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Abstract Background: Imatinib mesylate blocks the
tyrosine kinase activity of KIT (CD117) and is an
effective treatment for gastrointestinal stromal tumors.
In multiple myeloma, KIT expression has been detected
by flow cytometry in about 33% of specimens, but no
previous immunohistochemical assessment has yet been
made of the expression pattern of KIT. Materials and
methods: We performed immunohistochemical analyses
of 100 patients, including 72 with multiple myeloma
(MM), 8 with lymphoplasmacytic lymphoma (LPL), 10
with monoclonal gammopathy of undetermined signifi-
cance (MGUS) and 10 with reactive plasmocytosis. One
KIT-positive MM was sequenced using polymerase chain
reaction analysis. Results: In MM, only 2 cases (2.8%)
were KIT positive. The great majority of the cases (97,
2%) did not express the KIT receptor tyrosine kinase. No
mutation of the c-kit gene was detected. Conclusions:
KIT expression is a rare event in MM and not detectable
in MGUS and LPL. Therefore, treatment with imatinib is
unlikely to be effective in these patients.
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Introduction

Imatinib mesylate (Glivec) is a specific inhibitor of
tyrosine kinases, such as Abl, KIT (CD117) and platelet-
derived growth factor receptor (PDGF-R). Several studies
have shown the effectiveness of imatinib mesylate as a
molecular target treatment in chronic myelogenous leu-

kemia [9] via blockade of bcr-abl activity, in gastrointes-
tinal stromal tumors (GIST) [4, 15] via KIT inhibition and
in dermatofibrosarcoma protuberans [14] and hypere-
osinophilic syndrome [3] via interference with PDGF-R
activation. This has raised hopes that other malignancies
resulting from oncogenic activation of these kinases may
benefit from molecular target therapy.

Multiple myeloma (MM) is a malignant plasma cell
neoplasia, characterized by osteolytic lesions, marrow
plasmocytosis and monoclonal gammopathy [7]. Current-
ly, the therapy for MM includes conventional low-dose
chemotherapy or high-dose chemotherapy with autolo-
gous or allogeneic stem cell transplantation. Although the
tumor burden can be reduced, a complete and sustained
remission of disease is rare, and most of the patients
suffer from relapsing disease [16]. Therefore, novel
therapies are urgently needed. Because flow cytometry
has revealed KIT expression in 33% of MM (range 26–
43%) [1, 5, 10, 11, 12], aberrant KIT expression in MM
could provide the rationale for treatment with imatinib
mesylate. However, no immunohistochemical analysis
assessing the in situ expression of KIT in MM has been
performed prior to the study reported herein.

The aim of our study was to investigate KIT expression
by immunohistochemical analysis in a large cohort of
bone-marrow biopsies of patients with MM, monoclonal
gammopathy of undetermined difference (MGUS), lym-
phoplasmacytic lymphoma (LPL) and reactive plasmacy-
tosis (RP) to provide the histopathological basis for a pu-
tative molecular-targeted therapy with imatinib mesylate.

Materials and methods

Patients

We retrospectively reviewed bone marrow biopsies of 100 patients,
90 with monoclonal gammopathies (72 MM, 8 LPL and 10 MGUS)
and 10 with RP, retrieved from the archives of the Institute of
Pathology, University of Basel.

The diagnoses of MM, LPL, MGUS and RP were established by
histomorphology and immunohistochemistry. All specimens were
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reviewed and reclassified according to the World Health Organi-
zation classification criteria [6].

Immunohistochemistry

Serial sections 4-mm thick of 99 SUSA- and 1 formalin-fixed
paraffin-embedded bone-marrow biopsies were used for immuno-
histochemical studies. The primary antibodies used in this study
and types of antigen retrieval performed are summarized in Table 1.

Heat-induced antigen retrieval was performed in a microwave
in ethylene diamine tetraacetic acid buffer (pH 8.0). An automated
modified streptavidin-biotin system (Ventana Medical Systems,
Tucson, AZ) was used for immunohistochemical staining. Mast
cells served as internal positive control and a mutation-confirmed
GIST as external positive control for CD117. Moreover, to obtain
definite specificity control for CD117, the reaction was blocked by
pre-incubation of the primary antibody with the specific antigen
(10 nmol/ml diluted antibody, Novocastra). Positivity was defined
as more than 10% KIT-positive plasma cells, considering only a
membranous staining pattern.

