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ABSTRACT

The KIT mutation D816V is associated with autonomous growth of mast cells (MC) and is
detectable in most patients with systemic mastocytosis (SM), including cases with associ-
ated hematologic non-MC-lineage disease (AHNMD). Recently, KIT D816V was reported to
be expressed in patients with acute myeloid leukemia (AML). However, it was not clarified
whether these patients have co-existing occult SM. We investigated neoplastic cells in 101
patients with AML for expression of KIT D816V. In 7/101 patients (6.9%), KIT D816V was de-
tectable. After a thorough histologic, molecular, and biochemical analysis, all 7 cases were
found to have an associated SM, leading to the final diagnosis SM-AML. Microdissected
tryptase+ MC displayed KIT D816V in all patients tested, whereas CD34+ blasts exhibited
KIT D816V in only 2/4 patients. In one AML patient, SM without KIT D816V was detected.
In all other patients, no associated SM was found, and leukemic blasts were negative for
KIT D816V. In summary, our data show that KIT D816V in AML is highly associated with
co-existing SM (SM-AML). Moreover, our data show that AML blasts may lack this trans-
forming target-mutant, which may be important when considering the use of KIT D816V-
targeting drugs for treatment of patients with KIT D816V-positive AML.
© 2010 Federation of European Biochemical Societies.
Published by Elsevier B.V. All rights reserved.

1. Introduction

maturation (Brunning et al., 2001; Stirewalt and Radich, 2003;
Estey and Dohner, 2006). The prognosis and clinical picture in

Acute myeloid leukemia (AML) is a life-threateninghematopoi-
etic stem cell neoplasm characterized by clonal proliferation of
myeloid progenitor cells without significant differentiation or

AMLvary depending on age, molecular defects, and the specific
biological properties of the clone (Stirewalt and Radich, 2003;
Mrozek et al., 2004; Estey and Dohner, 2006). During the past
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few years, anumber of molecular markers related to the type of
AML and/or the prognosis, have been identified. Several of
these markers represent key regulators of growth and survival,
and often are growth-promoting oncoproteins. Constitutively
activated tyrosine kinase (TK) receptors are of particular inter-
est as they can serve as therapeutic targets (Mrozek et al., 2004;
Estey and Dohner, 2006).

The TK receptor KIT is a well-characterized oncoprotein
thatis expressed in diverse hematopoietic cells, including my-
eloid progenitor cells and mast cells (MC) (Ashman et al., 1991;
Sillaber et al., 1991; Simmons et al., 1994; Valent, 1994). The li-
gand of KIT, stem cell factor (SCF), promotes growth and col-
ony-formation of myeloid progenitor cells as well as the
differentiation of MC (Zsebo et al., 1990; Tsai et al., 1991,
Valent et al., 1992; Kirshenbaum et al., 1992). It has also been
described that in a group of patients with AML, blast cells ex-
press KIT and grow in response to the KIT-ligand SCF (Biihring
et al,, 1991; Broudy et al., 1992). A number of previous and
more recent studies have shown that certain somatic muta-
tions in KIT can lead to autophosphorylation of the receptor
and consecutive autonomous growth of affected cells
(Furitsu et al., 1993; Ashman et al., 2000; Feger et al., 2002).
The most intriguing example is the KIT mutation D816V that
is detectable in neoplastic cells in a vast majority of patients
with systemic mastocytosis (SM) (Nagata et al., 1995; Longley
et al,, 1996, 1999; Fritsche-Polanz et al., 2001; Feger et al.,
2002). SM is a disease characterized by abnormal growth and
accumulation of MC in internal organs (Metcalfe, 1991;
Valent, 1996; Valent et al., 2003; Akin and Metcalfe, 2004). In
these patients, the KIT mutation D816V is considered to be re-
sponsible for abnormal survival and the enhanced accumula-
tion of MC in the bone marrow (BM) and in other organs
(Furitsu et al.,, 1993; Feger et al.,, 2002; Mayerhofer et al.,
2008). In approximately 20—30% of all patients with SM, an as-
sociated clonal hematologic non-MC-lineage disease
(AHNMD) is detected (Travis et al., 1988; Horny et al., 1990;
Lawrence et al., 1991; Sperr et al., 2002). In most cases, a mye-
loid neoplasm such as AML or chronic myelomonocytic leuke-
mia (CMML), is diagnosed (Sperr et al., 2002). In these patients,
neoplastic MC (and MC progenitors) usually display KIT D816V
(Sotlar et al., 2000; Sperr et al., 2002). A remarkable phenome-
non is that in several of these cases, especially in CMML, the
mutation is not only detectable in MC but also in the
AHNMD-component of the disease (Sotlar et al., 2000, 2002).
By contrast, little is known about the expression of KIT
D816V in AML blasts in patients with SM-AML (Sperr et al.,
1998). Moreover, only scattered information is available about
the presence of other KIT mutations in AML and other myeloid
leukemias.

Recently, KIT D816V has been reported to be expressed in
leukemic cells in patients with AML (Cairoli et al., 2005;
Nanri et al,, 2005; Goemans et al., 2005; Cammenga et al,,
2005; Schnittger et al., 2006). However, in most of these stud-
ies, AML patients were not investigated thoroughly for the
presence of a co-existent (occult) SM by histology or immuno-
histochemistry using histomorphological or biochemical cri-
teria. We have recently shown that at least in some of these
KIT D816V+ cases, the excess of AML blasts can mask a con-
comitant (thus ‘occult’) SM even when the bone marrow is ex-
amined histologically (Bernd et al., 2004).

