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CD117 (c-kit) is a restricted antigen of acute myeloid leukemia and
characterizes early differentiative levels of M5 FAB subtype
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ABSTRACT

Background and Objective. The CD117 molecule is
an antigen more frequently found on early normal and
leukemic hematopoietic cells, but its correlation
with the FAB subtypes and with other lineage and
stage associated antigens is still not well estab-
lished. In this study we investigated the surface
expression of CD117 antigen in 135 patients with
acute leukemia in relationship to de novo or sec-
ondary origin of AML, subtypes of FAB classification,
expression of other antigens such as CD34, HLA-DR,
CD15, CD14, CD45RA, CD45R0, CD11b, CD11c,
CD4, CD7, mixed antigen co-expression (LyAg+AML
and MyAg+ALL) and features of leukemic mass.

Design and Methods. The CD117 antigen expression
(clone 95C3) was determined by flow cytometry in
a series of 135 patients with acute leukemia at diag-
nosis consecutively observed during the years 1995-
1997: 82 AML (including 51 cases of de novo AML,
22 cases of AML following myelodysplastic syn-
dromes (MDS), 9 cases of myeloid blastic crisis of
chronic myeloid leukemia (BC-CML) and 53 ALL. All
cases were stratified in CD117+ and CD117- groups
and the differences were analyzed by using appro-
priate statistical analyses.

Results. CD117 antigen was found over 10% in 74%
of AML without significant differences of positivity
between AML after MDS or BC-CML and de novo
AML. We did not note a significant correlation
between FAB classification and CD117 which was
expressed in 100% of M1 and M7 cases, in 80% of
MO cases, in 75% of M2 cases, in 70% of M3 cases
and in 82% of M4 cases. Instead, in M5 subtype
CD117 was strictly restricted to earlier stages: ten
of the eleven M5b (91%) cases completely lacked
CD117 antigen expression, whereas 100% of M5a
cases were positive. The results of Pearson’s coef-
ficient showed: 1) a significant inverse relationship
between CD117 and CD15, CD4 and CD14 (only in
M5 subtypes) and CD11b, CD11c and CD45RO (in
all cases); 2) a significant direct correlation between
CD117 and CD34 and CD45RA (in all cases); and 3)
an independent expression between CD117 and
CD15 associated with a low correlation between
CD117 and HLA-DR antigen (only in non-monocytic
cases). In ALL, whether of B or T lineages, surface
expression of CD117 was never observed.
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Interpretation and Conclusions. We conclude that
the CD117 antigen shows a high specificity for AML,
independently upon FAB classification, and repre-
sents a reliable marker in characterizing the differ-
entiative degree of the monocytic blasts.
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—I—he significance of the CD117 antigen, a trans-
membrane tyrosine kinase receptor better
known as stem cell factor receptor (SCFR) or c-
kit receptor,’ has been previously investigated on nor-
mal and leukemic marrow cells. Numerous studies
reported that this antigen and its ligand or stem cell
factor (SCF) play an important role in the prolifera-
tion, differentiation and survival of normal and
leukemic hematopoietic tissues.>* The CD117 antigen
is more frequently found on progenitor cells of normal
bone marrow and in earlier FAB subtypes of de novo
acute myeloid leukemia (AML), in blastic crisis of
chronic myeloid leukemia (BC-CML) and in AML fol-
lowing myelodysplastic syndromes (MDS), where it
correlates well with the expression of other early anti-
gens, such as CD34 and CD7.5'* Regarding its clini-
cal usefulness, CD117 antigen can sometimes be use-
ful in detecting minimal residual disease (MRD) by
recognizing unusual immunophenotypes on CD117
positive blast cells,'s but it does not seem to have a real
value as prognostic factor for response to chemother-
apy and survival.’®'8 This receptor is generally absent
on blast cells of the B-lineage acute lymphoblastic
leukemias (ALL), whereas on those of the T-lineage
ALL it has been found only in some more immature
cases co-expressing myeloid antigens.821217.19

On the basis of these data and with the aim of
investigating the correlation between CD117 anti-
gen and the differentiative level of leukemic blasts, we
evaluated, in 135 cases of acute leukemia, the pat-
tern of CD117 antigen surface expression in rela-
tionship with the immunophenotype, the FAB clas-
sification and some features of leukemic mass.

