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bstract

We studied the immune compartment in patients with myelodysplastic syndromes. We show increased surface expression of activation
arkers (HLA-DR+, CD57+, CD28−, CD62L−) on T lymphocytes in blood and bone marrow (n = 131). T cell activation was not restricted to

ny relevant clinical subgroup (FAB, IPSS, cytogenetics) and did not correlate with blood counts or need for treatment. In vitro clonogenic

rowth of marrow mononuclear cells (n = 18) was not influenced by T cells expressing these markers. In addition, using X-chromosome
nactivation analysis (n = 12) we demonstrate clonal involvement of NK and B cells in half of these patients. We conclude that although
ctivated T lymphocytes can be found in MDS, their role in disease pathogenesis remains unclear in the majority of patients.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Myelodysplastic syndromes (MDS) comprise a heteroge-
eous group of clonal hematopoietic disorders characterized
y uni-/bi- or trilineage cytopenia(s), marrow dysplasia and
n increased risk of evolution to acute leukemia. The patho-
enesis of marrow failure in MDS is complex and is thought
o be related to a delicate interplay between intrinsic defects
f the hematopoietic progenitor cells, the bone marrow (BM)
icroenvironment in which these progenitor cells reside, and

xtrinsic immune mechanisms [1]. Indeed, there is increasing
vidence that immune mechanisms contribute to the process

f BM failure. Autoimmune disorders frequently occur in
DS patients [2] and there is an association of MDS with

losely related marrow failure disorders like aplastic anemia
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3] and T cell large granular lymphocytic disease [4] where
n immune-mediated pathogenesis has been suggested. Fur-
hermore, clonal and oligo-clonal T cell expansions can
e found in about half of the patients with MDS [5–10]
uggesting an antigen-targeted response. In addition, these

cells have been shown to have an activated phenotype
10,11].

Antagonizing this immune response can improve cytope-
ias as is supported by numerous reports that up to 30% of
ow-risk MDS patients respond to immunosuppressive agents
uch as cyclosporine A (CsA) [3] and/or anti-thymocyte glob-
lin (ATG) [12–15]. Good biological predictors to identify
he subpopulation of patients that will respond to this kind of
herapy currently lack. But, some factors such as age below
0y, HLA-DR15, low platelet counts and time to transfu-
ion have been identified and included in predictive models

15–17].

As most reports on the immune profile of the T cell
ompartment comprehend rather small patient groups, we
et up this study to determine the status of the lymphocyte

mailto:stef.meers@med.kuleuven.be
dx.doi.org/10.1016/j.leukres.2007.10.004


Resear

c
f
h
B
m
o
I
t
r
t
d
u
c
c

2

2

(
w
p
S
p
w
v
d
l
c
r
t
I
b
w
5

m
f
(
t
p
t
a
h
t
C
L

2

X
l
C

c
a
m

2

c
A
phate buffered saline (PBS, Bio-Whittaker Europe, Cambrex,
Belgium), cells were immunostained with the following
fluorescein isothiocyanate (FITC), phycoerythrin (PE) and
peridinin chlorophyll (PerCP) conjugated monoclonal anti-

Table 1
Clinical characteristics of patients

PB (n = 101) BM (n = 30)

Age (years) mean (range) 70 (29–94) 71 (45–90)
Gender (male/female) 66/35 17/13

FAB
RA 57 17
RARS 33 8
RAEB 11 5

WHO
RA 1
RCMD 50 15
RARS 1
RCMD-RS 32 8
5q-syndrome 5 1
RAEB-1 7 1
RAEB-2 4 4
MDS-u 1 1

Cytogenetics
Normal 45 11

Abnormal 42 16
Gooda 12 5
Intermediatea 19 6
Poora 11 5

N.A.b 14 3

IPSS
Low 39 8
Int-1 39 12
Int-2 7 7
High 2

MDS treatment
None 70 24
rhEPO/rhG-CSF/both 7/1/1
Iron chelation 9
Transfusions 20 6