The aim of the present study was to examine a cohort of
AML patients for mutations in KIT, and to ask whether expres-
sion of KIT D816V can occur in the absence of (independent
from) a co-existing SM.

2. Patients and methods
2.1. Patients

Bone marrow or/and peripheral blood (PB) samples obtained
from 101 patients with AML (observation period 1988—2006)
were investigated. Median age was 58 years (range 15—89
years), and the female:male ratio 1:0.9. Diagnoses were estab-
lished using criteria of the French—American—British (FAB)
study group (Bennett et al., 1985). Accordingly, patients were
diagnosed to have AML MO (n=7), AML M1 (n=17), AML M2
(n=9), AML M3 (n=4), AML M4 (n=23), AML M4eo (n="5),
AML M5 (n =13), AML M6 (n =4), AML M7 (n = 1), and second-
ary AML (n = 18). In patients with SM-AML, the WHO type of
AML (Brunning et al., 2001) is also provided. The patients’
characteristics are summarized in Tables 1 and 2. In 86 pa-
tients, BM was investigated; and in 15 patients, only PB was
available for mutation analysis. Each patient gave written in-
formed consent before BM or PB was obtained.

2.2. Isolation of total RNA and cDNA synthesis

BM or PB mononuclear cells (MNC) were isolated by centrifu-
gation using Ficoll. Aliquots of 1 x 10 cells were lysed by addi-
tion of 1.6 mL RNAzol B (Biotecx, Houston, TX). RNA was
extracted from MNC and from HMC-1 cells according to a pub-
lished protocol (Fritsche-Polanz et al., 2001). One pg of total
RNA was reverse transcribed into cDNA in the presence of mu-
rine leukemia virus reverse transcriptase (MMLV-RT, Gibco,
Gaitherburg, MD) and random hexamer primers (Amersham
Pharmacia, Freiburg, Germany) in a final reaction volume of
20 uL. cDNA synthesis was performed at 37 °C (60 min) fol-
lowed by heat inactivation at 95 °C (5 min). The reaction sam-
ples were diluted to 100 uL with Tris-EDTA buffer.

2.3. Analysis of KIT mutations

KIT mutation analysis was performed by PCR amplification
and restriction fragment length polymorphism (RFLP) analy-
sis. The mutations investigated, the PCR primer sequences,
number of PCR cycles, the restriction enzymes and the RFLP
fragments generated are summarized in Table 3. PCR reac-
tions included 3 uL of cDNA in a 50 pl reaction volume contain-
ing 10 mM Tris—HCI (pH 8.3), 50 mM KCl, 0.1 % Triton X-100,
50 pmol of each primer, 1.5 mM MgCl,, 200 uM of each dNTP,
and 1.25 units of AmpliTaq Gold DNA Polymerase (PE Biosys-
tems, Foster City, CA). The thermal cycling conditions were:
denaturation at 94 °C (1 min), annealing at 55 °C (2 min), and
extension at 72 °C (1 min), preceded by an initial denaturation
step at 94 °C for 6 min, and a terminal extension step of 10 min
at 72 °C (MultiCycler PTC 200, MJ Research, Miami, FL). PCR
amplification products were analyzed on 6% polyacrylamide
gels (Novex, San Diego, CA) and were stained with SYBR Green
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Median serum tryptase

% BM blasts,
median (range)

% PB blasts,
median (range)

Median
PLT (x10%L)

Median
HGB (g/dL)

Median
WBC (x 10%/L)

Median age at

Female (N) Male (N)

%

N

AML (FAB)

level, ng/mL (range)

diagnosis (years)

25.6 (3.9—203)
11.2 (0-775)

55.5 (25.0—83.0)

50.5 (6.0—85.0)

8.5 35.5

21.2

55.0

MO

87.0 (64.0—93.0)
43.0 (30.0—82.0)

61.0 59.0 (64.0—93.0)
74.0

8.9

22.0

61.0

16.8

17

M1

41.6 (5.3—496)
48.8 (12.4-122)

30.0 (17.0—78.0)

8.7

17.9

57.0

8.9
4.0

M2

34.0 66.5 (38.0-93.0)  85.5 (80.0—90.0)
49.5 (30.0—90.0)

10.0

38.2

42.5

M3

7.9 (4-124)
54.0 (4.5—254)

18.0 (1.0—83.0)

8.8 47.0

8.5

22.2

61.0

15

22.8

23

M4

49.0 (31.0—80.0)

56.0 (33.0—77.0)

17.0
100.0

5.0 38.0 17.0
12.9

M4eo
M5

4.8 (3.5-45)

52.0 (30.0—75.0)

11.0 (1.0—38.0)
2.0 (0.0-7.0)
29.5 (6.0-53.0)
14.0 (0.0—90.0)
22.0 (0.0-96.0)

9.9

59.7

63.5

13

8.8 (1.9-89.3)

36.0 (14.0—85.0)

21.5
109.0
101.0

8.7

3.0
14.1

55.5

4.0

M6

916
285.0 (20.2—305)
11.4 (0—775)

41.0 (25.0-47.0)

7.5

69.0

1.0
17.8
100

M7

48.0 (16.0-77.0)
60.0 (14.0-93)

9.9

4.6
17.9

59.5

10
43

18
101

sAML

all pts

56.0

9.0

58.0

58

AML indicates acute myeloid leukemia; FAB, French—American—British classification; N, number; WBC, white blood count; HGB, hemoglobin; PLT, platelet count; PB, peripheral blood; BM, bone mar-

row; sAML, secondary acute myeloid leukemia; pts, patients.

