL-2 with different concentrations 

of dasatinib for 72 hours. After 72 hours incubation, cells were washed twice 

with medium to remove dasatinib and rested for 48 hours. Cells were 

re-stimulated with PHA and IL-2 and incubated for another 72 hours. CD8+ T 

lymphocytes proliferation were measured by a FITC BrdU flow kit as 

mentioned above.  

 

2.2.6 Apoptosis assay 
+ 5 CD8 T lymphocytes (5×10 cells/ml) were stimulated with 10 μg/ml PHA and 

60 units/ml IL-2 with or without 5 nM, 10 nM, 25 nM, 50 nM, 100 nM and 250 

nM dasatinib for 48 hours. Cells were then harvested and washed twice with 

cold PBS at 300 × g for 10 minutes. After that, cells were resuspended in 100 

μl 1X binding buffer and stained with 5 μl Annexin V*FITC and 5 μl Propidium 

Iodide (PI) for 20 minutes at room temperature (RT) in the dark. Apoptotic cells 

were defined by flow cytometry as Annexin V positive and PI-negative within 

one hour.  
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2.2.7 Cell cycle analysis 

+A FITC BrdU flow kit was used to determine CD8  T lymphocytes cycle kinetics 

and to measure incorporation of BrdU into DNA of proliferating cells. CD8+ T 

lymphocytes (5×105 cells/ml) were stimulated with PHA (10 μg/ml) or in 

combination with IL-2 (100 units/ml) in the presence or absence of 250 nM 

dasatinib. After 96 hours of incubation, cells were harvested and measured 

according to the manufacturer’s protocol as mentioned above. Briefly, cells 

were washed with FACS buffer at 300 × g for 10 minutes and were first stained 

with anti-CD8*APC-Cy7 for 20 minutes on ice in the dark. After washing cells 

once, cells were stained with BrdU, fixed, permeabilized, re-fixated and treated 

with DNase. Then cells were stained with FITC-conjugated anti BrdU antibody 

and total DNA was stained with 7-amino-actinomycinD (7-AAD; 20 μL per 

sample), followed by flow cytometric analysis (FACSAria TM, Becton 

Dickinson).  

 
+2.2.8 Assessment activation of CD8  T lymphocytes  

+CD8  T lymphocytes were stimulated with or without PHA and IL-2 in the 

absence or presence of dasatinib as indicated for 72 hours. Then cells were 

harvested and washed with FACS buffer once at 300 × g for 10 minutes. After 

discarding the supernatant, cells were stained with HLA-DR*FITC, CD25*PE 

and CD69*PerCP for 20 minutes at RT in the dark. Finally, the activation 

markers CD25, CD69 and HLA-DR were detected by flow cytometry. 

Unstimulated T cells served as negative control in all experiments.  

 
2.2.9 Mixed lymphocyte peptide cultures (MLPCs) 
 
2.2.9.1 T2 cells 
The T2 cell line was obtained from the “ATCC-American Type Culture 

Collection” (www.atcc.org). This cell line is a transporter associated with 

antigen processing (TAP)-deficient hybridoma cell line resulting from the fusion 
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of a lymphoblastic B-cell line with lymphoblastic T-cell line (ATCC-CRL-1992). 

The T2 cell line was used in ELISPOT assays for the HLA-A2 peptide epitopes 

and was maintained at 37 oC in a humidified 5% CO2 atmosphere in a standard 

medium consisting of RPIM 1640 supplemented with 10% AB serum, 2 mM 

L-glutamine, 100 units/ml penicillin and 100 units/ml streptomycin (Chen et al. 

2006) 

 

2.2.9.2 Synthetic peptides 

Influenza matrix protein (IMP, pos. 58-66: GILGFVFTL), cytomegalovirus 

(CMV, pos. 495-503, NLVPMVATV) and receptor for hyaluronic acid-mediated 

motility (RHAMM 3/CD168 or R3 pos.165-173: ILSLELMKL) were synthesized  

by Thermo Electron (Ulm, Germany) to a minimum of 95% purity as measured 

by high performance liquid chromatography. All peptides were 

HLA-A2*0201-restricted CD8+ T cell epitopes. Peptides were dissolved in 

DMSO mixed with phosphate buffered saline (PBS) at a final concentration of 

1 μg/ml for individual experiments.  

 

2.2.9.3 Mixed lymphocyte peptide culture (MLPC) 

MLPC were generated essentially as described previously (Greiner et al. 2005, 

Li et al. 2005). Briefly, after isolation of CD8+ T lymphocytes, CD8- APCs were 

irradiated with 30 Gy and pulsed with 10 μg/ml β -Microglobulin (β2 2-MG) and 

with or without HLA-A2*0201-restricted IMP, CMV or RHAMM 3-derived 

peptide mentioned above at a concentration of 20 μg/ml and for 1.5 hours at 

RT according to the cells stimulated. Then CD8+ 5 T lymphocytes (5×10 cells/ml) 

and CD8-APCs (2×106 cells/ml) in the 24-well plates were co-cultured with or 

without different concentrations of dasatinib as indicated. After co-incubation 

with CD8+ T lymphocytes overnight, the MLPC was supplemented with 10 

units/mL IL-2 and 20 ng/mL IL-7 in 100 μl medium on day +1. After a total of 8 

days of culture, T cells were harvested and evaluated the proliferation of 
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+peptide specific CD8  T cells by flow cytometry and the production of IFN-γ  

 

and granzyme B secretion by an ELISPOT assay employing T2 cells pulsed 

with IMP, and R3 peptide, as described below. 

 

2.2.9.4 Tetramer staining 
+After 8 days of culture, CD8  T lymphocytes (1×106) were harvested and 

washed with FACS buffer at 300 × g for 10 minutes. For two color staining, 

cells unstimulated or stimulated with irradiated CD8- APCs in the presence of 

IMP or CMV peptide or in the absence of any peptide (as described above) 

were stained with 1.2 μl HLA-A2/IMP or CMV*PE tetramer respectively at a 

concentration of 2 μg/ml and incubated in the dark for 40 minutes at RT. 10 μl 

anti-CD8*FITC was added and incubated in the dark for 20 minutes at 4 oC. 

For six color staining, cells were stained with 1.2 μl HLA-A2/IMP or CMV 

peptide tetramer*PE and 1.2 μl HLA-A2/WT 1 peptide tertramer*PerCP 1 μg 

per test (as negative control) and incubated in the dark for 40 minutes at RT. 

After washing once, 10 μl anti-CD27*FITC, 5 μl anti-CD8*APC-Cy7, 5 μl 

anti-CD45RA*APC and 10 μl anti-CCR7*PE-Cy7 were added and incubated in 

the dark at 4 oC for 20 minutes. After washing twice with PBS, stained cells 

were fixed with 0.5% formaldehyde for 10 minutes and then analyzed by flow 

cytometry. 