Materials and Methods

Patients
We analyzed 82 patients with AML (median age
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52 yrs, range 11- 87; 47 males and 35 females; 5 MO,
14'M1, 20 M2, 10 M3, 11 M4, 20 M5, 2 M7 FAB)
and 53 patients with ALL (37 adults and 16 children,
29 males and 24 females, 19 L1, 30 L2, 4 L3 FAB)
consecutively observed during the years 1995 and
1997. Diagnosis of AML and ALL was made accord-
ing to French-American-British (FAB) Group criteria.?

Immunological analysis

Monoparametric, and when necessary, bipara-
metric immunophenotypic analyses, on bone mar-
row cells, were performed using the following a) flu-
orescein isothiocyanate (FITC) conjugated mono-
clonal antibodies (MoAbs): CD7, CD2, CD20,
CD22, CD14, CD15, CD41, CD45RA (Becton Dick-
inson), CD1a, CD3, CD8, CD10, HLA-DR (Ortho
Diagnostic Systems) and CD61 (Immunotech); b)
phycoerythrin (PE) conjugated MoAbs: CD5, CD13,
CD33, CD11b, CD11c, CD45R0 (Becton Dickin-
son); ¢) FITC and PE conjugated MoAbs: CD34, CD4
and CD19 (Becton Dickinson). The surface expres-
sion of CD117 antigen was assessed by c-kit (PE con-
jugated) MoAb (clone 95C3) (Immunotech). All
samples were prepared as previously reported?' and
analyzed by a flow cytometer (FACSort, Becton Dick-
inson) with 15 mW argon laser emitting at 488 nM
and equipped with the software Lysis Il. At least
10,000 ungated list mode events were collected and
analyzed by selecting an appropriate gate on the
basis of side and forward scattering properties of
blast cells. The blast cell percentage detected for every
sample was always greater than 50% (range 53-97%).
Negative controls with isotype matched irrelevant
IgG1, IgG2a and IgM monoclonal antibodies were
used in all cases. In general, the reaction was con-
sidered positive when antigenic expression was pre-
sent in 20% or more of the gated blast cells. For CD34
and CD117, however, we used a threshold of 10%

Percentage

for two reasons: a) these antigens have a lower
expression on the normal marrow cells; and b) in the
present series only two cases for CD34 and two cas-
es for CD117 (Figure 1) had a pattern of expression
between 10% and 20%. On the basis of the antigenic
analysis B lineage ALL were classified into four
groups: early pre-B ALL (CD19*/CD10-), common
ALL (CD19°/CD10%/CD20*), pre-B ALL (Cy-IgM*)
and B ALL (Sm-Ig*).22 According to personal experi-
ence,? T lineage ALL were divided instead into two
groups: early T ALL (CyCD3*/CD7+/CDS5%/ CD2*)
and late TALL (CD7*/CD5*/CD2°CD1/ CD3¢). The
definition of myeloid antigen (MyAg) ALL was carried
out by the co-expression greater than 20% of CD33
and/or CD13 and/or CD15 and/or CD14.

Statistical analysis

All patients with AML were stratified for CD117
expression in two groups (CD117* and CD117-). In
each group sex, age, FAB cytotype, de novo or sec-
ondary type of leukemia, serum lactate dehydroge-
nase (LDH) level, splenomegaly, WBC count, CD34,
HLA-DR CD45RA, CD45RO, CD15, CD11¢, CD11b,
CD7,CD4 and lymphoid antigens co-expression (Ly-
Ag) were evaluated. The differences between CD117*
and CD117- groups were tested using Chi square
tests or Fisher's exact tests.?* Concerning the serum
LDH and peripheral WBC count the statistical analy-
ses were performed by Student’s t-test. This test was
also used for a statistical evaluation of the CD117
expression in de novo and secondary AML.