I (Molecular Probes, Eugene, Oregon) before RFLP analysis.
RFLP analysis was performed using enzymes specifically
cleaving KIT codons without mutation (Table 3). For detection
of KIT D816V a previously described RFLP system cutting mu-
tant KIT was applied (Fritsche-Polanz et al., 2001). All digests
were analyzed by electrophoresis through 6% polyacrylamide
gels as described above for PCR products.

2.4. Determination of sensitivity of RFLP systems

The sensitivity of the RFLP systems for KIT mutation detection
was evaluated using the HMC-1 cell line (Butterfield et al.,
1988) kindly provided by Dr. J.H. Butterfield (Mayo Clinic
Rochester, MN). Two subclones of HMC-1 were used: HMC-
1.1 expressing KIT G560V but not KIT D816V, and HMC-1.2
expressing both mutations (Akin et al., 2003). HMC-1 cells
were cultured in Iscove’s Modified Dulbecco’s medium
(IMDM,; Gibco Life Technologies, Gaithersburg, MD) with 10%
fetal calf serum (FCS) (PAA laboratories, Pasching, Austria).
Total RNA was isolated from 1 x 107 cells and subjected to
cDNA synthesis as described above. KIT mRNA was quantified
in both subclones using pre-designed TagMan probes and
primer sets (Applied Biosystems 7900 RT-PCR System, Foster
City, CA). Amplification of eukaryotic 185 rRNA, ACTB (beta
actin), and GAPD (GAPDH), served as control. Quantification
in 3independent experiments revealed a 2-fold higher expres-
sion of KIT mRNA in HMC-1.2 cells compared to HMC-1.1. Di-
lutions of HMC-1.2 RNA in HMC-1.1 RNA were performed after
adjusting for the total amount of KIT mRNA. The final dilu-
tions of KIT mRNA were 1:2, 1:5, 1:10, 1:20, 1:50, and 1:100. Af-
ter cDNA synthesis, KIT transcripts were amplified with
a primer system spanning codon 816 (Fritsche-Polanz et al.,
2001). PCR products were either cleaved with Hinf I (cleavage
of the 287 bp product in the presence of KIT D816V, mutant
RFLP system) (Fritsche-Polanz et al., 2001) or with BsmA 1
(cleavage of the PCR product without mutation, wild-type
RFLP system) (Table 3). cDNA synthesis, PCR amplification,
and RFLP were performed in duplicates on ten separate days
(a total of 20 results for each dilution). The diagnostic cut-off
for reliable detection of KIT D816V was 1:20 for the mutant
RFLP and 1:50 for the wild-type RFLP system. These dilutions
revealed positive results in more than 95% of RFLP analyses.

2.5.  Detection of KIT D816V in microdissected mast cells
and AML blasts

In 4 patients with AML and associated SM (SM-AML), neoplas-
tic MC and AML blasts were microdissected from immuno-
stained BM sections and subjected to KIT mutation analysis
as reported (Sotlar et al., 2002, 2003). For detection of MC, an-
tibodies against tryptase (AA-1 from Dako, Glostrup, Den-
mark; or G3 from Chemicon, Temecula, CA) were used, and
for detection of AML blasts, antibodies to CD34 (581 from Bec-
ton Dickinson, San Diego, CA; or QBEND10 from Biocare, Wal-
nut, CA) were employed. Immunohistochemistry and
microdissection were performed as described (Sotlar et al.,
2002, 2003). In brief, single MC and blast cells were microdis-
sected by laser pressure catapulting on a PALM Robot Micro-
Beam system, and pooled to a total of about 100 cells per
PCR tube. From each microdissected cell type, i.e. pooled MC



Table 2A — Characteristics and diagnosis of patients with SM-AML at various times of investigation.

Pts Diagnosis Date Age Sex AML AML (WHO) WBC (x10%L) % BlastsPB  HGB  PLT (x10°/L) Typical Serum tryptase
(Year) (FAB) (g/dL) skin lesions* (ng/mL)
#1 AML 1988 65 f M4 ND 4400 13 10.2 102,000 No ND
#1 SM-MDS 1995 72 f = = 2400 0 8.9 195,000 Yes 101
#1 SM-AML 1996 73 f M4 ND 14,410 28 7.5 16,000 Yes ND
#2 ISM 1993 55 f = = ND 0 ND ND Yes ND
#2 SM-AML 1995 57 f MO ND 1260 4 7.4 123,000 Yes 101
#2 SM-AML 1996 59 f MO ND 13,850 65 9.0 85,000 Yes ND
#3 ASM 2001 59 m = = 6750 0 9.6 115,000 No 285
#3 MCL 2002 60 m = = 13,450 0 9.1 53,000 No 393
#3 ASM-RARS 2005 62 m = = 11,070 3 8.9 54,000 No 341
#3 ASM-AML 2005 63 m sec. AML AML, therapy related 3730 13 7.6 15,000 No 191
#4 ASM-CMML 2000 52 f = = 7250 0 10.2 86,000 No 294
#4 ASM-AML 2002 54 f M1 AML without maturation 27,590 76 10.5 49,000 No 1510
#4 ASM-CMML 2002 54 f — - 2240 0 10.2 102,000 No 127
#5 ISM-AML 2002 57 m M6 Acute erythroid leukemia 6200 7 10.2 9000 No ND
#6 ASM-CMML 2001 53 m = = 27,950 0 8.8 54,000 No 610
#6 ASM-AML 2003 55 m sec. AML  AML with multi-lineage dysplasia 190,000 74 10.5 65,000 No 673
#7 ASM-CMML 2003 71 m - - 5780 0 8.2 17,000 No 47
#7 ASM-AML 2004 72 m sec. AML  AML with multi-lineage dysplasia 34,900 0 115 38,000 No 32
#8 ISM-CMML 2002 73 m = = 44,900 0 104 19,000 No 60
#8 ISM-AML 2003 74 m sec. AML  AML with multi-lineage dysplasia 115,000 49 7.7 24,000 No 446

