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Two methodsfor the quantitative analysis of surface
antigen expression in acute myeloid leukemia (AML)
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Abstract: The expression of lineage molecules (CD13 and CD33), c-Kit receptor (CD117), CD34, HLA-DR and adhesion
molecule CD49d was assessed in acute myeloid leukemia (AML) blast cells from 32 cases, using direct and indirect quantitative
cytometric analysis. High correlation (r=0.8) was found between antigen expression intensity values calculated by direct
analysis method (ABC) and by indirect analysis method (RFI). Moreover, the differences in expression intensity of CD13,
CD117 and CD34 antigens were found between leukemic and normal myeloblasts. This may be helpful in identification of
leukemic cells in the diagnostics of minimal residual disease after treatment in AML patients.
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Introduction on the number of whitblood cells in peripheral blood
[15].

In acute leukemias, abnormalities concern not only The objective of our study was to perform a quanti-

antigen expression but also its intensity, which may hatetive expression analysis of myeloid lineage antigens:

diagnostic or prognostic significance [3, 5, 6, 8, 12, 14€D13, CD33, CD117 and CD34 that occur on early

Hence, there is a necessity of accurate and relialbi®od progenitors and leukemic cells, by two quantita-

cytometric quantitative evaluation of surface antigetive cytometric methods: direct (ABC) and indirect

expression. Special indices were established to calcul@&¥Fl).

relative "expression intensity" in relation to the type of

cytometer and fluores_cence_ intensity of isotypic controly aterials and methods

an example of such index is so called relative fluores-

cence intensity (RFI) [5, 10]. Moreover, there are speci@dtients. Bone marrow aspirates were collected from 32 patients

kits for direct determination of the number of antibod ith M1 or M2 adult acute myeloid leukemia. After informed

. . - . —tonsent and agreement of the Bioethical Board, 10 bone marrow
molecules bound to a corresponding antigenic ep'togﬁ)irates (BM) were obtained from healthy adults serving as control

which allow to assess capacity of antibody binding byibjects. AM diagnosis by FAB group criteria was established using
means of an index called ABC - antibodies bound petrphological, cytochemical andimmunophenotypical examination
cell [9]. of bone marrow smears [1].

Immunophenotypic characteristics of AML myEIO_.CeII preparation and immunofluorescence. Two-ml fresh hepa-

blasts based on accurate qualitative and quantitatiyg;ed bone marrow aspirates were diluted with an equal volume of
description of antigens are important for diagnosis. TR&8S. Cells were incubated with the appropriate monoclonal mouse

literature data show that depending on the type of pr@.ti-human antibodies. Cell surface markers were assessed by direct

liferation te or chronic) there are differen in tH@munofluorescence _method, u_sing phycoerythrine (PE)-con-
eration (acute or chronic) there are differences Hl;@gatedmonoclonalantlbodlesagalnstantlgens:CD13,CD33,CD34

density of CD33 antigen on leukemic myeloblasts [y cp117pE (clone 95C3), HLA-DR and CD49d (Becton Dickin-
Our data show that the density of CD117 (c-Kit receptogpn, USA). 10 000 cells were counted and data were recorded in the
on bone marrow myeloblasts in AML patients dependist mode.

Flow cytometry studies. All samples were analysed using flow
cytometers: CytoronAbsolute with ImmunoCount software (Ortho)
Correspondence: J. Woniak, Dept. Physiopathology, Institute of and/or a FACS Calibur with CellQuest software (BD).

Hematology and Blood Transfusion, Chocimska 5, 00-957 Warsza- Electronic gating on the basis of FSC and SSC first eliminated
wa, Poland; e-mail: facsiht@ihit.waw.pl cellular debris and nonviable cells. Distinct cell populations present
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Table 1. Comparison of surface molecule expression intensity on AML myeloblasts measured by two quantitative flow cytometry methods:

antibodies bound per cell (ABC) and relative fluorescence intensity (RFI)

Antigens CD13 CD33 CD34 CD117 Cb49d
Quantitative metods ABC RFI ABC RFI ABC RFI ABC RFI ABC RFI
Mean 7232 14,8 4 549 12,4 14 6Q7 17,7 10 615 16,5 4677 18,7
SD 5684 3,8 3542 3,3 11941 3,5 6163 2,1 2209 2,1

AML M1+M2

Min | 614 71 | 1266| 61 | 2059 11,1 3209 125 1536 94
Max | 21117| 214 | 12273 200 62234 240 25349 204 11865 17,3
Mean | 3344 | 141 | 4221 144 17846 20, 4042 141 5352 144