We also tested the correlation between CD117 with
CD34, CD45RA, CD45RO, HLA-DR, CD15, CD14,
CD11b, CD11c and CD4 by calculating Pearson's cor-
relation coefficient. Since no case of ALL showed a sig-
nificant surface expression of CD117, no statistical
evaluation was carried out in these patients.
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Table 1. Stratification of the evaluated parameters on the
basis of CD117 antigen expression.

cbii7+  AML  CD117-  AML

No. % No. % p
Total 61 74% 21 26%
Males/females 35/26 12/9 ns

Mean age (range)  52.3 (11-87) 52.9 (12-79) ns

Splenomegaly 17 28% 9 43% ns
LDH mean (range) 1438 (216-5500) 1653 (170-6360) ns
WBC mean (range) 37.5 (1-251) 51.2 (1-211)  ns

De novo 40 65% 11 53% ns
After MDS 15 25% 7 33% ns
BC-CML 6 10% 3 14% ns
MO 4 6% 1 4% ns
M1 14 23% - - 0.011
M2 15 25% 5 24% ns
M3 7 11% 3 14% ns
M4 9 15% 2 10% ns
M5a 9 15% - - 0.036
M5b 1 2% 10 48% <0.0001
M7 2 3% - - ns
CD34+ 44 74% 7 33%

CD34- 17 26% 14 67% 0.0007
CD45RA* 39 78% 7 44%

CD45RA- 11 22% 9 56%  0.008
CD45R0* 10 20% 8 50%

CD45R0- 40 80% 8 50% 0.017
CD15* 25 41% 11 52%

CD15- 36 59% 10 48% ns
CD11c* 34 57% 15 71%

CD1lc 26 43% 6 29% ns
CD11b* 12 31% 6 46%

CD11b- 27 69% 7 54% ns
CcD7A 12 20% 1 5%

CD7- 49 80% 20 95%  0.044
CD4+* 12 20% 11 52%

CD4- 49 80% 10 48%  0.004
LyAg*# 11 18% 2 9%

LyAg- 50 82% 19 91% ns

WBC: x10%/L; LDH: u/L.

ASingle co-expression of CD7; *single co-expression of CD4; #positivity for
CD2 and/or CD5 and/or CD19 and/or CD10 (with or without CD7 or CD4
co-expression).

Results

All myeloid leukemias

The expression of CD117 antigen greater than 10%
occurred in the majority (74%) of the AML. The per-
centages of positivity in single cases of AML are
depicted in Figure 1. In Table 1 clinical and biologi-
cal characteristics of CD117* and CD117- AML are
reported. Notably, in AML following MDS and in BC-
CML we observed neither a higher incidence of

Table 2. Pearson’s correlation coefficient between CD117
and the other antigenic markers in AML.

No. r p
CD117-CD34 82 486 <0.0001
CD117-CD45RA 66 448 <0.0001
CD117-CD45R0 66 515 <0.0001
CD117-CD11b 52 A47 0.001
CD117-CD11c 81 440 <0.0001
CD117-CD15* 49 .014 0.927
CD117-HLA-DR* 49 317 0.030
CD117-CD15° 20 465 0.043
CD117-CD14° 20 .584 <0.007
CD117-CD4° 20 .619 <0.004

*In MO, M1, M2 and M3 FAB subgroups; °only in M5 (M5a and M5b) FAB
subgroup.

CD117 expression, nor a greater mean percentage of
positivity with respect to de novo AML: in fact, in our
series de novo AML, AML after MDS and BC-CML had
a mean expression+SD of CD117 antigen respective-
ly equal to 44+30, 36+27, 31+26 (p NS). The index-
es of leukemic mass such as LDH, splenomegaly and
WBC count were not significantly different between
CD117* and CD117- groups.

As shown in Table 2, based on the Pearson’s coef-
ficient value, CD117 shows a significant direct cor-
relation with CD34 and CD45RA and an inverse cor-
relation with CD45R0O, CD11b and CD11c. Indeed,
within the sixty-eight AML positive for CD117 or
CD34 these antigens were co-expressed 44 times
(65% of the cases) and the mean percentage of
expression was 46% for both, 4% for CD117 alone
and 14% for CD34 alone.

