
Letter to the Editor

In vitro efficacy of tyrosine kinase inhibitors:
SYK and BCR-ABL inhibitors in lymphomas

To the Editor

The B cell receptor (BCR) signalling pathway is believed

to play a major role in B cell lymphoma growth and

survival [1,2]. SYK is a critical non-receptor tyrosine

kinase involved in the BCR signalling, that, when

activated, leads to intracellular calcium mobilization,

activation of AKT, mitogen-activated protein kinases and

NFkB. A relatively strong expression of SYK can be

demonstrated in the vast majority of non-Hodgkin

lymphoma subtypes [3], and inhibition of SYK has been

shown as a new promising therapeutic approach for

lymphoid neoplasms [4–8]. Here, we report new in vitro

data on the activity of different SYK inhibitors in

lymphoma cell lines and lymphoma primary cells.

Based upon our previous data on mantle cell lymphoma

(MCL) cell lines [4], we first treated six diffuse large B cell

lymphomas (DLBCL) cell lines (Karpas 422, VAL,

SUDHL-6, OCI Ly19, U2392 and DOHH2) with increas-

ing doses of the SYK inhibitor piceatannol (3,4,30,50-
tetrahydroxy-trans-stilbene; Sigma, Fluka Chemie GmbH,

Buchs, Switzerland) for 72 h (Figure 1A). Cell growth
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Figure 1. (A) Cytotoxic effect of piceatannol on DLBCL cell lines. Cells were exposed for 72 h to the indicated concentration of the
drug. Y-axis, percentage of viable cells. X-axis, doses of piceatannol in mM. Error-bars represent the standard deviation calculated for at
least 12 replicates derived from three different experiments. Viable cell number was determined by measuring 3-(4,5-dimethylthiazol-
2-yl)-2,5-dimethyltetrazolium bromide (MTT) dye absorbance as previously described [4,17]. (B) Basal levels of SYK in DLBCL cell lines
and demonstration of the presence of an extra-copy of the gene by FISH. Upper panel: Immunoblotting showing SYK protein
expression. Lower panel: FISH analysis using BAC targeting SYK region (red) metaphases of SUD-HL-6 DLBCL cell line. FISH was
performed as previously described [4]
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inhibition was observed: the 50% inhibitory concentrations

(IC50) were 18mM in SUDHL-6, 25mM in U2392, 37mM
in DOHH2, 48mM inKarpas 422 and higher than 50mM in

OCI-Ly19 and in VAL. SUDHL-6, which was the most

sensitive and that showed a clear dose–response, was the

cell linewith the highest level of SYK at protein level and it

presented an extra-copy of the locus containing SYK,

as shown by fluorescence in situ hybridization (FISH)

(Figure 1B). In SUDHL6, the cell growth inhibition was

due to apoptosis induction, as shown by Western blotting

with antibodies specific for the cleaved form of poly (ADP-

ribose) polymerase (PARP) (Figure 2A). Treatment of the

MCL cell line Jeko1 and of DLBCL cell line SUDHL-6

with the corresponding IC50 doses of piceatannol

determined a reduction of the levels of total cellular

phospho-tyrosine residues at 24, 48 and 72 h (Figure 2B),

showing that indeed the activity of piceatannol might be

mediated by a reduction in tyrosines phosphorylation, as

described in chronic myeloid leukaemia (CML) after

treatment with imatinib [9].

Three of the six DLBCL cell lines and the four MCL cell

lines (NCEB-1, REC, Granta-519 and JeKo-1) [4] were

then exposed to increasing doses of a potent SYK/ZAP7

inhibitor, NVP, for 72 h. Only the two cell lines expressing

high levels of SYK, JeKo-1 and SUD-HL-6, showed an

IC50 of 1mM, a dose used to block mast cell degranulation

without affecting cell viability [10], suggesting a SYK-

mediated cytotoxic effect. The MCL cell line Granta-519

had a similar IC50, but the inhibitory effect was not evident

at higher doses, while Karpas 422 had an IC50 of 5mM.

VAL, Rec and NCEB1 were not sensitive to the compound

at doses up to 25mM.