 

2.2.9.5 Enzyme-linked immunospot (ELISPOT) assays  

2.2.9.5.1 IFN-γ ELISPOT assay 

IFN-γ ELISPOT assays were performed as described earlier (Greiner et al. 

2005, Schmitt et al. 2004, Schmitt et al. 2006). Briefly, 96-well nitrocellulose 

plates were coated with IFN-γ capture monoclonal antibodies (mAbs) in 

coating buffer and incubated overnight at 4°C. After washing twice with PBS, 

plates were blocked with PBS containing 10% human AB serum for 2 hours at 
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RT. T2 cells were pulsed with 10 μg/ml β2-MG and with or without 20 μg/ml 

specific-IMP or RHAMM 3 peptide for 1 hour at RT and 1 hour at 37 oC. After 

washing once, T2 cells were presensitized CD8+ T lymphocytes (1×104) and  

target cells (4×104) (IMP or RHAMM 3 pulsed T2 cells) in medium were added 

to each well. After incubation overnight, plates were washed with PBS (×5) and 

PBST (×5). IFN-γ detection mAbs (0.2 μg/mL) were added to each well, and 

plates were incubated for 2 hours at RT. After a total wash with PBST for 6 

times, the plates were incubated with streptavidin-alkaline phosphatase  

(1 μg/mL) for 2 hours. Then plates were washed with PBST (×6) and substrate 

buffer (×2), and 5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium 

(BCIP/NBT) was used for colorization according to the manufacturer’s 

instructions. Distilled water was used to stop the reaction. Finally, plates were 

dried up at RT and thereafter evaluated by using ELISPOT reader. 

 

2.2.9.5.2 Granzyme B ELISPOT assay 

The granzyme B ELISPOT assay was performed as previously described 

(Greiner et al. 2005, Li et al. 2005). Briefly, plates were coated with granzme B 

mAbs in PBS and incubated overnight at 4°C. After washing once with blocking 

solution (RPIM 1640 supplemented with 10% FCS, 2 mM L-glutamine, 100 

units/ml penicillin and 100 units/ml streptomycin), plates were blocked with 

blocking buffer for 2 hours at RT. T2 cells were pulsed as above mentioned. 

After incubation overnight, plates were washed with distilled water (×1) and 

PBST (×3). Granzyme B detection mAbs were added to each well and plates 

were incubated for 2 hours at RT. Plates were washed with PBST (×3) and 

were incubated with Streptavidin-HRP for 1 hour. After wash with PBST (×4) 

and PBS (×2), AEC Substrate Solution was used for colorization. Then plates 

were washed with distilled water (×3) to stop the reaction. Finally, plates were 

dried up at RT and thereafter evaluated by using ELISPOT reader.  
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2.2.10 Cell lysis and Western blotting 

2.2.10.1 Cell lysis 
+ 6 CD8  T lymphocytes (5×10 cells/well) were seeded in 6-well plates and were  

either unstimulated or stimulated with 1 ug/ml anti-human CD3 (OKT3) in the  

absence or presence of 100 nM dasatinib for 48 hours. Cells were then 

washed twice with ice-cold PBS and lysed in ice-cold lysis buffer for 30 

minutes on ice. 1 mM phenylmethylsulfonyl fluoride (PMSF), protease inhibitor 

cocktail and phosphatase inhibitor were added to the lysis buffer before use. 

Samples were centrifuged at 14,000×g at 4oC for 15 minutes and supernatants 

were collected. Cell extracts were detected protein concentration levels by a 

bradford assay and BSA was used as protein standard. After that, samples 

were aliquot and frozen at -80°C for further use. 

 

2.2.10.2 Western blotting  

Samples were mixed with 4 × LDS sample buffer containing 0.4 M DTT and 

heated at 95°C for 5 minutes. 20~30 μg proteins per sample were loaded to 

4-12% SDS-PAGE gel and proteins were separated by electrophoresis under 

constant 200 volt for 1 hour. Precision plus protein kaleidoscope standard was 

also loaded to indicate the protein molecule size. After electrophoresis, 

proteins were transferred onto PVDF membrane with semi-dry electrotransfer 

system under constant 2.5 mA/cm2 PVDF area for one hour. The membrane 

was incubated in blocking buffer for 1 hour. Following incubation, the 

membrane was washed with wash buffer (3×5 minutes) and incubated with the 

primary antibody (phospho-p44/42 MAPK, phospho-Lck, phospho-Akt, 

phospho-ZAP-70, NF-κb P100/52, NF-κb p105/50, phospho-NF-κb p105, 

phospho-NF-κB, NF-κB p65, RelB, c-Rel rabbit mAb) in primary antibody 

dilution buffer overnight at 4 oC with gentle agitation. (All antibodies were used 

at dilutions 1:1000 as recommended by the manufacturer.) The membrane 

was washed (3×5 minutes) with wash buffer, incubated with the secondary 
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antibody (ECL-rabbit IgG horseradish peroxidase [HRP]-linked whole antibody) 

for 1 hour at RT with gentle agitation. After a total of three times wash, antibody 

detection was performed using ECL Western Blotting Detection Reagents and 

developed with x-ray film. The membrane was then stripped with Restore 

Western Blottinhg Stripping Buffer for 15 minutes at RT and reprobed with 

anti-Actin C-11 to confirm equal protein loading.  

 

2.3 Statistical analysis  

Statistical analysis was performed with SPSS software. Data were presented 

as mean ± standard deviation (SD). Statistical significance of differences 

between groups was evaluated using one-way-ANOVA (post hoc Scheffe test). 

Student’s t test was performed to confirm differences between two groups. The 

value of p < .05 was considered to be statistically significant.  
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3. Results 

 

3.1 Dasatinib inhibits proliferation of CD8+ T lymphocytes 
 

+ 3.1.1 Dasatinib inhibits proliferation of CD8 T lymphocytes in a 

dose-dependent manner 
+To investigate the effects of dasatinib on CD8  T lymphocytes proliferation, we 

stimulated cells from healthy donors with PHA and IL-2 for 96 hours with 

different concentrations of dasatinib as indicated. A FITC Brdu flow kit was 

used to detect the proliferation of cells. Dasatinib inhibits CD8+ T lymphocytes 

proliferation as a function of concentration (Figure 2, Panel A and B). The 

effects were significant at 10 nM (P=.01 relative to no dasatinib treated group) 

for the cells stimulated with PHA and IL-2. This effect was most pronounced at 

high concentrations higher than 25 nM. Thus, dasatinib arrested CD8+ T 

lymphocytes proliferation in a dose-dependent manner.  
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igure 2. Dasatinib inhibits CD8+ T lymphocytes proliferation in a dose-dependent 

 

 

B

 

F
+manner. CD8  T lymphocytes were stimulated by 10 μg/ml PHA and 60 units/ml IL-2 in the 

presence of dasatinib at different concentrations as indicated for 96 hours. Cells proliferation 
was measured by a FITC BrdU flow kit as described in “Materials and Methods”. Panel A 
shows the combined results from eight different responders. Panel B displays the results of a 
representative experiment.  
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3.1.2 Dasatinib inhibits proliferation of CD8+ T lymphocytes in a 

satinib can terminate already initiated proliferation 

 
 

igure 3. Dasatinib inhibits proliferation of CD8+ T lymphocytes in a time-dependent 

time-dependent manner 

To investigate whether da

signal, we added 250 nM dasatinib at different time points as indicated in 

Figure 3 and proliferation of CD8+ T lymphocytes were measured in a BrdU 

assay when cells were stimulated for 96 hours. We found that dasatinib 

inhibited the proliferation of CD8+ T lymphocytes in a time-dependent manner 

(Figure 3). Dasatinib could only inhibit proliferation of T cells stimulated 4 

hours before induction of the drug.  