SM indicates systemic mastocytosis; AML, acute myeloid leukemia; Pts, patients; FAB, French—American—British study group; WHO, world health organization; WBC, white blood cells; PB, peripheral
blood; HGB, hemoglobin; PLT, platelets; UP, urticaria pigmentosa; MDS, myelodysplastic syndrome; ISM, indolent systemic mastocytosis; ASM, aggressive systemic mastocytosis; MCL, mast cell leu-

kemia; RARS, refractory anemia with ringed sideroblasts; CMML, chronic myelomonocytic leukemia; f, female; m, male; sec AML, secondary AML; and ND, not determined. *Typical skin lesions of

mastocytosis.
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Table 2B — Characteristics of patients with SM-AML.

Pts Diagnosis Date Age KIT % Blasts % MC in Morphology % MC infiltrate KIT KIT MC CD2 MC CD25 Karyotype
(Year) D816V in BM BM smear MC** in tryptase D816V D816V positive positive
smear stain* MC*™* CD34+"** in BM in BM

#1 AML 1988 65 ND 72 <1 ND ND ND ND ND

#1 SM-MDS 1995 72 ND 8 5 al ND ND ND 46 XX

#1 SM-AML 1996 73 pos 60 2 al 5 Pos Pos ND ND. 46 XX

#2 ISM 1993 55 ND. <5 <1 al 30 ND ND ND

#2 SM-AML 1995 57 ND 42 <1 al 5 ND ND 46 XX

#2 SM-AML 1996 59 neg 55 <1 al 5 ND ND 46 XX

#3 ASM 2001 59 pos 1 4 al 70 Neg Pos 46 XY

#3 MCL 2002 60 pos 2 42 a II/MB 99 Neg Pos 46 XY

#3 ASM-RARS 2005 62 ND 1 1 all 20 Neg Pos ND

#3 ASM-AML 2005 63 pos 25 1 all 60 Pos Neg Neg Pos ND

#4 ASM-CMML 2000 52 pos 0 2 al 50 Neg Pos 46 XX

#4 ASM-AML 2002 54 pos 81 1 al 10 Pos Neg Neg ND 46 XX

#4 ASM-CMML 2002 54 pos 10 1 al 20 ND ND. 46 XY

#5 ISM-AML 2002 57 pos 8 <1 al 5 ND ND 47 XY,
del(20),+22

#6 ASM-CMML 2001 53 pos ND ND ND 70 ND ND 46 XY

#6 ASM-AML 2003 55 pos 53 1 al <5 Pos Pos ND ND. 46 XY,
der(7),t(7;15)

#7 ASM-CMML 2003 71 pos 1 2 al 10 ND Pos 46 XY

#7 ASM-AML 2004 72 pos 53 1 al <5 ND ND 46 XY

#8 ISM-CMML 2002 73 ND 5 <1 ND <1 ND. ND. ND

#8 ISM-AML 2003 74 pos 30 1 al 3 Neg Pos ND

SM indicates systemic mastocytosis; AML, acute myeloid leukemia; Pts, patients; BM, bone marrow; MC, mast cell; MDS, myelodysplastic syndrome; ISM, indolent systemic mastocytosis; ASM, ag-
gressive systemic mastocytosis; MCL, mast cell leukemia; RARS, refractory anemia with ringed sideroblasts; CMML, chronic myelomonocytic leukemia; ND, not determined; pos, positive; neg, neg-
ative. Mast cell morphology (Sperr et al., 2001a,b): a I, atypical mast cell type I: spindle-shaped hypogranulated mast cells with oval nucleus; a II, atypical mast cell type II with bilobed nuclei; and MB,
metachromatic blasts. * Immunohistochemical analysis. *Predominant type of MC in bone marrow smears. **KIT mutation analysis in microdissected MC and CD34+ cells.
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RFLP
fragments
(base pairs)

Restriction

PCR
cycles

Downstream primer (5'-3')

Upstream primer (5'-3')

Exon

Nucleotide

Mutation

enzymes

(nucleotide position)

(nucleotide position)

position

WT: 128;152; MT: 280
WT: 72;24; MT: 96

Hyp99 I
PAFI

30
45

TAAGCCGTGTTTGTTGGTGCACG (308—330)

175G—A 2 TCTCTGCGTTCTGCTCCTACTGC (51-73)
8

1276A,

D52N

ATTCTGACGTCAATGCTGCC (1208—1227) ATTGGAGCATGCCATTCACGACCCT"* (1279—-1303)