Polymerase chain reaction sequence analysis

One MM with moderate CD117 staining was selected for KIT
mutation analysis [the MM with weak CD117 staining could not be
analyzed by polymerase chain reaction (PCR) due to SUSA fixation
of the bone marrow biopsy]. Deparaffinizing the formalin-fixed
tissues and DNA extraction was performed using a commercial
DNA extraction kit (Qia Amp DNA mini-kit, Cat. #51304, Qiagen
GmbH, Hilden, Germany). Exons 2, 8, 9, 11, 13 and 17 were
amplified using a semi-nested PCR approach and were sequenced
using the Big Dye Terminators Cycle Sequencing Ready Reaction
Kit (Applied Biosystems, Foster City, CA). The primers were
designed based on a previously published sequence of the human c-
kit gene [2]. Sequence products were analyzed on an ABI Prism 310
Genetic Analyzer (Applied Biosystems; Foster City, CA, USA).

Results

Patients

The median age of the various patient populations was:
MM (41 males and 31 females) 66 years (range: 31–
89 years), LPL (8 males) 70 years (range: 52–81 years),
MGUS (3 males and 7 females) 64 years (range: 36–
80 years) and RP (5 males and 5 females) 73 years (range:
52–81 years) (Table 2).

Immunohistochemistry

The monotypic immunoglobulin detected in the 72 MM
patients was IgG in 53% (21% kappa and 32% lambda)
and IgA in 28% (15% kappa and 13% lambda). Mono-
typic light chains only were observed in 19% (equal
distribution of kappa and lambda). In the eight LPL
patients, IgM-kappa was found in 75% and IgM-lambda
in 25%. In the ten MGUS patients, the M-component was
IgG in 60% (kappa in 50% and lambda in 10%), IgA-
lambda in 20%, IgM-kappa in 10% and only light chain
(lambda) in 10%, respectively. Of the 72 MM cases, two
(2.8%) were immunohistochemically KIT positive. One
case (IgG-kappa) showed a moderate membranous ex-
pression in nearly 100% of the plasma cells (Fig. 1A, B,
C), and the other case (IgG-lambda) showed a weak
expression in 50% of the plasma cells (Fig. 2). Of MM,
97% (70/72) were KIT negative, and 100% of LPL,
MGUS and RP were KIT negative.

Table 1 Primary antibodies
and antigen retrieval tech-
niques. MW microwave-based
antigen retrieval with ethylene
diamine tetraacetic acid buffer,
pH 8.0

Antibody Clonality Antigen retrieval Dilution Source Code number

CD117 Polyclonal MW; 100�C, 150 1:40 Dako A4502
CD138 Monoclonal MW; 100�C, 150 1:15 Dako M7228
IgG Polyclonal None 1:5000 Dako A0423
IgA Polyclonal None 1:10,000 Dako A0262
IgM Polyclonal None 1:5000 Dako A0425
Light chain l Polyclonal None 1:10,000 Dako A0193
Light chain k Polyclonal None 1:10,000 Dako A0191

Table 2 Patient characteristics.
LPL lymphoplasmacytic lym-
phoma, MGUS monoclonal
gammopathy of undetermined
significance

Multiple myeloma LPL MGUS Reactive plasmocytosis

General data

Number of patients 72 8 10 10
Median age,

years (range)
66 (31–89) 70 (52–81) 64 (36–80) 73 (52–81)

Gender male 41 8 3 5

M-component

IgG, kappa 21% 50%
IgG, lambda 32% 10%
IgA, kappa 15% 0%
IgA, lambda 13% 20%
IgM, kappa 0% 75% 10%
IgM, lambda 0% 25% 0%
Lambda, only 9.5% 10%
Kappa, only 9.5% 0%
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KIT positivity in mast cells serving as internal control
was detected in all cases. The definitive specificity
control of the two positive MM cases was obtained by
pre-incubation of the primary antibody.

PCR

DNA was extracted from the MM case with moderate
KIT expression and amplified and sequenced as de-
scribed. No mutation of the exon 2, 8, 9, 11, 13 and 17 of
the c-kit gene was detected.

Discussion

In the present study, we have shown that KIT is rarely
expressed in MM. Only 2 of 72 cases (2.8%) demonstra-
ted immunohistochemically detectable expression, and all
cases of MGUS, RP and LPL were KIT negative.