 

F
manner. Dasatinib (250 nM) was added 4 to 48 hours after PHA and IL-2 stimulation. 
Proliferating cells were measured by FACS analysis in the presence of dasatinib at all time 
points before 4 hours point were different from values in dasatinib-free cells (at 4 hours point P 
= .037). Data are representative of three independent experiments with similar results. All 
panels display mean values ± SD.  
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Results 

3.2 Dasatinib does not induce apoptosis in CD8+ T lymphocytes 

cytes in 

 

+To analyze whether the reduced proliferation of CD8  T lympho

response to dasatinib was due to an increased apoptosis, we stimulated the 

cells with PHA and IL-2 for 48 hours and measured apoptosis by staining with 

Annexin V*FITC and PI. As shown in Figure 4, the percentage of Annexin 

V*FITC-positive and PI-negative events, which corresponded to apoptotic cells, 

remained between 10.27 ± 2.178% to 15.09 ± 5.258% compared with 13.57 ± 

1.562% of untreated cells. Thereafter, dasatinib at a concentration up to 

250 nM did not significantly induce apoptosis compared with untreated cells 

under these conditions. 
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Figure 4. Dasatinib does not increase apop sis of CD8+ T lymphocytes. Apoptosis was 
+

 
 

B 

A 

to
assessed by Annexin V*FITC and PI staining of CD8  T lymphocytes after stimulated with PHA 
and IL-2 for 48 hours in the presence of different concentrations of dasatinib as indicated. 
Panel A represents the combined results from six independent experiments with similar results. 
Panel B shows results of a representative experiment.  
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3.3 Dasatinib arrests CD8+ T lymphocytes accumulating in the G0/G1 

t induce apoptosis of CD8+ T lymphocytes, we wondered 

phase of cell cycle 

As dasatinib does no

whether the decrease in proliferation was due to the effects of dasatinib on cell 

cycle progression. We stimulated CD8+ T lymphocytes with PHA (10 μg/ml) or 

in combination with IL-2 (100 units/ml) that stimulated CD8+ T lymphocytes 

proliferation powerfully with or without 250 nM dasatinib. After 96 hours of 

incubation, we measured the DNA synthesis of cells with FITC-conjugated 

BrdU, APC-Cy7*CD8 and 7-AAD. Data in Figure 5 indicates that almost all 

unstimulated CD8+ T lymphocytes were arrested in the Gap 0 (G )/G0 1 phase of 

cell cycle. PHA in combination with IL-2 stimulated CD8+ T lymphocytes DNA 

synthesis and progressed cells into synthesis phase (S phase) (P = .016 

relative to resting cells), this effect was inhibited by dasatinib (P = .014 relative 

to PHA plus IL-2 stimulated cells).  
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F  Dasatinib-treated CD8+ T lymphocytes accumulate in the G0/G1 
cell cycle. Cell cycle distribution of unstimulated CD8  T lymphocytes and CD8  T 
lymphocytes stimulated with PHA, or combined with IL-2 in the presence or absence of 
dasatinib (250 nM) for 96 hours. Then cells were stained with BrdU*FITC, CD8*APC-Cy7 and 
7-AAD and analyzed by flow cytometry.  represents the fraction of cells in G0/G1;  the 
fraction in S phase; and  the fraction in G2/M phase. Displayed are mean values ± SD. All 
unstimulated CD8+ T lymphocytes were in the G0/G1 phase of the cycle. PHA (10 μg/ml) + IL-2 
(100 units/ml) stimulated DNA synthesis and progression into the S phase (P = .016 relative to 
resting cells). This effect was inhibited by dasatinib (P = .014 relative to PHA + IL-2 stimulated 
cells). Data are representative of three independent experiments with similar results. 
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3.4 Dasatinib down-regulates the expression of activation markers CD25, 

 and HLA-DR are results of T 

 

 

igure 6. Dasatinib down-regulates the expression of the activation makers CD25 (Panel 
+

CD69 and HLA-DR on CD8+ T lymphocytes 

Expression of surface molecules CD25, CD69

cell stimulation (Cortes et al. 2006, Cwynarski et al. 2004). Hence we 

investigate whether dasatinib influences the activation of CD8+ T lymphocytes 

by measuring the levels of CD25, CD69 and HLA-DR in dasatinib-treated or 

untreated CD8 + T lymphocytes stimulated by PHA and IL-2 for 72 hours. After 

stimulation, the frequency of cells expressing CD25, CD69 and HLA-DR 

increased markedly, while the expression of these markers in resting CD8+ T 

lymphocytes was low (Figure 6). Dasatinib down-regulates expression of T cell 

activation markers CD25, CD69 and HLA-DR significantly as low as 5 nM. This 

effect was most pronounced at the high concentration higher than 25 nM.  

 

 

 

 

 

 

 

 

 

 

F
A), CD69 (Panel B) and HLA-DR (Panel C) on CD8  T lymphocytes. (Legend on page 36). 
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satinib down-regulates the expression of the activation makers CD25 (Panel 
+ +

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
Figure 6. Da
A), CD69 (Panel B) and HLA-DR (Panel C) on CD8  T lymphocytes. CD8  T lymphocytes 
were stimulated with 10 μg/ml PHA and 60 units/ml IL-2 in the presence of different 
concentrations of dasatinib as indicated for 72 hours. The mean values and SD of three 
independent experiments are shown.  
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3.5 Dasatinib inhibits proliferation and function of specific CD8+ T 

.5.1 Dasatinib inhibits proliferation of IMP and CMV specific CD8+ T 

hether dasatinib could also inhibit the proliferation of IMP and 

lymphocytes 
 
3

lymphocytes 

To investigate w
+CMV specific CD8  T lymphocytes, we used the MLPC technique to culture 