Asp419

1277A,

ins, del

1278C

WT: 102;24; MT: 126

Mae 111
Mse I

40
45

GCACATCATGCCAGCTACGGTTA* (1610—1632)

1609G— A 10 GATGTGGGCAAGACTTCTGCC (1507—1527)
11

V5301
V560G

WT: 152;26; MT: 178

CATAATTGTTTCCATTTATCTCCTTA* (1701—-1726)

GGTAACAACAAAGAGGCAAATCCATCC

(1549-1574)

1700T—G

WT: 136;79;72; MT: 208;79
WT: 171;116; MT: 287

BsmA1l
Hinf I

40
40

AAAAATCCCATAGGACCAGACGTC (2572—2595)

CCCTAGACTTAGAAGACTTGCTGA (2309—2332)

17
17
17
17

2467G, 2468A
2480A—G

D816V,E,Y
D820G
N822K
V825A

AAAAATCCCATAGGACCAGACGTC (2572—2595)

CCCTAGACTTAGAAGACTTGCTGA (2309—2332)

WT : 11 ;105 ;71 ; MT : 216; 71
WT : 187; 100 ; MT : 287

Tsp509 1

Mse I

40

AAAAATCCCATAGGACCAGACGTC (2572—2595)

CCCTAGACTTAGAAGACTTGCTGA (2309—2332)

2487T— A

40

AAAAATCCCATAGGACCAGACGTC (2572—2595)

CCCTAGACTTAGAAGACTTGCTGA (2309—2332)

2495T—C

Numbering of codons and nucleotide positions according to GenBank Accession number X06182. RFLP indicates restriction fragment length polymorphism; PCR, polymerase chain reaction; N, number;

WT, wild-type; and MT, mutant. *The primers contained a mismatch at the 3'-end in order to generate specific RFLP sites. All primers were from MWG Biotech (Ebersberg, Germany).

and pooled blast cells (in each patient), up to 8 PCR tubes were
generated. Pretreatment and amplification of microdissected
cells were performed as described previously (Sotlar et al.,
2002, 2003).

2.6. Staging investigations and application of SM
criteria in patients with KIT D816V

In patients with KIT D816V+ disease, a thorough investigation
for SM criteria, including a BM biopsy was performed. Bone
marrow sections were analyzed by immunohistochemistry
using an antibody against tryptase as described (Horny et al.,
1998). Aspirated cells were subjected to flow cytometry using
fluorochrome-conjugated antibodies against CD2, CD25, and
CD117/KIT following a published protocol (Escribano et al,,
2004). Bone marrow smears were carefully inspected for the
presence of atypical (spindle-shaped or immature) MC on
Wright Giemsa-stained slides following published guidelines
(Sperr et al., 2001a,b). Major and minor SM criteria were ap-
plied according to the WHO proposal (Valent et al., 2001a,b).
If at least one major (histology) and one minor or at least three
minor criteria were met, the diagnosis of (an associated) SM
was established.

Serum total tryptase levels were measured by a commercial
fluoroimmunoenzyme assay (Amersham Pharmacia Biotech,
Uppsala, Sweden). The serum tryptase level in healthy con-
trols usually is below 20 ng/mL (Schwartz et al., 1987, 1995).
Tryptase levels were determined to define the subtype of
AML (tryptase-positive versus -negative) and to relate enzyme
levels to the presence of KIT D816V and the presence of SM.
Following the recommendations of the WHO proposal ele-
vated serum tryptase levels (more than 20 ng/mL) were not
employed as minor diagnostic SM criterion in our AML pa-
tients (Valent et al., 2001a).

2.7. Evaluation of patients’ survival and statistical
analyses

To compare survival rates in AML patients with and without
KIT D816V (with or without associated SM), the log rank test
was applied. Cumulative survival was determined according
to the method of Kaplan and Meyer. For survival measure-
ments, two initial time points and related ‘calculation inter-
vals’ were employed, namely the time from onset of disease
(SM or AML), and the time from onset of AML (regardless of
a pre-existing SM). In particular, the probability of survival
from the disease-onset (either SM or AML — whatever was di-
agnosed first) and from the onset of AML were determined
separately. To determine relationships between the presence
of an associated SM (presence of KIT D816V) and serum tryp-
tase levels, linear correlations were applied.

3. Results
3.1 Prevalence of KIT D816V in patients with AML
In 7 of 101 patients with AML (6.9%) the KIT mutation D816V

was detected (Figure 1). Five of these patients were found to
have secondary AML evolving from CMML, one patient


ncbi-n:X06182

MOLECULAR ONCOLOGY 4 (2010) 335-346 341

initially had aggressive SM and later mast cell leukemia, be-
fore progressing to AML, and one patient suddenly developed
AML in a completely indolent phase of SM, i.e. ISM (Table 2).

3.2. Frequency of associated mastocytosis in patients
with KIT D816V-positive AML

In all 7 AML patients with KIT D816V, an associated SM was
detected in BM sections and aspirated BM cells (major and mi-
nor SM criteria). In one AML patient with associated SM, no KIT
mutation was detectable. All in all, 8 cases with SM were iden-
tified among 101 AML patients (7.9%). In 2 of these 8 patients,
maculopapular lesions and histologic signs of skin involve-
ment by SM were found (Table 2A). In all other patients, mas-
tocytosis was only detected in the BM, but not in the skin. In 5
of the 8 patients with SM, mastocytosis in the skin had been
diagnosed before AML developed. By contrast, in 3 patients
with SM-AML (all without skin lesions), AML had been diag-
nosed before SM was detected.