Due to the suggested capacity of the BCR-ABL

inhibitor imatinib to bind SYK [11], the MCL and

DLBCL cell lines were exposed to increasing doses of

the two BCR-ABL inhibitors imatinib and nilotinib

already in the clinical setting. No cell line responded

to doses of imatinib lower than 12.5mM, thus beyond

the concentration clinically achievable and used for

CML and other sensitive neoplasms [12–15]. Still,

JeKo-1 and SUD-HL-6 showed progressive inhibition

of cell proliferation reaching the IC50 at a dose of 15–

20mM, indicating a possible dose-dependent cytotoxic

effect in the two cell lines with constitutively high SYK

levels.

To obtain further data on the relevance of SYK

inhibition in lymphoma, we treated five lymphoma primary

cells derived from DLBCL and three from leukaemic

MALT lymphomas with increasing doses of NVP and

piceatannol (0, 2, 5 and 10mM) and with nilotinib at the

clinically reachable [16] dose of 2mM. A dose of 10mMof

piceatannol induced at least 50% reduction of cell

proliferation in four DLBCL, but had no effect on the

remaining primary cells. NVP induced more than 50%

cytotoxicity in 2/3 MALT lymphoma samples at a dose of

2mM, while DLBCL primary cells did not respond.

Nilotinib induced more than 50% decrease of the viable

cell number in 1/3 MALT lymphomas and in 1/5 DLBCL

samples. These data obtained on lymphoma primary cells

confirmed the cytotoxic activity of tyrosine kinase

inhibitors in lymphoma primary cells, but the heterogenous

pattern of response suggested that the effect was not

necessarily mediated by SYK inhibition, but it could be

due to inhibition of other molecules contributing to the

constitutive BCR signalling.

In conclusion, our functional characterization of SYK in

lymphoma cell lines and lymphoma primary cells support

the design of prospective trials testing different molecules

targeting SYK.
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Figure 2. (A) Effect of piceatannol on the induction of apoptosis
in SUDHL-6. Apoptosis was detected by immunoblotting with an
antibody directed against the cleaved form of PARP in untreated
control cells (-) and in cells treated (þ) for 12 and 24 h with IC50

dose of piceatannol, as previously described [17]. Tubulin was
used as a control for sample loading (lower panel). (B) Effect of
piceatannol on total cellular level of phospho-tyrosine on MCL
and DLBCL cell lines. Phospho-tyrosines were detected by
immunoblotting with P-Tyr-100 antibody (Cell Signaling Tech-
nology, Danvers, MA, USA) directed against any phospho-Tyr
residues in a manner largely independent of the surrounding
amino acid sequence of the individual proteins. -, untreated
control cells; þ, cells treated for 48 h with IC50 dose of picea-
tannol. Tubulin was used as a control for sample loading

Copyright � 2011 John Wiley & Sons, Ltd. Hematol Oncol (2011)

DOI: 10.1002/hon

Letter to the Editor



References

1. Mocsai A, Ruland J, Tybulewicz VL. The SYK tyrosine kinase: a

crucial player in diverse biological functions. Nat Rev Immunol

2010; 10: 387–402.
2. Klein U, Pasqualucci L. B-cell receptor signaling derailed in

lymphomas. Immunol Cell Biol 2010; 88: 346–347.
3. Ponzoni M, Uccella S, Mian M, Rinaldi A, Facchetti F, Pruneri

G, et al. Syk expression patterns differ among B-cell lymphomas.

Leuk Res 2010; 34: e243–245.
4. Rinaldi A, Kwee I, Taborelli M, Largo C, Uccella S, Martini V,

et al. Genomic and expression profiling identifies the B cell

associated tyrosine kinase Syk as a possible therapeutic target in

mantle cell lymphoma. Br J Haematol 2006; 132: 303–316.
5. Chen L, Monti S, Juszczynski P, Daley J, Chen W, Witzig TE,

et al. SYK-dependent tonic B-cell receptor signaling is a rational

treatment target in diffuse large B-cell lymphoma. Blood 2008;

111: 2230–2237.
6. Young RM, Hardy IR, Clarke RL, Lundy N, Pine P, Turner BC,

et al. Mouse models of non-Hodgkin lymphoma reveal Syk as an

important therapeutic target. Blood 2009; 113: 2508–2516.
7. Kim SW, Rai D, McKeller MR, Aguiar RC. Rational combined

targeting of phosphodiesterase 4B and SYK in DLBCL. Blood

2009; 113: 6153–6160.
8. Friedberg JW, Sharman J, Sweetenham J, Johnston PB, Vose JM,

Lacasce A, et al. Inhibition of Syk with fostamatinib disodium

has significant clinical activity in non-Hodgkin lymphoma and

chronic lymphocytic leukemia. Blood 2010; 115: 2578–2585.
9. Schultheis B, Szydlo R, Mahon FX, Apperley JF, Melo JV.

