
Applicability of Flow
Cytometry for the Diagnostics 
of Myelodysplastic Syndromes

Sum mary

Back ground and ob jec tives. Di ag no sis of myelodysplastic syn dromes
(MDS) is based on eval u a tion of blood cell counts, as well as on mor pho -
log i cal fea tures of hematopoietic cells and dis tinct cytogenetic ab nor -
mal i ties. As about half of cases are cytogenetically “si lent” and the re -
sults of mor pho log i cal anal y sis are some times in def i nite there is a need
for ad di tional ob jec tive method to es tab lish the di ag no sis of MDS. Flow
cytometry can be used to de fine the per cent age of blasts and their phe no -
type, as well as the reg u lar ity of granulocyte, monocyte and erythro -
karyo cyte mat u ra tion pat terns and may serve as a pow er ful tool for the
clar i fi ca tion of di ag no sis.

Ma te ri als and meth ods. 56 adult pa tients with MDS in sus pi cion
treated at Vilnius Uni ver sity Hos pi tal Santaros Klinikos were in cluded
in the study. Di ag nos tic bone mar row sam ples were an a lyzed on FACS
Canto flow cytometer ap ply ing 6 color marker panel.

Re sults. Four de vi a tions from nor mal phe no type or mat u ra tion
pat terns in blast, granulocyte, monocyte or erythrokaryocyte pop u la -
tions were proven to suf fi ciently dis crim i nate MDS pos i tive and neg a -
tive cases. In this set ting the spec i fic ity of the as say was 73.3% and the
sen si tiv ity was 80.0%. These find ings were: re duced B-cell pre cur sors
count (p=0.03), re duced side scat ter of granulocyte pop u la tion (p=0.10),
changes of CD10/CD64 and CD11b/CD13/CD16 ex pres sion pat tern on
granulocyte pop u la tion (p=0.03 and p<0.01 re spec tively), and changes of 
CD71/CD235a ex pres sion pat tern on erythrokaryocyte pop u la tion
(p=0.05).

Con clu sions. Flow cytometry can be ap plied to dif fer en ti ate cyto -
penias and to iden tify pa tients with higher risk of MDS as a part of in te -
gral di ag no sis.
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INTRODUCTION

Myelodysplastic syn dromes (MDS)
are clonal haematopoietic stem cell
dis eases, char ac ter ized by cyto -
penias, dysplasia in one or more of the 
ma jor myeloid cell lines, in ef fec tive
haema to poiesis, and in creased risk of
de vel op ment of acute myeloid leu ke -
mia [1]. The di ag no sis of myelo dys -
plastic syn dromes is based on eval u a -
tion of pa tient’s clin i cal his tory, pe -
riph eral blood and bone mar row (BM)