Granulocytic leukemias

CD117 antigen was only partially restricted to
more undifferentiated granulocytic leukemias based
on the FAB criteria: 80% of MO AML, 100% of M1
AML and 75% of M2 AML resulted CD117 positive
(Figure 1). In addition, seven of the ten M3 AML
[eight standard, CD2-/CD34-/HLA-DR-, PML-RARa*
with BCR-2 (four cases), BCR-3 (three cases) and
BCR-1 (one case); and two microgranular variant, both
CD2%/CD34/HLA-DR", PML-RARa* with BCR-1 and
BCR-3] also expressed CD117. Moreover, in pure
acute granulocytic leukemias (MO-M3 AML) we did-
n’t observe any inverse correlation between CD117
and CD15, whereas a low direct correlation between
CD117 and HLA-DR antigen was also found (Table
2).
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Table 3. Some clinical and immunological findings of M5a (from #1 to 9) and M5b (from #10 to 20) AML. In no case central

nervous system involvement has been observed.

No. Sex Age Type of leukemia  Splenomegaly LDH WBC CD117 (%) CD34 (%) CD4 (%)  Other ANAE
1 M 65 after MDS no 450 14 54 49 3 +
2 F 62 BC CML yes 1350 12 43 50 2 CD7+ +
3 M 66 de novo no 1907 30 29 2 65 +
4 F 47 de novo no 1186 13 38 28 +
5 M 55 de novo no 468 2 37 71 2 CD7+ +
6 M 42 de novo no 277 2 44 60 4 +
7 F 31 de novo yes 5304 82 36 5 5 CD7+ +
8 F 45 after MDS no 1474 26 35 25 1 +
9 M 66 after MDS yes 2133 52 24 32 31 +
10 M 12 de novo yes 170 2 6 0 94 +
11 M 71 After MDS no 483 11 4 3 59 +
12 M 54 BC CML yes 247 15 5 0 69 +
13 F 74 after MDS no 5358 53 1 0 62 +
14 M 64 de novo no 3674 39 1 2 47 CD10+ +
15 M 48 de novo yes 645 24 7 8 61 +
16 F 79 de novo yes 5060 129 5 8 83 +
17 F 39 de novo no 3380 65 12 0 27 +
18 F 51 after MDS no 2011 28 7 28 36 +
19 F 67 after MDS yes 3467 61 17 5 +

20 F 64 de novo no 6360 211 0 1 +

WBC: x10%/L; LDH u/L. ANAE (a-naphtyl acetate esterase): no fewer than 500 cells were counted to evaluate the reaction. +: > 50%; +: > 30% < 50%.

In all cases the cells were sensitive to the sodium fluoride (NaF).

Monocytic leukemias

Of the twenty cases with pure monocytic leukemia
(Table 3), all nine M5a AML always expressed CD117
antigen, whereas ten (eight of which CD34 negative
and CD4 positive) of the eleven M5b AML did not.
Furthermore, in the M5 FAB AML we observed a very
high inverse correlation between CD117 and CD14
(detected by LeuM3 MoAb), CD4 and CD15 (Table
2). In M5a and M5b AML, due to the absence of
CD117 in more mature cases, its frequency was low-
er than in MO-M3 AML and M4 AML (50% vs 83%
and 82%, respectively, p 0.030).

Lymphoblastic leukemias

Of the 53 ALL, 46 cases (87%) belonged to B lin-
eage (5 early Pre-B, 32 common, 5 pre-B and 4 B)
and 7 cases (13%) to T lineage (5 early T and 2 late
T). Ph’ chromosome was present in 7 cases (13%),
CD34 antigen in 37 cases (70%) and MyAg co-expres-
sion in 22 cases (41%). Surface expression of CD117
antigen was never observed. Not even in the S early T
ALL (expressing CD34 in all cases, HLA-DR and
CD33 in four cases and CD13 in two cases) did we
observe a positivity of CD117 antigen over 2%.