MDS, myelodysplastic syndromes; FAB, French–American–British; RA,
refractory anemia; RARS, refractory anemia with ringed sideroblasts;
RAEB: refractory anemia with excess blasts; WHO: World Health Organiza-
tion; RCMD, refractory cytopenia with multilineage dysplasia; RCMD-RS,
refractory cytopenia with multilineage dysplasia and ringed sideroblasts;
S. Meers et al. / Leukemia

ompartment in a large group of 131 patients with MDS
ollowed in our university hospital. For this purpose, we
ave quantified the number of CD4+ and CD8+ T cells,

cells and NK cells in blood and BM. We also deter-
ined the clonal nature of these various subpopulations

f immune cells with X-chromosome inactivation studies.
n addition, we determined activation status of T cells in
hese patients with flow cytometry. These results were cor-
elated with clinical and disease characteristics in order
o identify a relevant clinical subgroup with increased or
ecreased prevalence of T cell activation. Finally, we eval-
ated if expression of these surface markers on T cells,
orrelated with in vitro clonogenic growth of progenitor
ells.

. Methods and materials

.1. Patients and controls

We have analyzed peripheral blood (PB) (n = 101) and BM
n = 30) from patients with morphologically proven MDS that
ere treated in our institution. The mean time between sam-
ling and time of diagnosis was 54 months (range 1–302).
amples were obtained at routine patient visits to the out-
atient clinic. Sampling and handling were in accordance
ith the guidelines of the local ethical committee of the Uni-
ersity Hospital of Leuven, which comply with the Helsinki
eclaration. In parallel, PB from 92 healthy controls was ana-
yzed following the same protocol. The PB control group
onsisted of 60 predominantly young subjects (mean age 26,
ange 19–45). In addition, we recruited aged healthy volun-
eers from different social-cultural organizations in Leuven.
n total 32 healthy men and women volunteered to donate
lood to serve as control. The age of the control group
as similar to that of the patients (mean age 67, range
0–82).

Patient characteristics are summarized in Table 1. The
ajority of patients was treatment naı̈ve (n = 70) except

or the use of supportive measures, including transfusions
n = 20), recombinant growth factors (n = 9), iron chelation
herapy (n = 9) or a combination of these therapies. No
atient received chemotherapy or cytoreductive therapy prior
o analysis. Patients under immunosuppressive drugs were
lso excluded from this analysis, as were patients with a
istory of recent (within the last month) or current infec-
ion. Data on cytogenetic analysis were provided by the
entre for Human Genetics of the University Hospital of
euven.

.2. Blood counts, C-reactive protein
Hematological values were determined with a Sysmex
E-2100 automated Hematology Analyzer. Serum was col-

ected at the time of sampling for the determination of serum
-reactive protein (CRP) concentrations. Serum CRP con-
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entration was measured on a Hitachi Modular Analytics D
utomated analyzer with a particle-enhanced immunoturbidi-
etric method (CRPLX, Roche Diagnostics).

.3. Flow cytometric analysis

PB and BM samples were collected in sodium EDTA
oated tubes. All samples were processed immediately.
fter lysis with 10:1 NH4Cl buffer and washing with phos-
DS-u, MDS-unclassified; IPSS, International Prognostic Scoring System.
a Good: -Y, del(5q) only, del(20 q) only; poor: complex (≥3 abnormal-

ties) or chromosome 7 anomalies; intermediate: +8, single miscellaneous
bnormality or double abnormalities.
b Not available.
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odies (MoAbs): anti-CD3, anti-CD4, anti-CD8, anti-CD19,
nti-CD16/56, anti-HLA-DR, anti-CD62L, anti-CD57, anti-
D28 (all from Becton Dickinson, Erembodegem, Belgium).
ppropriate isotype-matched control antibodies against irrel-