cell counts and mor pho log i cal fea -
tures, cytogenetic in for ma tion and
ex clu sion of other dis eases [2]. How -
ever, cytoge netic ab nor mal i ties are
iden ti fied in only 30–40% of MDS
cases and mor pho log i cal eval u a tion,
ex cept in cases with ob jec tive changes 
(ex cess of blasts, ringed sideroblasts), 
is of ten in ves ti ga tor de pend ent, and
that leaves a large pro por tion of
cytopenic pa tients with an un clas si -
fied di ag no sis [3]. To ad dress the sit u -
a tion, multipa rameter flow cytometry 
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was rec om mended as a co-cri te rion in
the di ag nos tics of MDS [4]. The rec -
om men da tions of World Health Or ga -
ni za tion (2008) in di cate that mul ti ple
(more than 3) aberrancies in blood
cell mat u ra tion pat terns may be used
as a di ag nos tic co-cri te rion of MDS.
When no cyto genetic al ter ations are
de tected and mor pho log i cal ex am i na -
tion is bor der line, flow cytometry may 
as sist to iden tify pa tients who need a
more thor ough fol low up [5]. A num -
ber of stud ies have re ported flow cyto -
metric ab nor mal i ties in bone mar row
of MDS pa tients. Most of them have
fo cused on ab er rant an ti gen ex pres -
sion pat terns of ma tur ing myelo -
mono cytic cells. This ap proach was
based on the fact that nor mal haema -
to poiesis is char ac ter ized by sus tain -
able an ti gen ex pres sion pat terns.
Other stud ies im ply that eval u a tion
of an ti gen ex pres sion just on CD34+
myelo blasts gives more con sis tent re -
sults in the di ag no sis and prog no sis of 
MDS, as changes in mat u rat ing
myelomonocytic cells might be found
in non-MDS con di tions as well [6, 7].
No sin gle flow cytometric ab nor mal -
ity has been proven to be a spe cific di -
ag nos tic marker of MDS, but good
sen si tiv ity and spec i fic ity re sults
have been reached us ing a com bi na -
tion of immunophenotypic pa ram e -
ters [8]. Eu ro pean LeukemiaNet
Group pro posed stan dard ized flow
cytometric as say for cat e go ri za tion of
MDS, which in cluded eval u a tion of
ab er ra tions in pro gen i tor cell seg -
ment as well as de tec tion of dys gra nu -
lo poietic, dysmonopoietic, and dys -
erythro po ietic fea tures [9]. In our
study we sought to ap ply these rec om -
men da tions con struct ing a stan dard -
ized 6 color marker panel and us ing it
to test de novo and post-treat ment pa -
tients with cytopenia.

MATERIALS AND METHODS

Patients

56 adult pa tients with cytopenia in at
least one haematopoietic cell lin eage
and sus pi cion of MDS ad mit ted to the
Vilnius Uni ver sity Hos pi tal Santaros
Klinikos dur ing the pe riod from 2012
un til 2014 were in cluded in the study.
There were 29 male and 27 fe male pa -
tients. The av er age age of pa tients
was 59.37±11.59 years. All pa tients
gave an in formed con sent to par tic i -
pate in this study.

All as says were per formed on BM
sam ples ob tained by stan dard BM
punc ture pro ce dure and anticoagu -

lated with K3-EDTA. Data on pe riph -
eral blood com plete blood counts
(CBC’s) and cytogenetic ab nor mal i ties 
were taken from pa tient’s elec tronic
re cord. CBC’s were per formed on
Sysmex XE-5000 he ma tol ogy an a -
lyzer. Cytogenetic ab nor mal i ties were
iden ti fied us ing FISH karyotyping.

Sample preparation

Sam ples were pre pared by lysed whole 
blood tech nique. To stain cell sur face
an ti gens 100 mL of anticoagulated
bone mar row were in cu bated with
20 mL of pre-ti trated an ti bod ies for
20 min utes in the dark at room tem -
per a ture. Then 100 mL of lysing me -
dium (BD FACS Lysing So lu tion)
were added and sam ples were in cu -
bated for 15 min utes in or der to fix leu -
ko cytes and to lyse red cells. Af ter -
wards cells were washed in 3 ml of
wash buffer (BD CellWash  with
0.5% fe tal bo vine se rum) at 350 g for
5 minutes. Af ter the as pi ra tion of the
supernatant, cells were re-sus pended
in 500 mL of PBS (phos phate buf fered
sa line) with 0.5% fe tal bo vine se rum.
Sam ples were an a lyzed within
24 hours.

Monoclonal antibodies

A marker panel con sist ing of six-color
monoclonal an ti bod ies la beled with
FITC, PE, PerCP-Cy5.5, APC, PE-Cy7 
and APC-H7 was ap plied. As an chor
mark ers CD34 (PerCP-Cy5.5) and
CD45 (APC-H7) were se lected. Most of 
the tubes also con tained CD10 marker 
for sep a ra tion and enu mer a tion of
B-cell pre cur sors. Full list of mono -
clonal an ti bod ies is pre sented in Ta -
ble. All monoclonal an ti bod ies were
man u fac tured by BD Bio sci ences (San
Jose, US).