Discussion

Our results did not support the reliability of the
CD117 in detecting leukemic myeloid lineages with
earlier differentiative level. In fact, the frequent posi-
tivity of CD117 antigen in M3 AML, the lack of any
correlation between CD117 and CD15 and the low
direct correlation between CD117 and HLA-DR anti-
gen, in pure acute granulocytic leukemias demon-
strate that, differently from CD34 antigen expres-
sion,2526 CD117 antigen is irrespective of FAB classi-
fication and may be retained in more advanced mat-
urational levels of the granulocytic lineage. In agree-
ment with our observations, Di Noto et al.® observed
that the expression of CD117 antigen on promyelo-
cytic blasts was rather frequent and that it was also
regulated by in vitro treatment with all-trans retinoic
acid. Furthermore, we didn’t find significant differ-
ences in CD117 positivity among the FAB subtypes
for the high heterogeneity of CD117 antigen expres-
sion (Figure 1).

Interestingly, only in pure acute monocytic
leukemias was CD117 antigen strictly restricted to
earlier stages. Of note, some reports, by using YB5.B8
clone®'7 as well as 17F11 clone,"" have shown less
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Figure 2. Percentage of positive
cases in pure granulocytic and
monocytic lineage AML.
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frequent and lower expression of CD117 antigen in
monocytic subtypes confirming that blast cells from
this group express a phenotype which corresponds
more closely to a late differentiative stage.

Although CD4 molecule may be expressed in vari-
ous AML FAB subtypes,? this antigen showed an
inverse association with CD117 in our monocytic
leukemias. In a previous study'® CD4 was expressed
in four out of six CD117 negative and in three out of
five CD1177/CD34- M4-MS5 AML; this suggests a
possible association with precursors differentiating
towards the myelomonocytic lineage. The results
achieved by the Pearson’s coefficient value between
CD117 and the other antigens showed that CD34
and CD45RA, which directly correlated with CD117,
had a greater percentage of positivity in granulocyt-
ic leukemias than in monocytic ones. The opposite
was true for the antigens showing an inverse correla-
tion with CD117, suchas CD11b, CD11¢, CD15 and
CD45RO (Figure 2). In the M5b FAB subtype the
similarities or the differences between these antigens
and CD117 were even more clear-cut: for CD34 and
CD45RA we observed a percentage of positive cases
equal respectively to 9% and 25%, whereas for both
CD11b and CD45RO the percentage of positive cas-
es was 75% and for both CD15 and CD11c the per-
centage was 82%.

Thus, our study indicates that the positivity of
CD117 antigen does not depend on de novo or sec-
ondary type of leukemia. We think that, although the
leukemic blasts of MDS and CML originate from mul-
tipotent progenitor cells,?8% the expression of CD117
antigen is above all influenced by the developmental
granulocytic or monocytic lineage of these cases.

Although other series”'¢3° also showed the com-
plete absence of CD117 receptor on B and T lineage
lymphoblasts, from our study it is not possible to
draw a definitive conclusion on this topic due to foll-
wing reasons: 1) the few cases of T lineage ALL inves-

1 255 A EEL
17 CD34 CD45RA CD45R0 CDI5 CDllb CDlle

tigated; 2) a probable lower ability of the clone used
to detect CD117 antigen in the lymphoblastic
leukemias; and 3) the particular immunophenotyping
technique not including multiple staining for the spe-
cific identification of the leukemic blast cells. Indeed,
the expression of CD117 antigen on early thymo-
cytes®*3 and on some published cases of immature T
lineage ALL®%171 does not seem to suggest a myeloid
specificity of CD117. All studies agree, however, that,
with respect to CD33 and CD13, expressed on cells
from almost all AML cases and also in a substantial
subgroup of B and T lineage ALL, CD117 could have
more relevant myeloid specificity. Thus, in the debate
stimulated by the EGIL proposals,335 our data justi-
fy a greater pointing score of CD117 in the immuno-
logical classification of AML.

In conclusion, our data support the view that
CD117 may be of help in excluding a diagnosis of
ALL in positive cases and well characterizes the dif-
ferentiative degree of monocytic blasts.