To our knowledge, this is the first study to systemat-
ically analyze KIT expression in plasma cells on paraffin
sections. Yang et al. assessed the immunophenotype of
cutaneous and extracutaneous mast cell disease on
paraffin sections and included in their study, four cases
of MM without finding KIT expression [17]. Natkunam et

Fig. 1 Bone marrow with diffuse infiltration of atypical plasma
cells in multiple myeloma (Giemsa, �63) (a). Immunostaining for
CD138 (�40), showing a strong positivity of malignant plasma cells

(b). Immunostaining for CD117 (�40) with moderate positivity in
malignant plasma cells (c)
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al. analyzed the utility of paraffin section immunohisto-
chemistry for KIT in the differential diagnosis of systemic
mast cell disease involving the bone marrow and found no
expression of KIT in various B-cell lymphomas or plasma
cell tumors [8]. The slight discrepancy in KIT detection
between immunohistochemistry and flow cytometry is not
unusual and may be related to fixation and processing or
to the specificity of the anti-CD117 antibodies employed.

Based on our large series of 72 cases and these few
reports from the literature, we conclude that MM is not a
candidate disease for treatment with imatinib mesylate, as
the majority of cases do not express the KIT target. This
conclusion is clearly corroborated by the fact that in the
B2225 study, an international multi-center trial assessing
the efficacy of imatinib mesylate in advanced/metastatic
malignancies, all six patients with MM (some expressing
KIT in >50% of plasma cells) showed disease progression
while under treatment with imatinib (personal communi-
cation with Novartis).

Thus, for the few cases of MM that show KIT
expression, demonstration of the imatinib target is not, in
itself, sufficient to achieve the expected clinical effects.
Obviously, the tyrosine kinase of the involved receptor
should be functionally active, such as in most cases of
GIST [13]. In general, activating oncogenic mutations of
target genes is a prerequisite for a clinical response to
imatinib therapy [3, 4, 9, 14, 15].

In agreement with the clinical data from the B2225
study (myeloma patients with disease progression while
under treatment), PCR analysis of our MM case with
moderate KIT expression revealed a wild-type gene
configuration, i.e., no mutations in exons 2, 8, 9, 11, 13
and 17. Another possible pathway of successful treatment

of MM patients with imatinib could be targeting PDGFR
signaling. We, therefore, tested several anti-PDGFR
antibodies, but did not obtain reliable and reproducible
results. Continuative mutational analysis was not possi-
ble, due to RNA/DNA degradation in SUSA-fixed tissue.
However, based on the clinical findings from the B2225
study mentioned above, a pathogenetic and therapeutic
role of PDGFR in MM is unlikely.

In summary, most cases of MM are immunohisto-
chemically KIT negative. The very few positive cases
probably do not show activating KIT mutations and,
therefore, will not respond to imatinib treatment.

References

1. Almeida J, Orfao A, Ocqueteau M, Mateo G, Corral M,
Caballero MD, Blade J, Moro MJ, Hernandez J, San Miguel JF
(1999) High-sensitive immunophenotyping and DNA ploidy
studies for the investigation of minimal residual disease in
multiple myeloma. Br J Haematol 107:121–131

2. Andre CHA, Lachaume P, Martin E, Wang XP, Manus V, Hu
WX, Galibert F (1997) Sequence analysis of two genomic
regions containing the KIT and FMS receptor tyrosine kinase
genes. Genomics 39:216–226

3. Cools J, DeAngelo DJ, Gotlib J, Stover EH, Legare RD, Cortes
J, Kutok J, Clark J, Galinsky I, Griffin JD, Cross NC, Tefferi A,
Malone J, Alam R, Schrier SL, Schmid J, Rose M, Vanden-
berghe P, Verhoef G, Boogaerts M, Wlodarska I, Kantarjian H,
Marynen P, Coutre SE, Stone R, Gilliland DG (2003) A
tyrosine kinase created by fusion of the PDGFRA and FIP1L1
genes as a therapeutic target of imatinib in idiopathic hyper-
eosinophilic syndrome. N Engl J Med 348:1201–1214

4. Demetri GD, von Mehren M, Blanke CD, Van den Abbeele
AD, Eisenberg B, Roberts PJ, Heinrich MC, Tuveson DA,
Singer S, Janicek M, Fletcher JA, Silverman SG, Silberman SL,
Capdeville R, Kiese B, Peng B, Dimitrijevic S, Druker BJ,
Corless C, Fletcher CD, Joensuu H (2002) Efficacy and safety
of imatinib mesylate in advanced gastrointestinal stromal
tumors. N Engl J Med 347:472–480