Data analysis

Sam ples were an a lyzed on BD
FACSCanto flow cytometer us ing
FACS Diva v.6.1.3 soft ware. 500 000
cells were ac quired from each tube.
Pa ram e ters for the anal y sis were cho -

sen ac cord ing to Eu ro pean Leuke -
miaNet Group rec om men da tions [9].
Blasts were iden ti fied as cells with low 
to in ter me di ate side scat ter (SSC) ex -
press ing CD34. In case of neg a tive
CD34 ex pres sion, cells with low to in -
ter me di ate side scat ter and dim CD45
ex pres sion were con sid ered as blasts.
Mark ers were eval u ated as pos i tive
when they were ex pressed on more
than 20% of cells, ex cept ma ture
myelo monocytic an ti gens (CD11b,
CD15, CD4) where 30% cut-off was
set. The per cent age of B-cell pre cur -
sors rel a tive to all CD34 pos i tive
events was es tab lished. In crease in
myeloid blasts over 3%, de crease in
haematogones less than 5%, al ter -
ations in the ex pres sion of early
(CD34, CD117, HLA-DR) or myeloid
(CD13, CD33) mark ers, co-ex pres sion
of lym phoid mark ers or CD56 and
asyn chron ous ma ture marker ex pres -
sion (CD15, CD11b and CD4 to gether
with CD34) were con sid ered as blast
ab er ra tions as so ci ated with MDS.

Granu lo cytes, monocytes and
erythrokaryocytes were de fined in
each SSC/CD45 scat ter gram. Granu -
lo cytes were ex am ined for re duced
SSC value, CD10 ex pres sion, reg u lar -
ity of CD11b/CD13/CD16, CD15/CD10 
and CD64/CD10 pat terns, CD56 co-ex -
pres sion over 30% and asyn chron ous
ex pres sion of early mark ers (CD34,
CD117, HLA-DR) over 30%.

In the pop u la tion of monocytes the
pro por tion of CD14 and CD36 neg a -
tive im ma ture cells was eval u ated
(con sid ered as nor mal up to 20%) as
well as CD56 co-ex pres sion over 30%
and ex pres sion of lym phoid an ti gens
(CD2, CD5, CD7, CD19) over 20%.
Also HLA-DR and CD11b mark ers
were ex am ined for the reduced
intensity.

Erythrokaryocytes were checked
for the reg u lar ity of CD71 and CD235a 
ex pres sion, re duced CD36 ex pres sion
or in creased pro por tion of CD117 pos i -
tive pro gen i tors over 10%.

One point was asigned for each of
the men tioned char ac ter is tics and the
sum of all points was used as Flow
cytometric MDS score.
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Ta ble. List of monoclonal an ti bod ies used for MDS di ag nos tics

FITC PE PerCP-Cy5.5 APC PE-Cy7 APC-H7

CD38 CD14 CD34 CD33 CD10 CD45

CD64 CD5 CD34 CD2 CD10 CD45

CD15 CD117 CD34 CD7 CD10 CD45

CD16 CD13 CD34 CD11b CD4 CD45

CD36 CD123 CD34 CD56 CD19 CD45

CD71 HLA-DR CD34 CD235a CD10 CD45
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Groups of patients and
statistical analysis