3.3. Characterization of the AML clone in patients with
SM-AML

In 7 of 8 patients with SM-AML examined, a karyogram could
be established. An abnormal karyotype was found in 2 pa-
tients: patient #5: 47XY,del(20)(q11.2q13),+22 and patient #6:
46XY,der(7);t(7;15). In the other 5 patients, no chromosomal
abnormalities were found (Table 2B) which was an unex-
pected result. Notably, unlike reported in previous cases series
with KIT D816V+ AML (Cairoli et al., 2005; Nanri et al., 2005;
Goemans et al., 2005; Cammenga et al, 2005; Schnittger
et al.,, 2006), no CBF-related chromosome abnormalities were
detected. Correspondingly, no typical AML-related fusion
transcripts (AML1/ETO, PML/RARA, CBF{Z/MYH11) were
detected in a multiplex PCR assay. Serum tryptase levels
were elevated in all patients with KIT D816V positive AML
(Table 2A). A summary of clinical and laboratory parameters
recorded in our AML patients with KIT D816V is shown in
Tables 2A and 2B.

9 10

Figure 1 — Analysis of KIT D816V in mononuclear cells of patients
with AML. The presence of KIT D816V was investigated in isolated
mononuclear cells by restriction fragment length polymorphism
analysis of a 287 bp reverse transcriptase polymerase chain reaction
product. The arrow indicates the 157 bp fragment generated by Hinf'1
restriction enzyme cleavage in the presence of KIT D816V. The
mutation was only detectable in patients with AML and an associated
systemic mastocytosis (lanes 2—8). In one patient with AML and
associated SM, however, no KIT mutation at codon 816 was detected
(lane 9). Lane 10 shows a mutation analysis performed with KIT
D816V+ HMC-1 cells diluted in KIT D816V-cells at 1:20 (lower
limit of detection — control). The Msp I-digested plasmid pBR322

served as a molecular weight marker (lane 1).

3.4.  Analysis of microdissected MC and AML blasts for
KIT D816V

In 4 patients with KIT D816V+ SM-AML, neoplastic tryptase+
MC and CD34+ AML blasts were microdissected from immu-
nostained BM sections, and were analyzed for the presence
of KIT D816V by melting point analysis of nested PCR products.
Figure 2A—D shows typical examples of microdissection ex-
periments using immunostained BM slides. In 2 of the 4 pa-
tients with KIT D816V+ disease, this mutation was
detectable in MC, but not in isolated CD34+ blasts (Figure 2E,
F; Table 2B). By contrast, in 2 patients, KIT D816V was detect-
able in both MC and AML blasts (Figure 2G and H; Table 2B).
KIT D816V was not detected in microdissected blasts or MC
in the patient with KIT D816V-negative SM, confirming the re-
sults obtained by RFLP analysis (Table 2B).

3.5. Investigation of other KIT mutations by RFLP

Apart from KIT D816V, we also screened for other KIT mutations
in our AML patients using a wild-type RFLP system (Figure 3).
The codons analyzed were selected according to published
KIT mutations known to occur in SM or AML, and included
codons 52, 419, 530, 560, 820, 822 and 825 (Figure 3). None of
the patients tested showed a mutation in these KIT codons.

3.6. Clinical significance of associated SM and KIT
D816V in AML

To define the clinical significance of SM (displaying KIT D816V)
in AML patients, survival was analyzed according to the
method of Kaplan and Meyer. We found that the presence of
KIT D816V (presence of concomitant SM) is associated with
a significantly reduced probability of survival when survival
was assessed from the onset of AML (Figure 4A). By contrast,
when survival was assessed from the onset of disease (either
SM or AML whatever diagnosed first), no difference in survival
was found when comparing AML patients with and without
concomitant SM (Figure 4B).

3.7. Correlation between KIT D816V and tryptase levels

In a significant number of patients with AML, an elevated se-
rum tryptase level (more than 15ng/mL) was found. Since
tryptase is produced primarily in MC, we were interested to
learn whether KIT D816V (i.e. the presence of SM) correlates
with serum tryptase levels. In a first step, we found that all pa-
tients with associated SM exhibit increased serum tryptase
levels. However, many other patients with AML, in whom no
histologic or molecular signs of SM were detected, were also
found to have elevated serum tryptase levels. Thus, no signif-
icant correlation between tryptase levels and the presence of
KIT D816V could be substantiated. Figure 5 shows serum tryp-
tase levels in various groups of patients with AML.