vant antigens (Becton Dickinson, Erembodegem, Belgium)
ere used as negative controls. Cells were incubated with
0 �l of the monoclonal antibody for 30 min at 4 ◦C in
he dark, subsequently washed once with PBS and resus-
ended in 400 �l CellFIX (Becton Dickinson). Samples
ere analyzed on FACScan and FACSCanto Flow Cytome-

er (Becton Dickinson). Analysis of the data was performed
ith CELLquest and BD FACSDiva software (Becton
ickinson). Lymphocyte subsets were identified with the fol-

owing MoAb panels: B cells (CD3−/CD19+), CD4+ T cells
CD3+/CD4+), CD8+ T cells (CD3+/CD8+), and NK cells
CD3−/CD16+56+).

.4. Clonality studies: HUMARA PCR

Clonality of purified cell fractions was assessed by PCR
mplification of polymorphic short tandem repeats of the
uman androgen receptor (HUMARA) gene. Cell frac-
ions (CD3+/CD4+, CD3+/CD8+, CD3−/CD19+, CD14+,
D3−/CD16+CD56+/CD14−) of 12 female patients were

orted on a FACSVantage flow cytometer supplemented with
ysis II software (Becton Dickinson) and equipped with a
ell Concentrator (Becton Dickinson). Sorted cells were pro-
essed immediately. A mean of 30,000 sorted cells was used
or each assay.

DNA extraction, restriction enzyme digestion and
UMARA PCR were performed as previously described

18]. Briefly, DNA was resuspended in 30 �l of H2O.
fter overnight incubation at 37 ◦C with 20 U of HpaII

nd 20 U of CfoI (HhaI) (MBI Fermentas, Germany) for
he digestion of unmethylated (or active) alleles, resid-
al non-digested DNA was amplified by PCR. For PCR
mplification, 2.5 �l DNA template was added to 1.54 mM
gCl2, 200 �M dNTP’s, 12 pM of FAM labelled primer

′-CCG-AGG-AGC-TTT-CCA-GAA-TC-3′, and primer 5′-
AC-GAT-GGG-CTT-GGG-GAG-AA-3′, 2.5 U Amplitaq
old and Gene Amp buffer (Perkin-Elmer, The Netherlands)

o a final reaction volume of 25 �l. Amplification of DNA was
erformed for 34 cycles (30 s at 95 ◦C, 30 s at 60 ◦C, 30 s at
2 ◦C) with an initial denaturation step of 10 min at 95 ◦C and
final elongation step of 5 min at 72 ◦C. PCR products were
ixed with formamide and GENESCAN 400 HC-Rox size

tandard (Perkin-Elmer), denatured and run automatically
or 30 min at 15 kV on an ABI PRISM 310 Genetic Ana-
yzer (Perkin-Elmer) containing a Performance Optimized
olymer–4 capillar. GeneScan software (Perkin-Elmer) was
sed for analysis of the peak area and height of individual alle-
es. A corrected allelic ratio (CrR) was calculated by dividing

he ratio of the predigested sample (upper/lower allele) by the
atio of the non-predigested sample. A cell fraction was con-
idered to be clonal if the lyonization of one allele exceeded
5%. This corresponded to CrR values of <0.33 and >3.
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.5. Colony forming assay

BM mononuclear cells (BMMNCs) were isolated
ver a Ficoll-Hypaque (Lymphoprep, Nycomed Pharma,
slo, Norway) step gradient and washed twice in PBS.
ith trypan blue exclusion method 5 × 105 BMM-
Cs were enumerated and plated in MethoCult H4434
edia containing 30% FBS, 50 ng ml−1 stem cell fac-

or, 10 ng ml−1 granulocyte–macrophage colony stimulating
actor, 10 ng ml−1 interleukin-3, and 3 U ml−1 erythropoi-
tin (StemCell Technologies, Vancouver, BC, Canada) in
uplicate in 6 well-plates (Falcon Multiwell, Becton Dick-
nson). Following 14 days of incubation, plates were scored
sing an inverted microscope. On the basis of cell number
nd colony morphology, we defined granulocyte–monocyte
olony forming units (CFU-GM), and erythroid colony form-
ng units, either single or clustered, as burst-forming units of
rythroblasts (BFU-E).