Pa tients were grouped to MDS pos i -
tive and neg a tive cases ac cord ing to
spe cific histologic and cytogenetic
find ings. Erythroid hy per pla sia with
ringed sideroblasts, internuclear
bridging, nu clear bud ding, karyo r -
rhexis, and ev i dence of Howell-Jolly
bod ies were con sid ered to be
morphologic fea tures of dyserythro -
poiesis. Micromegakaryocytes, large
mononuclear megakaryocytes, mega -
karyocytes with mul ti ple dis persed
nu clei, hypogranular megakaryocytes
and na ked nu clei were re garded ab -
nor mal. Hyposegmentation, hypo or
hypergranulation of neu tro phils or ab -
nor mal lo cal iza tion of im ma ture
granulocytic pre cur sors in cen tral
mar row spaces was as so ci ated with
dysgranulopoiesis [10]. Chro mo somal
ab nor mal i ties -7/del(7q), -5/del(5q),
del(13q), del(11q), del(12p) or t(12p),
del(9q), idic(X)(q13), t(17p) (un bal -
anced translocations) or i(17q) (ie, loss
of 17p),  t(11;16)(q23;p13.3),
t(3;21)(q26.2;q22.1), t(1;3)(p36.3;q21),
t(2;11)(p21;q23), inv(3)(q21q26.2),
t(6;9)(p23;q34) were con sid ered as ev i -
dence of MDS in cytopenic patiens
even with out spe cific morphologic
find ings [11]. Even tu ally 32 pa tients
were clas si fied as MDS pa tients and
23 as non-MDS pa tients. In MDS
group 18 pa tients did not have any
cytogenetic ab nor mal ity, three pa -
tients had monosomy 5, one had del
7q, one monosomy 7 and del 3q, one
trisomy 8, two had del 1p, one del 4q,
one del 20q, two – a com plex karyotype 
and for two pa tients cytogenetic eval u -
a tion was not per formed. In MDS neg -
a tive group one pa tient had t(9;22)
and one had a com plex karyotype.

He mo glo bin value, leu ko cyte count 
and platelet count in pe riph eral blood,
amount of blasts in bone mar row and
flow cytometric fea tures of dysplasia

were com pared in MDS pos i tive and
MDS neg a tive groups. Flow cytomet -
ric MDS score, was es tab lished in each 
group and the sen si tiv ity and spec i fic -
ity of Flow cytometric MDS score was
calculated.

Sta tis ti cal anal y sis was car ried out 
on SPSS 10.0 soft ware. For de ter mi -
na tion of he mo glo bin, leu ko cyte and
platelet count as well as blast count
dif fer ences in MDS and non-MDS
groups Stu dent’s t-test was used and
Spearman cor re la tion co ef fi cient was
ap plied to study sim i lar i ties. To de ter -
mine flow cytometric fea tures that dis -
crim i nate MDS and non-MDS cases
best, lo gis tic re gres sion anal y sis was
per formed. For dif fer ences in ROC
(Re ceiver Op er at ing Char ac ter is tics)
curve was used to de ter mine the sen si -
tiv ity and specificity of Flow
cytometric MDS score.

RESULTS

Mean he mo glo bin con cen tra tion in pe -
riph eral blood dif fered sig nif i cantly
be tween MDS and non-MDS groups:
in MDS group it was 94.8±17.6 g/L and 
in non-MDS group it  was
107.83±17.33 g/L (p=0.04), while there 
was no sta tis ti cal dif fer ence  between
groups in white blood cell counts
((3.92±2.72)×109 /L and
(4.69±2.42)×109 /L re spec tively
(p>0.1)) and platelet counts
((104.00±69.31)×109 /L and
(171.26±86.51)×109/L (p>0.1)). Most
com mon warn ings (“flags”) by he ma -
tol ogy an a lyzer in both groups were
“im ma ture granu lo cytes” (50% in
MDS and 43.48% in non-MDS group),
“poikilocytosis” (37.5% in MDS and
21.73% in non-MDS group) and “gi ant
plate lets” (28.13% and 34.78% re spec -
tively).

Sig nif i cantly larger amount of
blasts was found in bone mar row of
MDS pa tients (10.27±8.48%) com par -
ing to the non-MDS group

(2.11±1.92%) (p<0.01). Pro por tion of
B-cell pre cur sors was 0.5±0.91% and
3.5±2.12% re spec tively. De crease in
pro por tion of early (CD34+) B-cell pre -
cur sors served as a good sep a ra tion
cri te rion be tween MDS and non-MDS
groups (p=0.03) (Fig. 1). Most com mon
phenotypic ab er ra tions in blast pop u -
la tion of MDS pa tients were: hypo-ex -
pres sion of myeloid mark ers CD13
and CD33 (19.0% of each marker) and
cross l in eage ex pres sion of
CD7 (28.1%) and CD56 (15.6%). In
non- MDS group these find ings were
de tected in 4.3%, 17.4%, 8.7% and
0.0% of pa tients re spec tively. How -
ever, no sin gle flow cytometric pa ram -
e ter in blast pop u la tion dif fer en ti ated
MDS pos i tive and MDS neg a tive
groups with sta tis ti cal sig nif i cance.