4. Discussion

Several reports have suggested that in a group of patients with
AML, the transforming mutation KIT D816V is detectable
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Figure 2 — Analysis of microdissected bone marrow cells for the presence of KIT D816V. (A—D) Bone marrow sections in a patient with AML and
associated systemic mastocytosis (SM) were stained with an antibody against tryptase (for mast cell detection) (A,B) and an antibody against CD34
(for detection of AML blasts) (C,D). Images were taken before (A,C) and after (B,D) microdissection by lasercapturing. Microdissected cells after
successful capturing are indicated by white spots. (E—H) Melting point analysis for the presence of KIT D816V in microdissected cells in two
patients with SM and associated AML (SM-AML). In each case, HMC-1 cells were run in parallel as an internal positive control. In one patient
(E,F), CD34+ AML blast cells did not exhibit KIT D816V (E) whereas mast cells (F) clearly expressed KIT D816V. In the second patient, both
the AML blasts (G) and the mast cells (H) were found to carry the KIT D816V mutant.
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Figure 3 — Analysis of other KIT mutations in mononuclear cells of
patients with AML. The presence of other mutations in KIT was
investigated in isolated mononuclear cells by restriction fragment
length polymorphism (RFLP) analysis using enzymes cleaving the
wild-type sequence. A: Reverse transcriptase PCR amplification of
codon 52 (280 bp PCR product, lane 2), codon 419 (96 bp PCR
product, lane 4), codon 530 (126 bp PCR product, lane 6), and codon
560 (178 bp PCR product, lane 8). The PCR amplification products
were cleaved with the restriction enzyme Hyp99 I (codon 52, lane 3),
PAIF 1 (codon 419, lane 5), Mae 111 (codon 530, lane 7), and Mse 1
(codon 560, lane 9) as shown in Table 3. The PCR and RFLP
products were separated on 6% polyacrylamide gels. The Msp I-
digested plasmid pBR322 served as a molecular weight marker (lanes
1 and 10). B: Reverse transcriptase PCR amplification of codon 816
(lane 2), codon 820 (lane 4), codon 822 (lane 6), and codon 825 (lane
8). The PCR amplification products of 287 bp were cleaved with the
restriction enzyme BsmA 1 (codon 816, lane 3), Hinf I (codon 820,
lane 5), Tsp509 I (codon 822, lane 7), and Mse I (codon 825, lane 9) as
shown in Table 3. The PCR and RFLP products were separated on
6% polyacrylamide gels. The Msp I-digested plasmid pBR322 served

as a molecular weight marker (lanes 1 and 10).

(Cairoli et al., 2005; Nanri et al., 2005; Goemans et al., 2005;
Cammenga et al., 2005; Schnittger et al., 2006). This mutation
is otherwise found in neoplastic mast cells in patients with
SM, but is not detectable in other myeloid neoplasms
(Nagata et al, 1995; Longley et al, 1996; Fritsche-Polanz
et al., 2001; Feger et al., 2002). More recently, we have de-
scribed that patients with ‘KIT D816V+ AML’ may have occult
SM (SM-AML) (Bernd et al.,, 2004). However, the exact fre-
quency of occult SM in patients with KIT D816V+ AML’ re-
mains unknown. Our results suggest that the frequency of
occult SM in AML with KIT D816V may be higher than has
been assumed so far. In fact, all AML patients with detectable
KIT D816V analyzed in this study were found to have an asso-
ciated SM by histologic and/or biochemical (WHO) criteria.
According to WHO criteria, the diagnosis of SM is primarily
based on the histologic demonstration of dense multifocal
tryptase-positive MC infiltrates in a representative BM biopsy
section (major criterion of SM) (Valent et al., 2001a,b). In addi-
tion, SM exhibits disease-specific molecular features (minor
criteria) including expression of CD2 and CD25 on neoplastic
MC (Escribano et al., 1998, 2004), KIT D816V in affected cells
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Figure 4 — Survival in patients with AML and those with AML with
associated SM (SM-AML). Survival of patients with de novo acute
myeloid leukemia (AML) (green), patients with secondary AML
(blue), and patients with AML and associated systemic mastoyctosis
(SM-AML) (red) was calculated by the method of Kaplan and Meyer.
Survival was calculated from the time point of first diagnosis of AML
(A) and from the time point of first diagnosis of SM or AML
(whatever first diagnosed) (B).

(Nagata et al., 1995; Longley et al., 1996; Valent et al., 2001a,
b), and certain morphologic aspects of MC such as spindeling
(Sperr et al., 2001a). In the present study, SM was detected in 8
AML patients using these criteria. Since the same markers and
criteria were not employed in other studies examining pa-
tients with ‘KIT D816V+ AML’, it is difficult to relate our results
to results published previously (Cairoli et al., 2005; Nanri et al.,,
2005; Goemans et al., 2005; Cammenga et al., 2005; Schnittger
et al.,, 2006). However, single case report studies and smaller
case series have already suggested that in several patients
with AML, the associated SM had been overlooked previously
(Bernd et al., 2004; Schnittger et al., 2006). In fact, AML patients
with KIT D816V mutation may suffer from ‘occult’ SM. In these
patients, a predominant AML clone in the BM may outnumber
the smaller SM-component of the disease, and such an occult
SM may only be detected when analyzing the BM after suc-
cessful cytoreductive therapy (Bernd et al., 2004). In our pa-
tients, however, co-existing SM was readily detected in all
patients, which may be explained by the thorough investiga-
tions performed, including detailed morphological studies
and tryptase immunohistochemistry.