Normal sb | 1178 | 1,7 | 20271 20| 2831 13 324 11 1176 0,8
bone marrow T e T 604 | 119 | 1354] 106 13986 184 357 122 3856 13,5
Max | 5184 | 16,9 | 7319| 16,7 21526 219 4492 152 7014 155
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in the specimen were identified using CD45 and SSC. On tiraethod. In the majority of cases, the number of binding
CD45/SSC dot plots, 4 gates were set up for lymphocytes, mongieg (ABC) for myeloid lineage markers CD13 and

cytes, myeloblasts, and granulocytes. To determine the immunaQ;
phenotype of myeloblasts we used a triple labelling method wi?f!DBs ranged from 1000 to 13000 and for CD117 and

CD45-PE-Cy5 against each CD-FITC and CD-PE. FSC/SSC akeD34 from 3000 to 20000. The most homogeneous
CD45/SSC gating assessed antigen expression on myeloblasts @edsity on the M1 and M2 leukemic myeloblasts was

the threshold value for antigen positivity was more than 20% positivthown by adhesion molecule CD49d; in the majority of

blasts. : P -
The receptor expression was measured by an indirect quantifié:t%ses the number of antibody binding sites ranged from
tion method previously described by Miven al. [10]. Antigen 00 to 6000. ) )
expression was quantified by measuring the mean value of PE The second method of calculation was the relative
fluorescence (in linear scale) of molecules and their isotype contfpljorescence intensity (RFI) index according to

on AML and normal bone marrow myeloblasts. The distribution ‘Wliwa’s formula; an indirect method with regard to
the fluorescence was always close to a normal Gaussian distribution't . t I’fl | Dat btained
thus the mean value of the fluorescence histogram was a gd§9 ypic control Tluorescence values. Data obtaine

representative parameter. using this method showed that the range of RFI values
The intensity of antigen expression was found by relative fluorefor CD13 and CD33 was wide, from approximately 8
cence intensity (RFI) according to the following formula: AU (Arbitrary Units) to 20 AU while for CD117 and

RFI = 10x (3.5x mean channel of antigen fluorescerasumber CD34 fro.m 11AU to 22 AU. Detailed data are sum-
of channels) —1& (3.5x mean channel of isotype control fluores-marised in Table 1. _ o
cence: number of channels) [10] If antigen expression intensity was high, it was re-
o _ vealed by both methods (ABC and RFI). Likewise, low
Standardization was performed with fluorescent beads (DaI@BC expression intensity values corresponded to low

fluorospheres). . .
Direct quantitative analysis were completed by converting fIU(BFI values. Correlation coefficient between ABC and

rescence intensity into the number of antigen molecules per cell, RE| values was high: r = 0.7 - 0.8 (Fig. 1).
measured by antibody binding per cell (ABC). The QuantiBRITE

test (Becton Dickinson) was applied. The mean channels of PE . . L
fluorescence were found and ABC was then calculated, using Qu&somparison of the number of antibody binding

tiCALC software [4]. sites (ABC) on leukemic and normal bone

Statistical analysis. Data are presented as mearSD and the marrow myeIOblaStS
interquartile range. Box-whisker plots illustrate the data distributioThe ABC and RFI values for CD13 and CD117 on bone
e oo Deronass wae conaas wtcan. perrow myeloblasts in more than 6086 of AML cases
p<0.05. Correlation coefficient was determined by linear regressi%he] ;e” ngseéfg?gmﬁsgai?;nqg I(?rgrena(l)ﬂ}[g Zg/n)trt%lg ’VOaTLIJyelg
0
were lower than those of the controls.

Results The pattern of expression intensity presented in ABC
Comparison of results of quantitative and RFI for CD33 and CD34 antigens was different:
expression analysis obtained by two methods: approximately 50% AML cases showed ABC and RFI
ABC and RF| values below the lower range for those antigens in

normal myeloblasts. In 4 cases, CD34+ myeloblasts
The first quantitative method for the analysis of antigeshowed ABC and RFI values above the upper range
expression was the antibody bound per cell (ABGjalue for normal bone marrow myeloblasts (Fig. 2).
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Fig. 1. Correlation between the values of expression intensity measured using two quantitative methods: ABC and RFI.

Discussion liable method, but it is difficult to perform and expens-

ive. Another useful method is determination of detailed
Comparison of the values of CD13, CD33, CD34 andimunophenotype of leukemic myeloblasts with spe-
CD117 antigen expression intensity, represented as R€ific, atypical coexpressions. Unfortunately, in many
and these obtained by the ABC method shows higlases the immunophenotype of leukemic cells is similar
positive correlation. Such a correlation suggests thattm that of normal myeloblasts [13]. A comparison of
the situation when object of interest shows differencé@BC results of myeloblast antigens, especially CD13,
in antigen expression intensity between leukemic bla8D117 and CD34 shows differences in their density
cells and the normal bone marrow blast cells, a simgdetween leukemic and normal myeloblasts. Increase in
calculation of RFI index is satisfactory and there is nGD13 density may be the result of regulatory role of this
need to use reagent kits for the ABC determination. molecule inthe angiogenesis; this process is unregulated