In the granulocyte pop u la tion re -
duced SSC value,  ab nor mal
CD64/CD10 and CD11b/CD13/CD16
ex pres sion pat terns were the most fre -
quent al ter ations (31.3%, 25.0% and
81.25%) in MDS pa tients (Fig. 2). In
non-MDS group these val ues were
lower: 17.4%, 4.35% and 26.09%. All
these three pa ram e ters were use ful to
pre dict MDS (re spec tively, p=0.10,
p=0.05 and p<0.01).
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Fig. 1. De creased amount of B-cell pre -
cur sors (haematogones) in bone mar -
row of MDS pa tient

Fig. 2. Dysmorphic pat tern of granulocyte CD11b/CD13/CD16 ex pres sion in MDS



El e vated amount of monocytes
(above 5%) was found in 40.63% of
MDS and 39.13% of non-MDS bone
mar row sam ples. The most com mon
phenotypic ab er ra tion in MDS pa -
tients was co-ex pres sion of
CD56 (21.88%). In non-MDS cases
CD56 was not ex pressed in a sin gle
case. How ever, this find ing did not
pre dict MDS with sta tis ti  cal
significance.

In creased amount of erythro karyo -
cytes (above 25%) was de tected in
21.88% of  MDS and 13.04% of
non-MDS pa tients.  Changes in
CD71/CD235a ex pres sion pat tern
showed the abil ity to pre dict MDS
(p=0.05).

Flow cytometric MDS score of four
(four phenotypic ab er ra tions or
changes in mat u ra tion pat terns) was
cho sen as best for dis crim i na tion be -
tween MDS and non-MDS groups. In
this set ting spec i fic ity of flow cytomet -
ric test for di ag nos tics of MDS was
73.3% and sen si tiv ity was 80.0%. In
MDS group me dian Flow cytomet ric
MDS score was 6.47±1.94 while in
non-MDS group it was 2.77±2.29.

DISCUSSION

Flow cytometry has been proven to be
a re li able method in char ac ter iz ing
hematopoietic cells for di ag nos tics of
acute leu ke mia and chronic lympho -
cytic pro lif er a tions. It has also been
eval u ated as a po ten tial di ag nos tic
tool for MDS [12].

Sev eral flow cytometric scor ing
sys tems have been pro posed to as sist
in di ag nos tics of MDS. Wells et al. cre -
ated a mul ti plex scheme which eval u -
ated 12 pa ram e ters of CD34+ pro gen i -
tors and ma tur ing myeloid cells and
at trib uted dif fer ent num ber of points
de pend ing on ab nor mal i ties found.
Au thors re ported 55% of sen si tiv ity
and 100% of spec i fic ity in di ag nos ing
MDS at flow score of 3 [13]. Ogata et
al. de signed more sim pli fied score to
di ag nose low-grade MDS and eval u -
ated its di ag nos tic util ity in Jap a nese
and Ital ian pa tients with low-risk
myelodysplastic syn dromes. The prin -
ci pal pa ram e ters were per cent age of
blasts, per cent age of B-cell pro gen i -
tors, myeloblast CD45 ex pres sion, and 
side scat ter value of granu lo cytes.
This pro to col dis crim i nated be tween
low- grade MDS and non-clonal cyto -
penias with good an a lytic char ac ter is -
tics: sen si tiv ity was 65% and 89% in
Jap a nese and Ital ian pop u la tions, and 
specificities were 98% and 90% re spec -
tively [14]. Our MDS as sess ment
scheme dem on strated better sen si tiv -

ity (73.3%) at Flow cytometry MDS
score of four than the Wells et al.
study, but specificity was lower (80%)
than in mentioned score systems.