Contributions and Acknowledgments

NC was the principal investigator, designed the study and
performed the statistical analyses. PM contributed to the
analysis and writing of the paper. GDA contributed to the
cytofluorimetric assays. LM and ANC were involved in clini-
cal management of the patients. MPP and GS collaborated
in data handling. MC is director of the department and con-
tributed to the conception of the study. The authors are list-
ed by degree of importance, except for the last name (MC)
who is the senior author.

Disclosures
Conflict of interest: none
Redundant publications: no substantial overlapping with
previous papers.

Manuscript processing
Manuscript received October 21, 1997; accepted Febru-
ary 12, 1998.



CD117 on AML and ALL blasts

References

1.

10.

11.

12.

13.

14.

15.

16.

Yarden Y, Kuang WJ, Yang-Feng T, et al. Human pro-
to-oncogene c-kit: a new cell surface receptor tyrosine
kinase for an unidentified ligand. EMBO ] 1987;
6:3341-51.

Broxmeyer HE, Cooper S, Lu L, et al. Effect of murine
mast cell growth factor (c-kit proto-oncogene ligand)
on colony formation by human bone marrow hemato-
poietic progenitor cells. Blood 1991; 77:2142-9.
Pietsch T, Kyas U, Steffens U, et al. Effects of human
stem cell factor (c-kit ligand) on proliferation of
myeloid leukemia cells: heterogeneity in response to
synergy with other hematopoietic growth factors.
Blood 1992; 80:1199-206.

Broudy VC. Stem cell factor and hematopoiesis. Blood
1997; 90:1345-64.

. Strobl H, Takimoto M, Majdic O, Hocker P, Knapp W.

Antigenic analysis of human haematopoietic progen-
itor cells expressing the growth factor receptor c-kit. Br
J Haematol 1992; 82:287-94.

D’Arena G, Cascavilla N, Musto P, et al. Flow cyto-
metric characterization of CD34* hematopoietic prog-
enitor cells in mobilized peripheral blood and bone
marrow of cancer patients. Haematologica 1996;
81:216-23.

Buhring HJ, Ulrich A, Schaudt K, Muller CA, Busch
FW. The product of the proto-oncogene c-kit is a
human bone marrow surface antigen of hemopoietic
precursor cells which is expressed on a subset of acute
non-lymphoblastic leukemic cells. Leukemia 1991; 5:
854-60.

Di Noto R, Lo Pardo C, Schiavone EM, et al. Stem cell
factor receptor (c-kit, CD117) is expressed on blast
cells from most immature types of acute myeloid
malignancies but is also a characteristic of a subset of
acute promyelocytic leukemia. Br ] Haematol 1996;
92:562-4.

Matutes E, Rodriguez-Valverde L, Farahat N, et al. C-
kit receptor (CD117) expression in acute leukemia
[abstract]. Blood 1995; 86(Suppl 1):770a.

Lauria F, Bagnara GP, Rondelli D, et al. Cytofluori-
metric and functional analysis of c-kit receptor in
acute leukemia. Leuk Lymphoma 1995; 18:451-5.
Kubota A, Okamura S, Shimoda k, Harada M, Niho
Y. The c-kit molecule and the surface immunopheno-
type of human acute leukemia. Leuk Lymphoma 1994;
14:421-8.

Sperling C, Schwartz S, Blchner T, Thiel E, Ludwig
WD. Expression of the stem cell factor receptor c-kit
(CD117) in acute leukemias. Haematologica 1997;
82:617-21.

Muroi K, Nakamura M, Amemiya Y, Suda T, Miura Y.
Expression of c-kit receptor (CD117) and CD34 in
leukemic cells. Leuk Lymphoma 1995; 16:297-305.
Lanza F, Moretti S, Castagnari B, Latorraca A, Ferrari
L, Castoldi GL. Flow cytometry quantitation of 1I-3
and c-kit receptors in acute leukemias. Clinical and
biological implications [abstract]. Haematologica
1996; 81(suppl 5):80.