5. Garcia-Sanz R, Orfao A, Gonzalez M, Tabernero MD, Blade J,
Moro MJ, Fernandez-Calvo J, Sanz MA, Perez-Simon JA,
Rasillo A, Miguel JF (1999) Primary plasma cell leukemia:
clinical, immunophenotypic, DNA ploidy, and cytogenetic
characteristics. Blood 93:1032–1037

6. Jaffe ES, Jarris NL, Stein H, Vardiman JW (eds) (2001) World
Health Organization classification of tumours. Pathology and
genetics of tumours of haematopoietic and lymphoid tissues.
IARC Press, Lyon

7. Knowles DM (2001) Neoplastic hematopathology, 2nd edn.
Lippincott Williams and Wilkins, Philadelphia

8. Natkunam Y, Rouse RV (2000) Utility of paraffin section
immunohistochemistry for C-KIT (CD117) in the differential
diagnosis of systemic mast cell disease involving the bone
marrow. Am J Surg Pathol 24:81–91

9. O’Brien SG, Guilhot F, Larson RA, Gathmann I, Baccarani M,
Cervantes F, Cornelissen JJ, Fischer T, Hochhaus A, Hughes T,
Lechner K, Nielsen JL, Rousselot P, Reiffers J, Saglio G,
Shepherd J, Simonsson B, Gratwohl A, Goldman JM, Kantar-
jian H, Taylor K, Verhoef G, Bolton AE, Capdeville R, Druker
BJ (2003) Imatinib compared with interferon and low-dose
cytarabine for newly diagnosed chronic-phase chronic myeloid
leukemia. N Engl J Med 348:994–1004

10. Ocqueteau M, Orfao A, Garcia-Sanz R, Almeida J, Gonzalez
M, San Miguel JF (1996) Expression of the CD117 antigen (c-
Kit) on normal and myelomatous plasma cells. Br J Haematol
95:489–493

Fig. 2 Immunostaining for CD117 (�40) with weak positive
malignant plasma cells (arrow) and adjacent strong positive mast
cells as internal control

267



11. Ocqueteau M, Orfao A, Almeida J, Blade J, Gonzalez M,
Garcia-Sanz R, Lopez-Berges C, Moro MJ, Hernandez J,
Escribano L, Caballero D, Rozman M, San Miguel JF (1998)
Immunophenotypic characterization of plasma cells from
monoclonal gammopathy of undetermined significance pa-
tients. Implications for the differential diagnosis between
MGUS and multiple myeloma. Am J Pathol 152:1655–1665

12. Rasmussen T, Jensen L, Johnsen HE (2000) The clonal
hierarchy in multiple myeloma. Acta Oncol 39:765–770

13. Rubin BP, Singer S, Tsao C, Duensing A, Lux ML, Ruiz R,
Hibbard MK, Chen CJ, Xiao S, Tuveson DA, Demetri GD,
Fletcher CD, Fletcher JA (2001) KIT activation is a ubiquitous
feature of gastrointestinal stromal tumors. Cancer Res 61:8118–
8121

14. Rubin BP, Schuetze SM, Eary JF, Norwood TH, Mirza S,
Conrad EU, Bruckner JD (2002) Molecular targeting of

platelet-derived growth factor B by imatinib mesylate in a
patient with metastatic dermatofibrosarcoma protuberans. J
Clin Oncol 20:3586–3591

15. van Oosterom AT, Judson I, Verweij J, Stroobants S, Donato di
Paola E, Dimitrijevic S, Martens M, Webb A, Sciot R, Van
Glabbeke M, Silberman S, Nielsen OS (2001) Safety and
efficacy of imatinib (STI571) in metastatic gastrointestinal
stromal tumours: a phase I study. Lancet 358:1421–1423

16. Wickramasinghe SN, McCullough J (2003) Blood and bone
marrow pathology, 1st edn. Churchill Livingstone, London

17. Yang F, Tran TA, Carlson JA, Hsi ED, Ross CW, Arber DA
(2000) Paraffin section immunophenotype of cutaneous and
extracutaneous mast cell disease. Am J Surg Pathol 24:703–709

268