The fact that we and other re -
search ers did not reach very good sen -
si tiv ity and spec i fic ity while test ing
mul ti ple pa ram e ters raises a dis cus -
sion, whether only the most spe cific
ab er ra tions should be se lected. How -
ever, as a heterogenous group of dis -
eases, MDS do not have a spe cific
marker ab nor mal ity or spe cific ab nor -
mal marker pro file that dis crim i nates
MDS from other pa thol o gies [15, 16].
Eu ro pean LeukemiaNet guide lines
pro pose to test a broad spec trum of pa -
ram e ters,  in clud ing im ma ture
myeloid and monocytic pro gen i tors,
ma tur ing neu tro phils, monocytes, pro -
gen i tor B cells and erythroid com part -
ment [17]. MDS man age ment schemes 
in clude flow cytometric eval u a tion as
a rec om mended, but not a man da tory
as say, pro vided that it is performed
according to European LeukemiaNet
guidelines [18].

In our study the pro por tion of
blasts in MDS pa tients sig nif i cantly
dif fered from non-MDS cases. Re -
duced amount of B-pre cur sors was one 
of the pa ram e ters use ful for dis crim i -
nat ing MDS. These fea tures are
widely de scribed in other stud ies as
well. Malcovati et al. found that
amount of CD45low/SSClow blasts in
MDS pa tients ranged be tween
0.19 and 20% while in con trols it was
2% [19]. Matarraz states that in high
pro por tion of pa tients even with low-
 grade MDS (60%) B-cell pre cur sors
dis ap pear at all [20].  Maftoun,
Banank hah also re fers to this trait in
his work re port ing mean haematogone 
value of 0% vs. 0.38% in control group
[21].

Not only in crease in num ber, but
also de vi a tions from nor mal phe no -
type are rec og nized as an at trib ute of
MDS. Al ter ations of CD45, HLA-DR,
CD13, CD33 marker ex pres sion are
de scribed most of ten, as well as asyn -
chron ous ex pres sion of ma ture an ti -
gens (CD11b, CD15) and cross lin eage
ex pres sion of lym phoid mark ers (CD5, 
CD7, CD19, CD56) [18, 23–25]. We did 
find the re duced ex pres sion of myeloid
mark ers CD13 and CD33 and cross
lin eage ex pres sion of CD7 and CD56
in a sub stan tial pro por tion of cases
(19% for each myeloid marker; 28%
and 16% for lym phoid mark ers re spec -
tively), but asyn chron ous ex pres sion
of ma ture mark ers was not sig nif i -
cant. The re ported CD7 ex pres sion in
MDS is slight and var ies from 3.5% to
9% of cases [22–24]. It is known that
CD7 can be ex pressed in a small sub -

set of ear li est myeloid pre cur sors es pe -
cially in re cov er ing bone mar row [25].
Re gard ing CD56 ex pres sion, Mann et
al. found that this marker was ex -
pressed in 20% of pa tients with in -
creased myeloblast count not only in
MDS, but also in chronic and acute
myeloid leu ke mia [26]. Ogata MDS
study did not show that eval u a tion of
CD11b, CD15 and CD56 im proves di -
ag nos tic power of MDS scheme [14,
27]. These stud ies would sug gest, that
there is a lit tle or no need to in clude
CD5, CD11b, CD15, CD56 or CD7
marker eval u a tion in the di ag nos tics
of MDS [28] and that would cor re late
with the re sults of our study. On the
other hand, Kussick car ried out a
large study of more than 800 sam ples
and found that in more than 50% MDS 
cases ab nor mal an ti gen ex pres sion of
HLA-DR, CD13, CD33, CD38, and
CD117 was de tected [29]. These find -
ings in di cate that lym phoid or ma ture
an ti gen ex pres sion should not be
overestimated and alterations of usual 
markers of myeloid blasts should be
taken into account.