CD8+ T lymphocytes for 8 days with or without different concentrations of 

dasatinib. After that, we used HLA-A2 peptide tetramers, which allow direct 

visualization of antigen-specific CD8+ T lymphocytes, to assess the frequency 

of IMP and CMV specific CD8+ T lymphocytes population. Dasatinib 

inhibited the proliferation of IMP and CMV specific CD8+ T lymphocytes  

in a dose-dependent manner (Figure 7, Panel A and C). To further  
+characterize IMP and CMV specific CD8  T lymphocytes, we analyzed the  

expression of CCR7, CD27 and CD45RA of HLA-A2/IMP-tetramer*PE or 
+HLA-A2/CMV-tetramer*PE positive CD8  T lymphocytes. Most of the IMP 

specific cells (74.15 ± 14.13%) were CD8+ HLA-A2/IMP tetramer+ 

CCR7- +CD45RA effector T cells (Figure 7, Panel C). Similar results were 

obtained for CMV specific cells (80.31 ± 7.10%) (Figure 7, Panel D). 
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igure 7. Dasatinib dose-dependent inhibition of IMP and CMV specific CD8+ T 

 

 

 

 

 

 

 

 

 

 

 

F

lymphocytes. (Legend on page 39). 
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igure 7. Dasatinib dose-dependent inhibition of IMP and CMV specific CD8+ T 
+

C 

 

 

 

 

 

 

 

 

 

 

 

F
lymphocytes. CD8  T lymphocytes from healthy donors were subjected to one round of 
stimulation with irradiated autologous CD8- APCs pulsed with IMP and CMV in the presence of 
dasatinib at different concentrations as indicated (Panel A and C). To further characterize IMP 
and CMV peptide specific CD8+ T lymphocytes from the gate of HLA-A2/IMP-tetramer*PE and 
HLA-A2/CMV-tetramer*PE positive CD8+ T lymphocytes were analyzed for their expression of 
CCR7 and CD45RA (Panel B and D). Most of the cells were CD8+HLA-A2/IMP 
tetramer+CCR7-CD45RA+ and CD8+ +HLA-A2/CMV tetramer CCR7-CD45RA+ effector T cells. 
Data are representative of six independent experiments with similar results.  
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3.5.2 Dasatinib inhibits the production of IFN-γ and granzyme B from IMP 

mphocytes function through 

+and RHAMM 3 specific CD8  T lymphocytes  

To investigate the inhibition of the CD8+ T ly

dasatinib, we performed ELISPOT assays to evaluate the release of IFN-γ and 

granzyme B secreted by IMP or RHAMM 3 specific CD8+ T lymphocytes upon 

stimulation with the autologous CD8- APCs pulsed with HLA-A2 restricted IMP 

or RHAMM 3 peptide in the absence or presence of dasatinib at different 

concentrations. Dasatinib inhibited the production of IFN-γ and granzyme B in 

a dose-dependent manner as shown in Figure 8. When the concentrations of 

dasatinib were up to 20 nM or 25 nM, the CD8+ T lymphocytes could only 

produce IFN-γ and granzyme B at background level. 
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Figure 8. Dasatinib inhibits the function of IMP and RHAMM 3 specific CD8+ T 

lymphocytes in a dose-dependent manner. (Legend on page 44). 
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Figure 8. Dasatinib inhibits the function of IMP and RHAMM 3 specific CD8+ T 

lymphocytes in a dose-dependent manner. (Legend on page 44). 
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Figure 8. Dasatinib inhibits the function of IMP and RHAMM 3 specific CD8+ T 

lymphocytes in a dose-dependent manner. (Legend on page 44). 
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Figure 8. Dasatinib inhibits the function of IMP and RHAMM 3 specific CD8+ T 
lymphocytes in a dose-dependent manner. Addition of dasatinib at different concentrations 
to mixed lymphocyte peptide culture (MLPC) resulted in the inhibition of IMP peptide specific 
CD8+ T lymphocytes by dasatinib in a dose-dependent manner as analyzed by ELISPOT 
assays for the secretion of IFN-γ (Panel A) and granzyme B (Panel B). Similar results were 
shown for RHAMM 3 peptide specific CD8+ T lymphocytes (Panel C and Panel D).  
represents the unstimulated CD8+ T lymphocytes and   represents the CD8+ T 
lymphocytes stimulated with IMP or RHAMM 3 peptide with or without different concentrations 
of dasatinib. Mean and standard deviation of eight independent experiments are shown.  
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Results 

3.6 Effects of dasatinib on CD8+ T lymphocytes are partially reversible  
+ As dasatinib inhibits the proliferation of CD8 T lymphocytes, but does not 

induce apoptosis, we postulate that effects of dasatinib on CD8+ T 

lymphocytes are reversible in part. To test this hypothesis, we stimulated CD8+ 

T lymphocytes by PHA and IL-2 with different concentrations of dasatinib for 72 

hours. Then we washed the cells to remove the dasatinib. After 48 hours of 

resting, cells were re-stimulated with PHA and IL-2 and incubated for another 

72 hours. CD8+ T lymphocytes proliferation could be restored if the 

concentration of dasatinib below 100 nM which represents the 

pharmacological doses used therapeutically in vivo. These observations 

demonstrate that CD8+ T lymphocytes proliferation could be partially restored 

after the removal of dasatinib and the effects of dasatinib are transient  

(Figure 9) 
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Figure 9. Dasatinib induced CD8+ T lymphocytes inhibition is partially reversible. The 
proliferation of CD8+ T lymphocytes stimulated by PHA and IL-2 was measured after 72 hours 
of incubation with dasatinib at different concentrations. Thereafter, dasatinib was removed 
from the culture, and after 48 hours resting, cells were restimulated with PHA and IL-2 for 
another 72 hours. Data are representative of four experiments with similar results.   
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+3.7 Dasatinib inhibits the TCR and NF-κB signaling events in CD8  T 

lymphocytes  

The effects of dasatinib on T-cell proliferation and activation could be due to 

the inhibition of signaling events mediated by the TCR. To investigate whether 

dasatinib could inhibit TCR signal transduction, the CD8+ T lymphocytes were 

incubated in the presence or absence of 100 nM dasatinib for 1 hour and then 

stimulated or unstimulated for 48 hours with anti-CD3. Dasatinib inhibited the 

levels of phosphorylation of Lck, ZAP 70, ERK1/2 and Akt (Figure 10, Panel A) 

associated with TCR-mediated signaling.  

Recently, it was shown that the transcription factor NF-κB is important for the 

survival and activation of lymphocytes. Controlled activation of NF-κB is 

essential for the immune and inflammatory responses as well as for cell 

proliferation and protection against apoptosis (Seggewiss et al. 2005, Dietz et 

al. 2004). To assess the effects of dasatinib on the expression of NF-κB family 

members, CD8+ T lymphocytes were first incubated with or without 100 nM 

dasatinib for 1 hour. After that, cells were cultured either unstimulated or 

stimulated with anti-CD3 for 48 hours before the whole cells were lysed. 