In recent years, there is an increasing interest im AML [2]. The increase in c-Kit receptor (CD117)

applying new methods for the determination of minimalensity may be related to the changes in adhesive proper-
residual disease (MRD) in patients with AML. Theies of leukemic myeloblasts leading to leukopenia in
cytogenetic examination is the most sensitive and rérese patients. [11].
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Fig. 2. ABC and RFI values of surface molecules on AML and normal bone marrow myeloblasts. Each point indicates an individual patient.
Thick parallel lines indicate range of values for normal bone marrow myeloblasts.
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€

for di . d ific. individual | of f Bhagwat SV, Petrovic N, Okamoto Y, Shapiro LH (2003) The
Or diagnosis and a speciic, individual panel or surta angiogenic CD13/APN is a transcriptional target of Ras signaling

antigens with special regard to quantitative characteristics pathways in endothelial morphogenesis. Blood 101: 1818-1825
of antigen expression can be evaluated for each pati¢rg] Cichorek M, Koztowska K, Witkowski JM, Zarzeczna M
This panel should be further applied to the identification of (2000) Flow cytometric estimation of the plasma membrane

: P P L p ; diversity of transplantable melanomas, using annexin V. Folia
leukemic cells in investigation of minimal residual disease. /. = - Cytobiol 38: 41-43

[ 4] Davis K, Abrams B, Hoffman RA, Bishop JE (1996) Quantita-
References tion and valence of antibodies bound to cells. Cytometry, Suppl
8: 150
[ 1] Bain BJ, Clark D, Lampert IA, Wilkins BS (2001) Speciall 5] Hultin LE, Matud JI, Giorgi JV (1998) Quantitation of CD38
technique applicable to bone marrow diagnosis. In: Bone Mar-  activation antigen expression on CD8+ T cells in HIV-1 infec-



Surface antigen expressionin AML 199

tion using CD4 expression on CD4+ T lymphocytes as a biol-  origin and hematopoietic precursor cell origin. Leukemia 12:
ogical calibrator. Cytometry 33: 123-132 44-51

[ 6] Jennings DC, Foon KA (1997) Recent advances in flow cyt¢11] Papayannopoulou T, Priestley GV, Nakamoto B (1998) Anti-
metry: application to the diagnosis of hematologic malignancy. VLA-4/VCAM-1-induced molilization requires cooperative
Blood 90: 2863-2892 signalling through the kit/mkit ligand pathway. Blood 91: 2231-

[ 7] Jilani |, Estey E, Huh Y, Joe Y, Manshouri T, Yared M, Giles 2239
F, Kantarjian H, Cortes J, Thomas D, Keating M, Freireich §12] Poncelet P, George P, Papa S, Lanza F (1996) Quantitation of
Albitar M (2002) Differences in CD33 intensity between vari- hemopoietic cell antigens in flow cytometry. Eur J Histochem
ous myeloid neoplasms. Am J Clin Pathol 118: 560-566 40, Suppl 1: 15-32

[ 8] Lavabre-Bertrand T, Janossy G, Ivory K, Peters R, Secker-W§l-3] Rothe |, Schmitz G (1996) Concensus protocol for the flow
ker L, Porwit-MacDonald A (1994) Leukemia-associated cytometric immunophenotyping of hematopoetic malignances.
changes identified by quantitative flow cytometry: I. CD10  Leukemia 10: 877-895
expression. Cytometry 18: 209-217 [14] Sikora J, Zromski J (2002) Expression of TCR-zeta chain and

[ 9] Lenkei R, Gratama JW, Rothe G, Schmitz G, D’hautcourt JL, apoptosis in subpopulations of tumor-associated lymphocytes
Arekrans A, Mandy F, Marti G (1998) Performance of calibra-  (TALs) from malignant pleural effusions. Folia Histochem Cy-
tion standards for antigen quantitation with flow cytometry.  tobiol 40: 347-351
Cytometry 33: 188-196 [15] Wozmiak J, KopéeSzlgzak J (2004) C-kit receptor (CD117)

[10] Miwa H, Mizutani M, Mahmud N, Yamaguchi M, Takahashi expression on myeloblasts and white blood cell (WBC) counts
T, Shikami M, Shiku H, Tanaka I, Nakase K, Nasu K, Dohy H, in acute myeloid leukemia (AML). Clin Cytometry 58B: 9-16
Ueda T, Kamada N, Kita K (1998) Biphasic expression of CD4

in acute myelocytic leukemia (AML) cells: AML of monocyte Accepted February 5, 2004