Anal y sis of ma tur ing neu tro phils
is an other im por tant sec tion of MDS
ex am i na tion. It re veals the abil ity of
pro gen i tors to dif fer en ti ate to the fi nal 
func tional state. Re duced granulocyte
SSC value is a marker most of ten as -
signed to MDS. For the eval u a tion of
this char ac ter is tic Ogata and col -
leagues sug gest us ing the ra tio of
granu lo cytes and lym pho cytes SSC
chan nel peak val ues [14]. In our study
we did not mea sure the ra tio, but as -
sumed that SSC was al tered when the
lower bound of pop u la tion was over -
lap ping lym pho cytes. De creased SSC
pa ram e ter was found to be useful in
separating MDS from non-MDS
(p=0.1).

An other widely pre sented fea ture
of MDS is de creased CD10 ex pres sion
on neutrophil pop u la tion [9, 15, 28]. In 
dif fer ent stud ies al tered CD10 ex pres -
sion ranges from 11% to 74% [30–32].
In our study not only did we mon i tor
CD10 ex pres sion, but also eval u ated
the syn chro ni za tion be tween
CD64/CD10 and CD15/CD10 ex pres -
sion. Changes in CD64/CD10 pat tern
were found to be spe cific for MDS.
Chung et al. notes that an other
marker com bi na tion CD15/CD10 is
more use ful for MDS di ag nos tics [33],
but in our study it was only as help ful
as CD10 de crease alone and did not
dis crim i nate MDS patients form
non-MDS patients (p>0.1).

The anal y sis of CD13 ver sus CD16, 
CD13 ver sus CD11b and CD11b ver -
sus CD16 ex pres sion al lows as sess ing
the reg u lar ity of neutrophil mat u ra -
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tion and de tec tion of maturational
block ades [1, 33]. In nor mal bone mar -
row these pat terns look like “check
mark”, “sickle” or “in verted seven”. In
our study at least one of these pat terns 
was dysmorphic in 81.25% of MDS pa -
tients (p<0.01). It co mes in line with
the find ings of Stetler-Stevenson (70% 
CD11b/CD16 and 78% for
CD13/CD16), but is higher than fre -
quen cies re ported in other stud ies
[30–32]. How ever, in ter pre ta tion of
the loss of CD16 may be com pli cated,
since a lack of CD16 is also ob served in 
patho log i cal non-MDS con di tions,
such as par ox ys mal nocturnal hemo -
globinuria [15, 28].

Ac cord ing to Eu ro pean Leuke -
miaNet guide lines in monocytic com -
part ment, the pro por tion of mono -
cytes, ab nor mal dis tri bu tion of their
maturational stages, al tered ex pres -
sion of monocytic mark ers, and ab er -
rant ex pres sion of CD2 and CD56 have 
to be eval u ated [18]. In our study we
found ab nor mal ex pres sion of CD56 in
28% of MDS cases, which is slightly
more than, e.g. in Wells study (17%)

[13]. How ever it is re ported that ex -
pres sion of CD56 can be of ten seen in
ac ti vated monocytes, chronic myelo -
mono cytic leu ke mia or in re cov er ing
bone mar row af ter che mo ther apy or
trans plan ta tion [15]. Xu study states
that CD56 to gether with downregula -
tion of HLA-DR is seen in re ac tive
monocytosis, while CD56 ex pres sion
to gether with downregulation of
myeloid mark ers is spe cific for CMML
[33]. In our hands CD56 ex pres sion
did not predict MDS with statistical
significance.

First MDS stud ies did not in clude
eval u a tion of erythropoiesis in MDS
flow cytometric di ag nos tics. Later ab -
nor mal i ties in CD36, CD71 and
CD235a ex pres sion have been de -
scribed [34–37]. Re duced ex pres sion of 
CD71 is men tioned among the most
spe cific MDS re lated fea tures [34–36].
Mathis et al .  in tro duced the
RED-score which is the eval u a tion of
CD36, CD71 and he mo glo bin value
[38]. RED-score ³3 cor rectly clas si fied
MDS in 80% of cases which is a prom -
is ing find ing. We did not mea sure the

score, but he mo glo bin val ues dif fered
sig nif i cantly be tween MDS and non-
 MDS pa tients (p=0.01). Also com bi na -
tion of CD71 and 235a was found to be
spe cific, so com bin ing these fea tures to 
one score for eval u a tion of dyserythro -
poiesis seems very rea son able.

