Referenties

1. Grohmann U, Fallarino F, Puccetti P. Tolerance, DCs and
tryptophan: much ado about IDO. Trends Immunol 2003;
24: 242-8.

2. Ruddick JP, Evans AK, Nutt DJ, Lightman SL, Rook GA,
Lowry CA. Tryptophan metabolism in the central nervous
system: medical implications. Expert Rev Mol Med 2006;
8:1-27.

3. Widner B, Werner ER, Schennach H, Fuchs D. An HPLC
method to determine tryptophan and kynurenine in serum
simultaneously. Adv Exp Med Biol 1999; 467: 827-32.

4. Hoshi M, Ito H, Fujigaki H, Takemura M, Takahashi T,
Tomita E, et al. Indoleamine 2,3-dioxygenase is highly
expressed in human adult T-cell leukemia/lymphoma and
chemotherapy changes tryptophan catabolism in serum and
reduced activity. Leuk Res 2009: 33: 39-45.

5. Feder-Mengus C, Wyler S, Hudolin T, Ruszat R, Buben-
dorf L, Chiarugi A, et al. High expression of indoleamine
2,3-dioxygenase gene in prostate cancer. Eur J Cancer
2008; 44: 2266-75.

6. deJong WH, Graham KS, van der Molen JC, Links TP, Mor-
ris MR, Ross HA, et al. Plasma free metanephrine measure-
ment using automated online solid-phase extraction HPLC
tandem mass spectrometry. Clin Chem 2007; 53: 1684-93.

Ned Tijdschr Klin Chem Labgeneesk 2009; 34: 232-234

7. de Jong WH, Graham KS, De Vries EG, Kema IP. Urinary
5-HIAA measurement using automated on-line solid-phase
extraction-high-performance liquid chromatography-tan-
dem mass spectrometry. J Chromatogr B Analyt Technol
Biomed Life Sci 2008; 868: 28-33.

8. de Jong WH, Smit R, Bakker SJ, de Vries EG, Kema IP.
Plasma tryptophan, kynurenine and 3-hydroxykynurenine
measurement using automated on-line solid-phase extrac-
tion HPLC-tandem mass spectrometry. J Chromatogr B
Analyt Technol Biomed Life Sci 2009; 877: 603-9.

9. Eynard N, Flachaire E, Lestra C, Broyer M, Zaidan R,
Claustrat B, et al. Platelet serotonin content and free and
total plasma tryptophan in healthy volunteers during 24
hours. Clin Chem 1993; 39: 2337-40.

10. Amirkhani A, Heldin E, Markides KE, Bergquist J. Quan-
titation of tryptophan, kynurenine and kynurenic acid in
human plasma by capillary liquid chromatography-electro-
spray ionization tandem mass spectrometry. J Chromatogr
B Analyt Technol Biomed Life Sci 2002; 78: 381-7.

Diagnostic utility of multiparameter flow-cytometry analysis in myelodysplastic
syndromes

E.W.M. KEMNA, J. SLOMP, M. de GROOT, J.G. tt MARVELDE*, R. BROEKKAMP and I. VERMES

Introduction

The myelodysplastic syndromes (MDS) are a hetero-
geneous group of bone marrow (BM) disorders char-
acterized by ineffective and dysplastic hematopoiesis
in one or more blood cell lineages, increased apoptosis
and hyper-proliferative BM. Furthermore, MDS has a
high rate of transformation to acute myeloid leukemia
(sAML). The WHO classification of MDS takes into
account both morphologic and cytogenetic features
and divides MDS into 8 subgroups. Currently, classi-
fication relies on combining clinical information with
morphologic and cytogenetic features of peripheral
blood and BM. However, cytogenetic abnormalities
are found in only ~40% of the cases, while morpho-
logic evaluation is subjective. It has been shown that
flow-cytometry (FC) can reveal immunophenotypic
aberrations in MDS compared to normal BM (1-4).
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Furthermore, expansion of the knowledge regarding
apoptosis and proliferation could lead to new insights
in treatment, and may serve as an additional marker
for the diagnosis of MDS. The aim of the present
study was to improve the diagnosis and classification
of MDS by quantitative assessment of hematopoietic
differentiation pathways by multiparameter FC.

Methods

Twenty-five normal BM, obtained from patients
who were subject to hip -or open heart surgery and
31 BM from patients with a suspicion for MDS were
analyzed. Eleven of the 31 MDS suspicious BM were
confirmed as MDS by morphologic and cytogenetic
features. A panel of eight quadruple immunostainings
was developed to characterize erythroid, granulocytic,
monocytic and mono/myeloblasts differentiation path-
ways, according to the protocol of the Dutch working-
group on MDS (chair Dr. Arjan A. van de Loosdrecht).
Shortly, the following 4-colour panel was used; Ery-
throid differentiation: CD71/CD235a/CD34/CD117,
Mono/myeloid blasts: CD34/CD117/CD45/CD13.33
and CD15/HLA-DR/CD45/CD11b; Monocytic differ-
entiation: CD36/CD33/CD45/CD14; Myeloid blasts:
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CD7/CD56/CD45/CD34 and CD5/CD19/CD45/CD34;
Basophils: CD123/HLA-DR/CD45/CD34. Apoptosis and
proliferation were measured by using AnnexinV/PI
and Ki67, respectively. The degree of apoptosis and
proliferation was determined in MDS suspected BM
(n=30, n=17) and normal BM (n=20, n=12).