Western blotting analysis confirmed that anti-CD3 stimulated CD8+ T 

lymphocytes overexpressed NF-κB p100/52, NF-κB p105/50, phospho-NF-κB 

p105, phospho-NF-κB p65 and c-Rel (Figure 10, Panel B) compared with 

controls (Blanco et al. 2006, Weil et al. 2004). In addition, dasatinib induced a 

decrease in NF-κB p100/52, NF-κkB p105/50, phospho-NF-κB p105, 

phospho-NF-κB and c-Rel expression within stimulated CD8+ T lymphocytes, 

but do not have inhibitory effects on NF-κB p65 and RelB. These results 

suggest that the effects of dasatinib are mediated at least in part by inhibition 

of TCR and NF-κB signaling pathways.  
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Figure 10. Dasatinib inhibits the phosphorylation of molecules participating in T cell 
receptor (TCR) and NF-κB signaling transduction. (Legend on the next page). 
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Figure 10. Dasatinib inhibits the phosphorylation of molecules participating in T cell 
receptor (TCR) and NF-κB signaling transduction. CD8+ T lymphocytes were cultured with 
or without 100 nM dasatinib for 1 hour. Then cells were stimulated with or without anti-CD3 (1 
μg/ml) for 48 hours. We measured the levels of phosphorylation of Lck, ZAP 70, ERK1/2 and 
Akt after stimulation with anti-CD3 for 48 hours which is associated with TCR-mediated 
signaling (Panel A). Dasatinib down-regulates the level of phosphorylation of Lck, ZAP 70, 
ERK1/2 and Akt. Panel B shows the protein expression levels of NF-κB p105/50, NF-κB 
p100/52, phospho-NF-κB p105, phospho-NF-κB p65, NF-κB p65, RelB and c-Rel after 
stimulated with anti-CD3 for 48 hours with or without dasatinib as measured by SDS-PAGE 
and Western blotting. Dasatinib could inhibit the expression of NF-κB p105/50, NF-κB p100/52, 
phospho-NF-κB p105, phospho-NF-κB p65 and c-Rel, but could not inhibit the expression of 
NF-κB p65 and RelB. Actin protein was detected to confirm equal loading of the gel. Data are 
representative of three experiments with similar results. 
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Discussion 

4. Discussion 

 

Our results demonstrated that dasatinib inhibits the proliferation, activation and 

function of CD8+ T lymphocytes at in vitro concentrations representative of the 

pharmacological doses used therapeutically in vivo. This effect is partially 

reversible, dose not involve induction of apoptosis and is mediated at least in 

part via the TCR and NF-κB pathway.  

 

4.1 Dasatinib  

Dasatinib is a synthetic, small-molecule, thiazole-based, orally bioavailable, 

ATP-competitive, dual Abl/Src kinase inhibitor (Fiskus et al. 2006). Dasatinib is 

~ 325-fold more potent than imatinib in cell culture assays, and has clinical 

activity in all stages of imatinib-resistant or intolerant CML and Ph-positive ALL, 

including resistance caused by BCR-ABL gene mutation (Talpaz et al. 2006). 

In phase II clinical trials among patients with imatinib-resistant or -intolerant 

CML and Ph positive ALL have demonstrated that dasatinib induced significant 

hematological and cytogenetic responses in patients and represents a well 

tolerated therapeutic option for patients post imatinib failure while further 

follow-up is warranted (Cortes et al. 2006, Guilhot et al. 2007 ). 

In the majority of studies, T lymphocytes of CML patients have been found to 

be Ph negative and/or BCR-ABL negative (Takahashi et al. 1998, Garicochea 

et al. 1994, Cho et al. 2000). The targets for BCR-ABL include members of the 

Ras, phosphatidylinositol-3 kinase (PI3K)/Akt, and Janus kinases and Signal 

transducers and activators of transcription (Jak/Stat) signaling pathways, 

which regulate cell proliferation and apoptosis (Kantarjian et al. 2006). Src 

kinases are involved in numerous cellular processes in normal cells. Thus, 

several of the intracellular signaling molecules triggered by the ABL kinase are 

also involved in the activation pathways of immune cells (Kantarjian et al. 

2006). 
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Dasatinib is more potent than imatinib and myelosuppression was common in 

patients treated with dasatinib (Talpaz et al. 2006). It is not clear whether some 

side effects that occur during treatment with dasatinib may result from 

suppression of normal progenitor cells growth and differentiation.  

Furthermore, there is some evidence that similar tyrosine kniase inhibitor 

imatinib can affect the function of normal, nonmalignant cells, resulting in 

myelosuppression in treated patients; Imatinib might also affect mobilization, 

proliferation, and differentiation of hematopoietic progenitor cells while leaving 

hematopoietic stem cells unaffected; In several in vitro studies and animal 

models, it was demonstrated that imatinib can affect the function and 

differentiation of APCs and inhibit the effector functions of T lymphocytes. 

Moreover, the induction of specific cytotoxic T cells seems to be impaired in 

CML patients treated with imatinib compared with patients receiving IFN-α. 

This is of importance because some of the therapeutic effects in the treatment 

of patients with CML are mediated by the induction of leukemia-specific T-cell 

responses (Appel et al. 2005). However, the follow-up of CML patients treated 

with dasatinib is short and little is known about the effects of dasatinib on the 

immune responses.  

CML patients might experience a relapse after allogeneic peripheral blood 

stem cell transplantation (allo-PBSCT). In general, there are two treatment 

options: donor lymphocyte infusion (DLI) or therapy with a tyrosine kinase 

inhibitor, such as imatinib, nilotinib and dasatinib. Which option would be better 

for the patients are especially significant, for regulation of immune functions in 

the posttransplant period is especially critical and directly impacts on morbidity 

and mortality (Seggewiss et al. 2005). 

Inhibitory effects of imatinib on T cells have been widely discussed, while little 

is known about the inhibitory effects of dasatinib on nonmalignant 

hematopoietic cells, especially for CD8+ T lymphocytes. We were concerned 

about whether dasatinib had the effects on CD8+ T lymphocytes which were in 

the control role of immune balance in CML patients. 
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4.2 Effects of dasatinib on proliferation, activation and function of CD8+ T 

lymphocytes 

The effects of dasatinib on CD8+ T lymphocytes proliferation in vitro was 

assessed using PHA and IL-2 to stimulate the CD8+ T lymphocytes. The stimuli 

to induce T cell proliferation in vitro included: histoincompatibility between cell 

populations (primary mixed lymphocyte reaction, MLR), nonspecific mitogens 

(PHA), direct T cell activation (anti-CD3/CD28 antibodies), or cognate peptide 

presented in conjugation with the relevant MHC molecule. T cell populations in 

vivo are affected by the cytokine milieu, cell:cell interactions, and stromal 

influences. Although these assays underestimate the complexity of the 

immune systems in vivo, they do assess the ability of T lymphocytes to 

respond to a range of stimuli (Cwynarski et al. 2004). The effects of dasatinib 

on CD8+ T lymphocytes were dose- and time-dependent with some inhibition 

of proliferation as low as 10 nM. Proliferation was almost completely 

suppressed at 25 nM. The maximum concentration (Cmax) of dasatinib is 

about 70~120 nM in a dose escalation study of phase I study (Bristol Myers 

Squibb Company 2006). So we selected the concentrations of dasatinib 

varying from 5 nM to 250 nM, used at concentrations reached in the clinical 

setting for patients at 70 mg twice daily (BID) (Cortes et al. 2006, Guilhot et al. 