Analysis of total phosphotyrosine levels in CD34þ cells from

CML patients to predict the response to imatinib mesylate

treatment. Blood 2005; 105: 4893–4894.
10. MacGlashan DW Jr. Endocytosis, recycling, and degradation of

unoccupied Fc{epsilon}RI in human basophils. J Leukoc Biol

2007; 82: 1003–1010.
11. Atwell S, Adams JM, Badger J, Buchanan MD, Feil IK, Froning

KJ, et al. A novel mode of Gleevec binding is revealed by the

structure of spleen tyrosine kinase. J Biol Chem 2004; 279:
55827–55832.

12. Weisberg E, Manley PW, Breitenstein W, Bruggen J, Cowan-

Jacob SW, Ray A, et al. Characterization of AMN107, a selective

inhibitor of native and mutant Bcr-Abl. Cancer Cell 2005; 7:
129–141.

13. Golemovic M, Verstovsek S, Giles F, Cortes J, Manshouri T,

Manley PW, et al. AMN107, a novel aminopyrimidine inhibitor

of Bcr-Abl, has in vitro activity against imatinib-resistant chronic

myeloid leukemia. Clin Cancer Res 2005; 11: 4941–4947.
14. Krystal GW, Honsawek S, Litz J, Buchdunger E. The selective

tyrosine kinase inhibitor STI571 inhibits small cell lung cancer

growth. Clin Cancer Res 2000; 6: 3319–3326.

15. O’Hare T, Walters DK, Stoffregen EP, Jia T, Manley PW, Mestan

J, et al. In vitro activity of Bcr-Abl inhibitors AMN107 and BMS-

354825 against clinically relevant imatinib-resistant Abl kinase

domain mutants. Cancer Res 2005; 65: 4500–4505.
16. O’Hare T, Walters DK, Deininger MW, Druker BJ. AM N107:

tightening the grip of imatinib. Cancer Cell 2005; 7: 117–119.
17. Lacrima K, Rinaldi A, Vignati S, Martin V, Tibiletti MG,

Gaidano G, et al. Cyclin-dependent kinase inhibitor seliciclib

shows in vitro activity in diffuse large B cell lymphomas. Leuk

Lymphoma 2007; 48: 158–167.

Andrea Rinaldi1

Maurilio Ponzoni2

Silvia Uccella3

Davide Rossi4

Gianluca Gaidano4

Fabio Facchetti5

Giancarlo Pruneri6

Maria Grazia Tibiletti3

Carlo Capella3

Emanuele Zucca1

Claudio Doglioni2

Carlo Catapano1

Francesco Bertoni1

1Laboratory of Experimental Oncology and

Lymphoma Unit, Oncology Institute of Southern

Switzerland (IOSI), Bellinzona, Switzerland
2Pathology Unit and Unit of Lymphoid Malignancies,

San Raffaele H Scientific Institute, Milan, Italy
3Anatomic Pathology Unit, University of Insubria,

Osp. di Circolo, Varese, Italy
4Division of Hematology, Department of Clinical and

Experimental Medicine and Centro Interdisciplinare di

Biotecnologie per la Ricerca Medica Applicata,

‘‘Amedeo Avogadro’’ University of Eastern Piedmont,

Novara, Italy
5Division of Hematology, Department of Pathology,

University of Brescia, I Servizio di Anatomia Patologica,

Spedali Civili di Brescia, Brescia, Italy
6Division of Pathology and Laboratory Medicine,

European Institute of Oncology, Milan, Italy

Copyright � 2011 John Wiley & Sons, Ltd. Hematol Oncol (2011)

DOI: 10.1002/hon

SYK inhibition in lymphomas