The different cell compartments were identified using
CD45 expression, SSC characteristics and specific
antibodies. Normal BM served as a framework of refe-
rence for absolute percentages and normal pattern rec-
ognition."* However, individual immunophenotypic
deviations do not have to be specific for MDS. This
requires an FC scoring system, which quantifies ab-
normalities in the erythroid, granulocytic, monocytic
and mono/myeloblasts differentiation pathways. With
the scoring system used a BM was classified as MDS
if the flow score was > 2.0, using the following cri-
teria'; an aberrant immunophenotype or percentage
>3% or <0.2% of myeloid blasts, 2 points; an aberrant
immunophenotype in other lineage, 1 point.

A scoring system for apoptosis measurements was de-
veloped using described characteristics of apoptosis
in MDS. We defined a BM as increased suspicion for
MDS when the flow score was > 3, using the follow-
ing criteria: an increased/decreased apoptosis overall,
3 points; an increased apoptosis CD3* lymphocytes
(B- T- & NK-cells) or increased/decreased apoptosis
in CD34* cells, 2 points and finally, an increased/de-
creased apoptosis in other subpopulation, 1 point.
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Results

Aberrant expression of membrane markers using FC
analysis were detected in MDS BM as shown in the
figure 1. The first figure (1A) shows a complete ab-
sence of the erythroid lineage. An increased percent-
age of mono/myeloid blasts is shown in figure 1B,
indicating MDS. The maturation of granulocytes and
monocytes, revealed a low expression of CD11b on
monocytes. Moreover, the entire pattern is collapsed
(figure 1C). Regarding the monocytic differentiation
a low percentage promonocytes and a high percent-
age blasts was observed (figure 1D). The myeloid/
granulocytic differentiation demonstrated two dis-
tinct patterns, ‘nike’ and ‘u-shape’, respectively (fig-
ures 1E/F). An aberrant relationship between CD11b
and CD13 and an a-synchronic shift to the left was
observed, indicating an increase of immature granu-
locytic precursor cells and a reduction in maturing
granulocytes. Myeloid blasts were screened for the
presence of lineage infidelity markers CD56, CD7,
CDI19 and/or CDS5 or the absence of CD34 expres-
sion (figure 1G). In this figure 39% of the blasts are
CD7* (p=0.01), compared to healthy BM, suggesting
MDS. Furthermore, a MDS specific significant in-
crease (p<.001) in proerythroblasts, median of 1.6%
compared to 0.4% in healthy control BM and median
of 0.5% to non-MDS diagnosed BM (p<.01). Over-
all, 82% (9/11) MDS patients showed abnormalities
in granulocytic differentiation, like abnormal CD45,
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Figure 1. An overview of aberrations found in analyzed MDS BM, regarding each staining.
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Table 1. FC score system for panel and apoptosis applied to MDS BM. Erythroid, erythroid lineage; Blasts, myeloid blasts; Granulo, gran-
ulocytic lineage; Mono, monocytic lineage; PN, patient number; Ph, phenotype; ND, not determined; A:-P-ratio, apoptosis:proliferation

ratio * not conclusive, treatment observation

PN Erythroid Blasts Granulo Mono Score  Flow Clinic Apoptosis  A:P-ratio
Ph % Ph % Ph % Ph %
MO001 X X X X X X 4 MDS RAEBI 2 ND
MO007 X X X X 2 MDS RA 0 ND
MO08 X X X 2 MDS MDSU 2 ND
MO17 X X X X 5 MDS RA 6  Aberrant T
MO019 X X X X X 3 MDS RAEB I 5 Aberrant |
MO020 X 1 Normal RARS 0 Normal
MO025 X X X X 3 MDS RA* 3 Aberrant T
MO027 X X X X X X 3 MDS MDS 5 Normal
MO028 X X X X X 5 MDS RAEB II 9 Aberrant T
MO030 X X 3 MDS RARS 6 Normal
MO031 X X 3 MDS RA ND ND
CD15 and/or CD33 expression, and monocytic lin- Conclusion

eage, for example abnormal expression of CDA45,
CD14, CD13 and CD33. When applying the FC score
system this resulted in the detection of 91% (10/11)
of the morphological and cytogenetically identified
MDS patients, with a specificity of 100%. The unrec-
ognized MDS was morphologically distinct through
the presence of ringsideroblasts (RARS). FC analy-
sis showed aberrant CD7 expression on myeloid pro-
genitors (p<.001) compared to healthy BM, in MDS
suspicious BM, amongst one BM were morphology
and cytogenetics was inconclusive, underlining the
additional value of FC analysis. Since, recent studies
suggest this might identify patients with MDS clini-
cally at risk®. Detectable change in apoptotic rates in
different cell compartments regarding MDS patients
was observed. When the apoptosis score system was
applied, 60% was marked as suspicious for MDS;
however the first three MDS BMs were not analyzed
using CD3 antibody. The apoptosis:proliferation ra-
tio was sensitive (4/7) regarding MDS identification
compared to normal BM. The final graph (figure 1H),
shows increased apoptosis in MDS.
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The quantitative assessment of hematopoietic dif-
ferentiation pathways can improve the diagnosis and
classification of MDS, especially when morphology
and cytogenetics are inconclusive. Apoptosis and pro-
liferation measurements of BM may further aid in the
diagnosis, classification and subsequent treatment of
MDS patients.
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