.6. Statistics

All statistics was performed using Prism 3.0 software.
ann–Whitney U-tests were used to compare means of

wo populations. Spearman’s tests were used to analyze
ovariance between two continuous variables. In order to
ompare differences in prevalence of categorical variables
gender, treated vs. untreated, FAB, WHO, IPSS, cytogenetic
bnormalities) we needed to categorize patients and com-
are relative frequencies of these variables between these
efined groups. Since age below 60y has been shown to
redict response to immune suppressive therapy, we cat-
gorized into a group ≤60y and a group >60y. Patients
ere also grouped according to having a “high” or “low”
revalence of activated lymphocytes. Since there are no pub-
ished cut-off values, the median value of expression of a
pecific marker was used as cut-off. We also categorized
atients using the 95th percentile in the control distribution
s cut-off value. Relative frequencies of categorical vari-
bles were compared using χ2-tests or Fisher exact-tests for
ow frequencies (below 5). Means between two groups were
ompared using Mann–Whitney U-tests. p-Values represent
ouble-sided tests and values below 0.05 were considered
ignificant.

. Results

.1. Lymphocyte populations in PB

With flow cytometry, we determined the number of circu-
ating CD4+ T cells, CD8+ T cells, B cells and NK cells in 101
atients with MDS. As is shown in Table 2, we demonstrated

hat patients have lower numbers of B cells and NK cells in
B compared to the 32 aged control group, whereas CD4+

cell and CD8+ T cell counts were comparable. Within the
ontrol group, we showed that young individuals had signifi-
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Table 2
Absolute numbers of immune cell populations in MDS patients

n Mean ± S.E.M. (�L−1)

CD4+ T CD8+ T NK B

Donor
Age controls 32 680 ± 84 260 ± 29 348 ± 32 128 ± 12

MDS
All patients 101 551 ± 38 334 ± 38 247 ± 234 103 ± 197

MDS Subgroups
FAB

RA 57 557 ± 50 347 ± 64 241 ± 26 109 ± 17
RARS 33 569 ± 67 330 ± 33 266 ± 45 54 ± 88

RAEB 11 474 ± 116 282 ± 55 227 ± 86 78 ± 38

IPSS
Low 39 539 ± 52 329 ± 38 278 ± 44 89 ± 17
Int-1 39 526 ± 63 296 ± 36 266 ± 37 94 ± 17
Int-2 7 400 ± 139 159 ± 27 177 ± 435 53 ± 27

Gender
Male 66 528 ± 46 356 ± 54 256 ± 27 84 ± 12
Female 35 602 ± 63 310 ± 38 244 ± 44 92 ± 20

Cytogenetics
Normal 45 567 ± 49 365 ± 38 313 ± 40 88 ± 15
Gooda 12 557 ± 149 214 ± 402 180 ± 36 109 ± 32
Intermediatea 19 486 ± 82 263 ± 42 239 ± 51 87 ± 27
Poora 11 299 ± 551 217 ± 493 130 ± 276 65 ± 25

MDS-treatment
No 70 559 ± 43 342 ± 49 237 ± 26 99 ± 14
Transfusions 20 637 ± 113 265 ± 40 226 ± 49 62 ± 12
Other 11 454 ± 99 390 ± 112 344 ± 98 43 ± 15

Results of PB of 101 patients and 32 age controls. MDS, myelodysplastic syndromes; FAB, French–American–British; RA, refractory anemia; RARS, refractory
anemia with ringed sideroblasts; RAEB: refractory anemia with excess blasts; IPSS, International Prognostic Scoring System; NK: natural killer cell; S.E.M.:
standard error of the mean; p-value represent two-sided Mann–Whitney U-tests, p-values <0.05 were considered significant and are: 1poor vs. normal, p = 0.02;
2good vs. normal, p = 0.04; 3poor vs. normal, p = 0.02; 4donor vs. MDS, p = 0.0008; 5Int-2 vs. low, p = 0.02; 6poor vs. normal, p = 0.008; 7donor vs. MDS,
p
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= 0.0003; 8RARS vs. RA, p = 0.02.
a Good: -Y, del(5q) only, del(20 q) only; poor: complex (≥3 abnormalities
r double abnormalities.

antly more PB CD4+ T cell and CD8+ T cells than the aged
ontrols. NK and B cell numbers did not differ between age
roups.