2007). While under similar conditions, imatinib could inhibit the proliferation of 

T cells detectable at 1 μM and proliferation was almost completely suppressed 

at 10 μM which demonstrated that dasatinib was greater potency than imatinib 

in vitro for T cells (Weil et al. 2006). Furthermore, we confirmed that inhibition 

of proliferation at these concentrations is not due to the induction of apoptosis. 

In recent studies by Dietz et al, tyrosine kinase inhibitor imatinib inhibited 

delayed-type hypersensitivity (DTH) in mice without affecting on the total 

splenocyte number and numbers of CD3+ + T cells and CD8  T cells, indicating 

that the drug inhibits T cell response but dose not induce apoptosis which got 

the same result in the Seggewiss study (Dietz et al. 2004, Seggewiss et 

al.2005).  
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We found that dasatinib suppressed T cell proliferation in addition to activation. 

The up-regulation of CD25, CD69 and HLA-DR was significantly inhibited by 

dasatinib as low as 5 nM while the concentration of imatinib to inhibit the 

activation markers on T cells is 1 μM (Seggewiss et al. 2005). However, in 

Dietz et al study, no inhibition of these markers was detectable when 

stimulated T cells with PHA. This discrepancy is likely due to the different 

stimulating factors used in the different studies. Consistent with an inhibitory 

effect of dasatinib on CD8+ T lymphocytes, we also found that dasatinib 

arrested CD8+ T lymphocytes accumulating in the G /G0 1 phase of cycle, even 

in the presence of PHA and IL-2 which could explain that dasatinib inhibit 

proliferation of T cells. 

In order to assess the inhibition duration, dasatinib was removed from cell 

culture after 72 hours stimulation and, after a 48 hours resting, CD8+ T 

lymphocytes were re-stimulated with PHA and IL-2. We found that CD8+ T 

lymphocytes proliferation could be restored if the concentrations of dasatinib 

lower than 100 nM which correspond to the clinical setting for patients 

administrated 70 mg BID (Cortes et al. 2006, Guilhot et al. 2007). In vivo 

studies, side effects of dasatinib are frequent, but most are mild to moderate 

and can be managed with either dose reduction or dose interruption and 

supportive care. It is difficult to conclude whether all myelosuppressive toxicity 

is attributable to dasatinib or is also impacted by the underlying leukemia. The 

baseline disease and hematologic compromise may have a greater 

contribution in advanced disease. In addition, the greater potency of dasatinib 

may contribute to more myelosuppression than that reported for imatinib due 

to the rapid clearance of BCR-ABL expressing hematopoietic cells. Based on 

the risk profile, careful monitoring for myelosuppression is warranted when 

administering dasatinib (Bristol Myers Squibb Company 2006). 

 

 

 

 53



Discussion 

+4.3 Dasatinib inhibits proliferation and function of specific CD8  T 

lymphocytes  
+Under conditions that reproduce physiologic stimulation of CD8  T 

lymphocytes, we found that dasatinib inhibits expansion of peptide specific 

CD8+ T lymphocytes in response to IMP, RHAMM 3 and CMV antigens. To 

identity the IMP and CMV specific CD8+ T lymphocytes populations, we used 

an HLA-A2 peptide tetramer as an affinity reagent. Activation of CD8+ T 

lymphocytes result not only in proliferation but also in differentiation of the 

activated cells. Therefore, CD8+ T lymphocytes can be divided into four groups, 

naive, effector, effector/memory, and memory cells, each of which represents a 

distinct activation/differentiation status of a given T-cell clone. These different 

states of T-cell activation are associated with distinct functional and phenotypic 

characteristics. In this regard, effector CD8+ - T cells are CD27 CCR7-CD45RA+ 

(Andersen et al. 2006). In our study, we found that dasatinib inhibits 

proliferation of IMP and CMV specific CD8+ T lymphocytes stimulated by 

HLA-A2 restricted peptide. Further analysis demonstrated that most of the 

cells revealed to be CD8+HLA-A2/IMP tetramer+ - -CCR7 CD27 CD45RA+ and 

CD8+HLA-A2/CMV tetramer+ - - +CCR7 CD27 CD45RA  effector T cells. The 

similar results were found that we used ELISPOT assays to detect the 

production of IFN-γ and granzmye B of IMP and RHAMM 3 specific expansion 

of CD8+ T lymphocytes. Reduction in production of IFN-γ and granzmye B 

demonstrated that the effector function of CD8+ T lymphocytes might be 

reduced in the presence of dasatinib which corresponded to the results of 

tetramer experiments.  

The in vitro assay may not completely reproduce in vivo conditions, but the 

dose-dependent inhibition of IMP, RHAMM 3 and CMV specific proliferation 

argues for interference of dasatinib with clinically important T cell effector 

functions. Expansion of specific CD8+ CTLs is important in clearance and 

control of viral infection. Several studies found an increased risk of CMV 

reactivation in patients with incomplete T cell recovery after allogeneic stem 
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+ cell transplantation and a reduced CD8 CTL response to CMV correlated with 

recurrent CMV reactivation in the first 100 days after transplantation and 

predict reduced disease-free survival (Seggewiss et al. 2005). Appel et al have 

reported that imatinib affects the differentiation of dendritic cells (DCs) 

generated from CD34+ + peripheral blood progenitor cells and CD14  peripheral 

blood monocytes (Appel et al. 2004, Appel et al. 2005). This was associated 

with a reduced ability of DCs to induce primary CTL responses while little is 

know about the effects of dasatinib on DCs and APCs in vitro and in vivo 

conditions. 

DLI is particularly effective for CML patients which can induce a direct and 

potent graft versus tumor (GVT) effect for some patients (Porter et al. 2006). 

The GVT response is a complex, multi-step process that involves repeated 

cycles of activation of donor T cells by antigen on competent APCs, clonal 

expansion of the activated T cells and differentiation of these cells into helper 

and/or cytotoxic effectors (Luznik et al. 2002). While imatinib, nilotinib and 

dasatinib have inhibitory effects on T cells especially on activation, function 

and proliferation, thus impending or at least reducing the therapeutic efficacy 

of DLI. Although the follow-up for patients receiving imatinib is relative short, 

an increase in the incidence of infections and other malignancies has been  

reported and this may be a result of immune dysfunction (Baskaynak et al. 