Macedo A, Orfao A, Martinez A, et al. Immunophe-
notype of c-kit cells in normal human bone marrow:
implications for the detection of minimal residual dis-
ease in AML. BrJ Haematol 1995; 89:338-41.
Reuss-Borst MA, Buhring HJ, Schmidt H, Muller CA.
AML: immunophenotypic heterogeneity and prog-

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

397

nostic significance of c-kit expression. Leukemia 1994;
8:258-63.

Sperling C, Schwartz S, Maurer J, et al. CD117 expres-
sion is restricted to myeloid and early T-lineage differ-
entiation in acute leukemias and lacks prognostic sig-
nificance in AML [abstract]. Blood 1995; 86(suppl.
1):40a.

Ikeda H, Kanakura Y, Tamaki T, et al. Expression and
functional role of the proto-oncogene c-kit in acute
myeloblastic leukemia cells. Blood 1991; 78:2962-8.
Nishii K, Kita K, Miwa H, et al. C-kit gene expression
in CD7 positive acute lymphoblastic leukemia: close
correlation with expression of myeloid associated anti-
gen CD13. Leukemia 1992; 6:662-8.

Bennett JM, Catovsky D, Daniel MT, et al. Proposed
revised criteria for the classification of acute myeloid
leukemia. Ann Intern Med 1985; 103:620-5.
Cascavilla N, Greco MM, Ladogana S, et al. Acute
myeloid leukemia: correlation between FAB classifi-
cation criteria and surface antigenic markers. Haema-
tologica 1988; 73:37-42.

Foon KA, Todd RF. Immunologic classification of
leukemia and lymphoma. Blood 1986; 68:1-31.
Cascavilla N, Musto P, D’Arena G, et al. Are “early”
and “late” T acute lymphoblastic leukemias different
diseases? A single center study of 34 patients. Leuk
Lymphoma 1996; 21:437-42.

Armitage P. Statistical methods in medical research.
New York: John Wiley & Sons, 1971.

Carlo Stella C. Cazzola M, De Fabritiis P, et al. CD34
positive cells: biology and clinical relevance. Haema-
tologica 1995; 80:367-87.

Cascavilla N, Musto P, D’Arena G, Ladogana S, Mat-
era R, Carotenuto M. Adult and childhood acute lym-
phoblastic leukemia: clinico-biological differences
based on CD34 antigen expression. Haematologica
1997, 82:31-7.

Vinante F, Pizzolo G, Rigo A, et al. The CD4 molecule
belongs to the phenotypic repertoire of most cases of
acute myeloid leukemia. Leukemia 1992; 6:1257-62.
Griffin JD, Lowemberg B. Clonogenic cells in acute
myeloblastic leukemia. Blood 1986; 68: 1185-95.
Cuneo A, Ferrant A, Michaux JL, et al. Philadelphia
chromosome-positive acute myeloid leukemia: cyto-
immunologic and cytogenetic features. Haematolo-
gica 1996; 81:423-7.

Muroi K, Amemiya Y, Miura Y. Specificity of CD117
expression in the diagnosis of acute myeloid leukemia.
Leukemia 1996; 10:1048.

Godfrey DI, Zlotnik A, Suda T. Phenotypic and func-
tional characterization of c-kit expression during
intrathymic T cell development. J Immunol 1992;
149:2281-5.

deCastro CM, Denning SM, Langdon S, et al. The c-
kit proto-oncogene receptor is expressed on a subset
of human CD3-CD4-CD8- (triple-negative) thymo-
cytes. Exp Hematol 1994; 22:1025-33.

Rodewald HR, Kretzschmar K, Swat W, Takeda S.
Intrathymically expressed c-kit ligand (stem cell fac-
tor) is a major factor driving expansion of very imma-
ture thymocytes in vivo. Immunity 1995; 3:13-9.

Bene MC, Castoldi C, Knapp W, et al. Proposal for the
immunological classification of acute leukemias.
Leukemia 1995; 9:1783-6.

van Dongen JJM. Proposals for immunological classi-
fication of acute leukemias. Leukemia 1995; 9:2149-
50.