.2. Correlation of lymphocyte population numbers with
linical characteristics

We compared the PB numbers of these cell populations
etween different clinical subgroups (results are summarized
n Table 2). We found that patients with RARS have signifi-
antly lower numbers of circulating B cells than patients with
A. We found no differences between subgroups with differ-
nt IPSS score, nor between males and females. Intriguingly,
atients with poor cytogenetic risk score have significantly
ower numbers of CD4+ T cells, CD8+ T cells and NK
ells than patients with normal cytogenetics. We did not

emonstrate correlations between these PB cell popula-
ions and hemoglobin concentrations, neutrophil or platelet
ounts. Although differences in kinetics could account for
he absence of covariance, it is suggestive that cytopenias in

u
a
w
p

omosome 7 anomalies; intermediate: +8, single miscellaneous abnormality

yeloid lineages do not coincide with decreased numbers of
ymphocytes or NK cells.

.3. Clonality of purified PB lymphoid populations

The clonal involvement of different purified populations
as determined with the HUMARA assay. X-chromosome

nactivation analysis is based on the concept that early in
mbryonic development, one of both X-chromosomes in each
emale somatic cell becomes randomly inactivated [19]. In
ormal conditions, the ratio of inactivated X-chromosomes
ollows a binomial distribution. The first exon of the human
ndrogen receptor (HUMARA) gene, located on the long arm
f the X-chromosome contains a polymorphic CAG repeat.
n females heterozygous for the number of CAG repeats,
CR amplification of this region leads to two PCR prod-

cts of different size. Excessive lyonisation or skewing is
hallmark of monoclonal cell population, and is detected
ith HUMARA by unequal distribution of the two PCR
roducts. Fig. 1A represents the results of the HUMARA
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Fig. 1. HUMARA assay on purified PB populations represents HUMARA assay of purified PB populations of patient #12 from Table 4. A(1) Amplification
of undigested DNA reveals two PCR products on capillary gel electrophoresis, indicating the patient is heterozygous for the number of CAG repeats. Numbers
represent the area under the curve of each peak. A(2) Following digestion of unmethylated alleles, PCR amplification reveals that one allele is preferentially
i he prefe
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nactivated. A(3) Calculation of corrected allelic ratio, which accounts for t
B populations after digestion and PCR amplification, indicating clonal pop
D8+ T cells.

ssay on purified CD14+ monocytes of patient #12. PCR
mplification of undigested samples demonstrates that the
atient is heterozygous for the number of CAG repeats in
he first exon of the HUMARA-gene. It can be appreciated
hat following digestion of unmethylated (active) alleles, the

onocyte population is shown to be predominantly of clonal
rigin. For interpretation, we use the corrected allelic ratio
CrR), which compensates for the preferential amplification
f the shorter allele. CrR <0.33 or >3 are considered to rep-
esent clonal populations (i.e. >75%). Fig. 1B represents the

ifferent purified populations from patient #12 that were ana-
yzed.