2003, Mattiuzzi et al. 2003). However, for patients treated with dasatinib, 

myelosuppression is a common side effect which might enhance the risk of 

infection. Of course, other immunosuppressive drugs such as cyclosporine, 

tacrolimus and so on might also hamper T cells function which require 

therapeutic monitoring to avoid the over immunosuppressive effects.  
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4.4 Dasatinib inhibits the T cell receptor (TCR) and NF-κB 

signaltransduction 

TCR signaling commences with an early wave of protein tyrosine kinase 

activity, which is mediated by the Src kinases Lck, the 70 kd ξ chain-associated 

protein (ZAP 70) kinase  etc (Chu et al. 1998, Schaeffer et al. 1999). This 

early wave of protein tyrosine phosphorylation leads to the activation of  

downstream signaling pathways, including PI3K kinase/Akt signaling pathway, 

mitogen-activated protein kinase (MAPK) and NF-κB (Nel et al. 2002). Thus, 

we analyzed the levels of phosphorylation of Lck, ZAP 70, Akt and ERK1/2 

after stimulated CD8+ T lymphocytes for 48 hours with or without 100 nM 

dasatinib showing a direct inhibitory effect of dasatinib on TCR signaling 

pathway. In accordance with our results, it was shown recently by Dietz et al. 

and Seggewiss et al. that imatinib inhibits the T cell function by affecting the 

levels of phosphorylation of Lck, ZAP 70 and ERK 1/2 (Dietz et al. 2004, 

Seggewiss et al. 2005). Appel et al. reported that the presence of imatinib 

during the generation of DCs reduced the phosphorylation of Akt, which is a 

kinase involved in diverse pathways activating NF-κB. Moreover, the PI3K 

inhibitor wortmannin had similar effects on the DCs phenotype as imatinib, 

confirming the involvement of this pathway (Appel et al 2005). 

To further investigate the pathway of dasatinib-mediated effects, we analyzed 

the expression of NF-κB family member proteins in dasatinib treated CD8+ T 

lymphocytes. The transcription factor NF-κB regulates various aspects of 

immune-cell development, homeostasis, survival, and function (Schulze- 

Luehrmann et al. 2006). Numerous genetic models in mice have confirmed the 

essential role of this transcription factor in promoting T cell activation, 

expansion, and effector function in response to infection (Bonizzi et al. 2004, 

Hayden et al. 2004). In normal T lymphocytes, NF-κB translocation to the 

nucleus occurs only after TCR/CD3 and costimulatory molecule engagement 

while it is not activated in resting T lymphocytes (Matsumoto et al. 2002, 

Martino et al. 2002). Since TCR signaling pathway trigger NF-κB, we 
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hypothesized that dasatinib-mediated inhibitory effects may affect this pathway 

(Weil et al. 2004). We analyzed the expression of Rel/NF-κB protein p65, 

p105/50, p100/52, p105, c-Rel and RelB on CD8+ T lymphocytes which 

constitute a family of transcription factors involved in the regulation of a variety 

of gene during the immune response (Appel et al. 2004). Activation of NF-κB is 

a complex process involving the phosphorylation of inhibiting inhibitor of κB 

(IκB) proteins by the IκB kinase complex resulting in the nuclear translocation 

of NF-κB. Mice with gene deletions of different NF-κB family members have 

helped to delineate their individual physiologic role (Weih et al. 1995, Kontgen 

et al. 1995, Sha et al. 1995). In the present study, we found by western blotting 

that, as previously reported (Weil et al. 2004, Blanco et al. 2006) the 

expression of level of phosphorylation of NF-κB family member proteins 

increased in CD8+ T lymphocytes stimulated by anti-CD3 compared with 

resting CD8+ T lymphocytes. Dasatinib decreased activation induced 

up-regulation of NF-κB p105/50, NF-κB p100/52, phospho-NF-κB p105, 

phospho-NF-κB p65, and c-Rel, but did not affect the expression of Rel B and 

NF-κB p65 demonstrating that dasatinib mediates its effects at least in part via 

the NF-κB pathway.  

 

4.5 Dasatinib is more potent than imatinib 

The novel Abl/Src kinase inhibitor, dasatinib, is now in clinical trials worldwide. 

Compared with imatinib, dasatinib has been shown to have ~325-fold greater 

potency in cells transduced with wild-type BCR-ABL, which may be due in part 

to the ability of dasatinib binding both active and inactive BCR-ABL 

conformations (Luo et al. 2006, Copland et al. 2006). Furthermore, dasatinib 

has shown anti-leukemic activity in vitro and in vivo against preclinical models 

of human CML, including those that are resistance to imatinib through a variety 

of mechanism (Luo et al. 2006). When tested against patient-derived 

imatinib-resistant BCR-ABL mutation-positive cell lines, dasatinib showed 

activity against 18 of the 19 lines (Shah et al. 2005, O’Hare et al. 2005). 
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Dasatinib’s increased potency has also been shown in a clinical setting in 

phase I dose escalation studies (Talpaz et al. 2006).  

The mean peak plasma concentration of imatinib after a single administration 

of 400 mg is 4 μM to 5 μM, but can reach 7.5 μM at steady state with 400 mg 

administration (Peng et al. 2004). According to Seggewiss et al study, imatinib, 

at concentrations 1 μM, impeded in vitro proliferation of human T cells and the 

proliferation was almost completely suppressed at 10 μM (Seggewiss. 2005). 

The similar results were also shown in Dietz et al and Cwynarski et al 2004 

studies. (Dietz et al, 2004, Cwynarski et al, 2004). Dasatinib is administered 

twice a day at a recommended dose of 70 mg (Cmax 70-120 nM) (Bristol 

Myers Squibb Company 2006). In our study, dasatinib at concentrations of 

5~10 nM could inhibit the proliferation, activation and function of CD8+ T 

lymphocytes. Dasatinib at concentrations of 25 nM could completely inhibit the 

proliferation, activation and function of CD8+ T which demonstrated that 

dasatinib is more potent than imatinib in vitro.  

 

Taken together, these effects are similar to effects of other tyrosine kinase 

inhibitors on T cells (Cwynarski et al. 2004, Seggewiss et al. 2005) and DCs 

(Appel et al. 2004). However the potency of dasatinib is not only dramatically 

higher than imatinib and nilotinib for the inhibition of proliferation of CML 

progenitor cells, but also for T cells.   

 

In summary, dasatinib should be administrated to CML patients with relapse 

after allo-PBSCT as it hampers the function of CD8+ T lymphocytes considered 

to be crucial for the GVL effect. GVL effect can eradicate the CML progenitor 

clone and therefore definitely cure of the disease with possible. However, 

dasatinib might possess a high potency than imatinib to interfere with the 

expansion of GVL effector T cells, thus reducing the therapeutic efficacy of DLI. 

Therefore, imatinib or DLI might be more favorable options for these particular 

CML patients after allo-PBSCT. 
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5. Summary 

 

Dasatinib is a novel, oral, multi-targeted kinase inhibitor of Breakpoint cluster 

region-Abelson (BCR-ABL) and cellular homologue of Rous sarcoma virus 

oncogenic protein (Src) family kinases that differs from imatinib in that it can 

bind both the active and inactive conformations of the Abelson (ABL) kinase. 