Another important question in this regard is whether an el-
evated tryptase level would be indicative for the presence of
an occult SM. In fact, it is well known that in about 30—40%
of all patients with de novo AML, an elevated serum tryptase
level is found (Sperr et al., 2001b). However, in most of these
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Figure 5 — Median serum tryptase levels in patients with AML.
Serum tryptase levels were determined by fluoroimmunoenzyme assay
in various groups of patients with acute myeloid leukemia (AML) as
indicated. The boxes represent the 25—75% percentile of serum
tryptase levels in each group, the horizontal line within boxes the
median, and the whiskers the range. The mean is shown as a small
square within boxes. Elevated tryptase levels were found to cluster in
patients with KIT D816V + AML (D816V+) and in patients (pts)
with core binding factor (CBF +) leukemias.

patients, no associated SM is found (Sperr et al., 2001b), which
could be confirmed in the present study. Correspondingly, in
AML patients with elevated tryptase levels, tryptase is pro-
duced by myeloblasts (Sperr et al., 2001b). Whether tryptase+
blast cells in these AML patients aberrantly express the en-
zyme or represent very early mast cell-committed progenitor
cells remains unknown.

The coexistence of two distinct hematopoietic neoplasms,
SM and AML, in one patient raises several questions. One ques-
tion is as to whether neoplastic cells were derived from one
identical clone (two subclones developed) or from two separate
clones (Sperr et al., 2000). In our study, we were able to separate
neoplastic MC and AML blasts by microdissection and to exam-
ine microdissected cells for the presence of KIT D816V. In these
analyses, AML blasts exhibited KIT D816V in 2/4 patients with
‘KIT D816V+ AML’, whereas in the remaining 2 patients, AML
blasts did not display KIT D816V. Thus, atleastin a subset of pa-
tients with SM-AML, the two disease-components may belong
to the same (sub)clone. However, our data also suggest that in
several of these patients, KIT D816V is only expressed in neo-
plasticMC, but notin AML cells. These data are of particular in-
terest as several AML trials using KIT D816V-targeting drugs
have been initiated. From the data generated in the current
study, we recommend that (i) patients with AML should be
tested for KIT D816V, and (ii) in those with detectable KIT
D816V, isolated AML blasts should be examined for the pres-
ence of the mutation.

The variable expression of KIT D816V in AML blast cells in
patients with SM-AML is also of theoretical interest. The lack
of the mutation in AML blasts in some of these patients (while
clearly expressed in MC) may have several explanations. An
attractive hypothesis would be the existence of two separate
subclones derived from one stem cell (Sperr et al., 2000). In
this hypothesis, one subclone acquired KIT D816V, and the
other one transformed into AML (Sperr et al., 2000).

A number of recent data suggest that the presence of KIT
D816V in AML is associated with a poor prognosis (Nanri
et al., 2005; Schnittger et al., 2006; Care et al., 2003; Shimada
et al., 2006; Cairoli et al., 2006). In our study, these data could
be confirmed when comparing the outcome in these patients
with patients with (de novo) AML. However, it was also found
that the survival time in these patients varies depending on
the definition of the checkpoint ‘disease-onset’ in survival-
calculations. In fact, patients with SM-AML may have SM
long time before AML develops. These patients may well be
regarded as secondary AML, as SM is a myeloid neoplasm —
and consecutively, the survival in these patients should prob-
ably be compared to the survival of other patients with
secondary AML (without SM). In the present study, we found
that the survival measured from the time of AML evolution
in our SM-AML patients is poor, confirming the available liter-
ature. However, our study also demonstrates that the poor
survival in these patients was similar when compared to pa-
tients with secondary AML (without co-existing SM). The sur-
vival in our SM-AML patients was even better than that of AML
patients without SM when calculating survival times from the
onset of disease, either SM or AML, whatever disease was di-
agnosed first. An interesting aspect in this regard is that sev-
eral of these patients may not present with apparent clinical
features of a BM disease or MC disease, as in these patients
skin lesions often are absent — and thus, SM may be
overlooked or may be occult for many years before the disease
process is diagnosed (Bernd et al., 2004; Valent et al., 2007).

The frequency of KIT D816V in AML varies from study to
study (Cairoli et al., 2005; Nanri et al., 2005; Goemans et al.,
2005; Cammenga et al., 2005; Schnittger et al., 2006). In our pa-
tients, 6.9% of all AML patients were found to display KIT
D816V. By contrast, in other studies, a smaller percentage of
patients (2—5%) were reported to express the D816V-mutated
variant of KIT (Cairoli et al., 2005; Nanri et al., 2005; Goemans
et al,, 2005; Cammenga et al., 2005; Schnittger et al., 2006).
This discrepancy may have several explanations. First, our
center is a referral center for patients with mastocytosis —
and all these patients have a thorough long term follow up
and are also diagnosed and treated in our center when AML
has developed. Second, the technique applied in our study
shows a high sensitivity. In fact, KIT D816V may only be
detected in SM-AML patients when a highly sensitive
technique is employed, since MC expressing KIT D816V may
be outnumbered by blast cells in such patients.

Apart from KIT D816V, a number of other mutations in KIT
have been described, and may occur in patients with mastocy-
tosis (Longley et al., 1999; Garcia-Montero et al., 2006). Some of
these mutations have also been described to occur in AML.
Therefore, we investigated our AML patients for additional re-
current KIT mutations in this study. However, no (KIT point)
mutations in the KIT codons 52, 419, 530, 560, 816 (except for
D816V), 820, 822, and 825 were detected in any of the patients
examined.

In summary, our data show that expression of KIT D816V in
AML is highly associated with and probably indicative of the
presence of an associated (sometimes occult) SM. In several
of these patients, KIT D816V may only be expressed by MC
but not in AML blasts, which may have clinical and therapeu-
tic implications.
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