CONCLUSIONS

Flow cytometry can be ap plied to dif -
fer en ti ate cytopenias and to iden tify
pa tients with higher risk of MDS as a
part of in te gral di ag no sis. Yet con sis -
tent flow cytometric tech niques still
have to be de vel oped and an ti gen ex -
pres sion pat terns of nor mal and re -
gen er at ing bone mar row es tab lished.
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Ávadas. Mie lo disp la zi niø sin dro mø
(MDS) diag nos ti ka yra pa grás ta krau jo
làs te liø skai èiaus, jø mor fo lo gi niø sa vy -
biø ver ti ni mu krau jy je ir kau lø èiul puo -
se, taip pat ci to ge ne ti niø po ky èiø nu -
sta ty mu. Vis gi dau giau nei pu sei li go -
niø ci to ge ne ti niø po ky èiø ne ap tin ka -
ma, o mor fo lo gi niø sa vy biø ver ti ni mas,
ið sky rus la bai aið kius at ve jus (ra dus si -
de rob las tø, la bai pa di dë jus blas tø skai -
èiui), ga li bû ti sub jek ty vus, to dël rei ka -
lin gi pa pil do mi ob jek ty vûs ty ri mo me to -
dai. Tëk mës ci to met ri ja ga li bû ti tai ko -

ma sie kiant tiks liau nu sta ty ti blas tø
skai èiø, ver tin ti jø fe no ti po adek va tu mà,
taip pat gra nu lo ci tø, mo no ci tø ir bran -
duo lë tø jø erit ro ci tø bren di mo tai syk lin -
gu mà.

Ti ria mie ji ir me to dai. Tir ti Vil niaus
uni ver si te to li go ni nës San ta ros kli ni ko se
gy dy ti 56 su au gæ li go niai, ku riems dël vie -
nos ar dau giau krau jo da ros li ni jø ci to pe ni -
jos átar ta MDS. Kau lø èiul pø më gi niai bu vo 
ana li zuo ja mi „FACS Can to“ tëk mës ci to -
met ru tai kant stan dar ti zuo tà ðe ðiø spal vø
þy me nø de ri ná.

Re zul ta tai. Nu sta të me, kad ke tu ri
nu kry pi mai nuo ápras to fe no ti po ar bren -
di mo mo de lio blas tø, gra nu lo ci tø, mo no -
ci tø ar bran duo lë tø jø erit ro ci tø po pu lia -
ci jo se lei dþia ge riau siai at skir ti MDS ser -
gan èius pa cien tus nuo ne ser gan èiø. Ty ri -
mo spe ci fið ku mas bu vo 73,3 %, jaut ru -
mas – 80,0 %. Spe ci fið kiau si ro dik liai bu -
vo su ma þë jæs B làs te liø pirm ta kø skai -
èius (p = 0,03), su ma þë ju si gra nu lo ci tø
ðo ni në spin du lio sklai da (p = 0,10), pa ki -
tu si gra nu lo ci tø CD10 / CD64 ir CD11b /
CD13 / CD16 raið ka (ati tin ka mai p = 0,03 
ir p < 0,01) ir bran duo lë tø jø erit ro ci tø
CD71 /  CD235a raið kos po ky èiai
(p = 0,05).

Ið va da. Tëk mës ci to met ri ja ga li bû ti
nau do ja ma sie kiant iden ti fi kuo ti di des næ 
mie lo disp la zi nio sin dro mo ri zi kà li go -
niams, ku riems nu sta ty ta ci to pe ni ja.

Reikð mi niai þo dþiai: mie lo disp la zi nis
sin dro mas, tëk mës ci to met ri ja, blas tai.
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