Dasatinib is a promising therapeutic agent for imatinib-resistant or -intolerant 

chronic myeloid leukemia (CML) or Philadelphia-positive acute lymphoblastic 

leukemia (ALL) patients. Since ABL-dependent intracellular signaling 

molecules are included in T cell activation, dasatinib may affect T cell function 

and immune responses, relevant in the setting of allogeneic transplantation. 

Here we investigated the inhibitory effects of dasatinib on cluster of 

differentiation (CD)8+ T lymphocytes. CD8+ T lymphocytes were isolated from 

peripheral blood mononuclear cells (PBMCs) and cultured with 

phytohemagglutinin (PHA) and interleukin-2 (IL-2) in the presence or absence 

of dasatinib. A 5-bromo-2-deoxyuridine (BrdU) incorporation assay was used 

to detect the effects of dasatinib on cell proliferation and cell cycle progression. 

Furthermore, apoptosis of CD8+ T lymphocytes was assessed by staining with 

Annexin V and Propidium Iodide (PI). The T cell activation markers CD25, 

CD69, human leukocyte antigen-DR (HLA-DR) were assessed by flow 

cytometry. Proliferation and function of peptide specific CD8+ T lymphocytes 

were measured by tetramer staining and enzyme-linked immunospot 

(ELISPOT) using the mixed lymphocyte peptide culture (MLPC) technique to 

culture cells with different concentrations of dasatinib. Western blotting 

analysis was preformed to detect T cell receptor and nuclear factor-κappa B 

(NF-κB) signaling events on CD8+ T lymphocytes treated with dasatinib. 

Dasatinib inhibited the proliferation of CD8+ T lymphocytes in a dose- and 

time- dependent manner. The inhibition was not due to an increased rate of 

apoptosis but ascribed to the down-regulation of activation markers CD25, 
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CD69 and HLA-DR and arrest of cells in the Gap 0 (G )/G0 1 cell cycle phase. 

Furthermore, the dose-dependent inhibition of proliferation of specific CD8+ T 

lymphocytes by dasatinib was associated with the reduction in Interferon-γ 

(IFN-γ) and granzyme B. Inhibition of the proliferation of CD8+ T lymphocytes 

was partially reversible after the removal of dasatinib from the cultures. Using 

Western blotting analysis, we found that these effects were mediated at least 

in part by down-regulation of the phosphorylation of levels of T cell receptor 

(TCR) signaling, particularly the NF-κB pathway. Taken together, our study 

revealed that dasatinib impairs the CD8+ T lymphocytes proliferation, 

activation and function in vitro via TCR and NF-κB signal transduction, not 

including the induction of apoptosis. 
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6. Zusammenfassung 

 

Dasatinib ist ein neuer, oraler, an mehreren Zielstrukturen der „Breakpoint 

cluster region-Abelson (BCR-ABL)“-Tyrosin- und „cellular homologue of Rous 

sarcoma virus oncogenic protein (Src)“-Kinasen angreifender Inhibitor, welcher 

sich von Imatinib darin unterscheidet, dass er die aktiven und inaktiven 

Konformationen der ABL-Kinase binden kann. Dasatinib ist ein viel 

versprechendes Therapeutikum für die Imatinib-resistente oder refraktäre 

Chronische Myeloische Leukämie (CML) oder für Patienten mit einer 

Philadelphia-positiven Akuten Lymphatischen Leukämie (ALL). Da 

ABL-abhängige intrazelluläre Signalmoleküle für die T-Zell Aktivierung wichtig 

sind, könnte Dasatinib die T-Zell-Funktion und die Immunantwort im Rahmen 

der allogenen Transplantation beeinflussen. In dieser Studie haben wir die 

inhibierenden Effekte von Dasatinib auf CD8+ T-Lymphozyten untersucht. 

CD8+ T-Lymphozyten wurden aus dem peripheren Blut isoliert und  

zusammen mit Phytohämagglutinin (PHA) und Interleukin-2 (IL-2) und mit  

oder ohne Dasatinib kultiviert. Ein 5-Bromo-2-Deoxyuridine (BrdU-) 

Inkorporations-Versuch wurde durchgeführt, um Effekte von Dasatinib auf die 

Zell-Proliferation und den Zellzyklus zu bestimmen. Des Weiteren wurde die 

Apoptose von CD8+ T-Lymphozyten anhand einer Annexin V und 

Propidium-Iodid (PI) Färbung untersucht. Die T-Zell-Aktivierungsmarker 

„Cluster of differentiation“ (CD)25, CD69 und das Humane 

Leukozyten-Antigen DR (HLA-DR) wurden mit der Durchflusszytometrie 

gemessen. Die Proliferation und die Funktion von Peptid-spezifischen CD8+ 

T-Lymphozyten wurden mit der Tetramer-Färbung und dem ELISpot- 

(Enzyme-linked immunospot-) Assay erhoben, basierend auf der Gemischten 

Lymphozyten-Kultur (MLPC), um die Zellen mit verschiedenen 

Konzentrationen von Dasatinib zu inkubieren. Die Western Blot-Methode 

wurde eingesetzt für die Analyse von T-Zell-Rezeptoren und von Nuclear 
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Factor-kappa B-(NF-κB-) Signalen auf mit Dasatinib behandelte 

CD8+T-Lymphozyten. Dasatinib inhibierte die Proliferation von 

CD8+T-Lymphozten in einer Dosis- und Zeit- abhängigen Art und Weise. Die 

Inhibition erfolgte nicht auf Grund einer erhöhten Apoptoserate, sondern durch 

die Herunterregulation von Aktivierungsmarkern wie CD25, CD69 und HLA-DR 

und einem Arrest der Zellen in der Gap 0 (G0)/G1-Zellzyklusphase. Des 

Weiteren war die Dosis-abhängige Inhibition der Proliferation von spezifischen 

CD8+T-Lymphozyten durch Dasatinib assoziiert mit einer Reduktion von 

Interferon-gamma und Granzym B. Nach der Entfernung von Dasatinib aus 

den Kulturen war die Inhibition der Proliferation von CD8+T-Lymphozyten 

teilweise reversibel. Im Western Blot zeigte sich, dass diese Effekte zum Teil 

durch eine Herunterregulation des Phosphorylierungsgrades von T-Zell 

Rezeptor Signalen, insbesondere des NF-κB-Pathways herbeigeführt wurden. 

Zusammengefasst konnte gezeigt werden, dass Dasatinib die Proliferation, 

Aktivierung und Funktion von CD8+ T-Lymphozyten in vitro inhibiert. Dies 

geschieht durch Veränderungen in der Signaltransduktionskaskade des 

T-Zell-Rezeptors und des nukleären Transkriptionsfaktors NF-κB. Die 

Apoptose bleibt davon unberührt. 
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