As is summarized in Table 3, we showed that the myeloid
raction was monoclonal in all cases. T cells were predomi-
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able 3
UMARA assay on purified population from PB of 12 female MDS patients

ase Age FAB Cytogenetics Cr

M

1 60 RARS 46,XX,del(11)(q21) 2
2 64 RARS 46,XX 12
3 74 RARS 46,XX,del(13)(q13q21)
4 59 RA 46,XX,del(5)(q14q33)
5 74 RA 47,XX,del(5)(q13q34),+8 2
6 73 RA 46,XX
7 78 RAEB 46,XX
8 75 RA 46,XX 1
9 62 RA 46,XX,del(5)(q31)
0 73 RARS 46,XX,del(13)(q13q21)
1 74 RAEB 46,XX 9
2 59 RA 47,XX,+8

esults of clonality study on 12 patients using HUMARA assay on purified cell sub
orrected allelic ratio (CrR) value of <0.33 or >3. Clonal populations are underline
rential amplification of the shorter PCR product. (B) Plots of the different
s of monocytes and B cells, but polyclonal populations of NK, CD4+ T and

antly polyclonal in all patients, except for a 78y patient (case
10) who had clonal CD4+ T cell and CD8+ T cell popula-
ions. In addition, one other patient had clonal CD8+ T cells.
n contrast, we showed clonal B and NK cells in half of the
nalyzed patients.

.4. Lymphocyte activation markers in MDS

Upon activation, lymphocytes express the markers HLA-
R and CD57, whereas they lose expression of CD62L and

D28 [20]. We determined the percentage of lymphocytes
xpressing these markers (see Fig. 2). In contrast with the
bsolute numbers of circulating T cells, B cells and NK cells,
he expression of lymphocyte activation markers was inde-

R of purified populations

onocytes CD4+T CD8+T B NK

7.70 0.60 0.82 0.49 0.35
9.15 0.45 0.72 4.64 90.17
0.00 0.36 0.36 0.42 0.00
0.29 0.67 0.68 0.36 0.63
3.62 1.62 1.18 1.92 4.27
0.15 0.65 1.62 0.19 0.10
3.01 2.89 4.48 3.31 2.95
4.05 1.12 1.24 2.36 45.80
0.01 2.36 2.36 0.50 1.24
0.00 0.19 0.19 0.31 0.35
3.87 0.70 0.70 21.59 9.46
0.05 0.81 0.81 0.02 1.26

populations from peripheral blood. Population was regarded as clonal with
d in the table.
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Fig. 2. Flow cytometric analysis of expression of activation markers by PB T cells, (A) represents a 55y female patient with RAEB-2 with abnormal karyotype
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recurrent cytogenetic abnormalities, treatment). We com-
pared patients younger and older than 60y and patients with
“high” and “low” levels of T cell activation (as described in
Section 2). However, there were no disease characteristics

Table 4
Surface expression of activation markers on PB T cells

PERIPHERAL BLOOD

Mean ± S.E.M. (%) p-Value

HLA-DR+

Control 9.9 ± 0.5
MDS 18.7 ± 1.1 <0.0001

CD28−
Control 11.0 ± 0.9
MDS 20.2 ± 1.5 <0.0001

CD57+

Control 6.2 ± 0.6
MDS 18.0 ± 1.6 <0.0001

−

46,XX,5q-,11q-) with low expression of activation markers on circulating ly
ith high expression of activation markers on circulating lymphocytes.

endent of age (data not shown), and therefore all 92 control
amples were used to serve as control. We found that patients
ave significantly more activated lymphocytes in PB (see
able 4). Increased expression of CD57 and HLA-DR and

oss of CD28 and CD62L expression correlated highly sig-
ificantly (p < 0.0001 for all variables inter-individually). In
he BM samples of patients, we found comparable expres-
ion levels of activation markers by T cells as the levels
ound in PB of MDS patients: HLA-DR+ (27.7 ± 2.9%),
D28− (27.7 ± 3.9%), CD57+ (20.1 ± 3.8%) and CD62L−

43.8 ± 5.3%).

.5. Correlation of lymphocyte activation markers with
linical characteristics

The percentage of lymphocytes with an activated phe-
otype did not differ between FAB or WHO subgroups.
urthermore, IPSS risk score, BM blast count or disease dura-

ion had no influence on expression of activation markers
y lymphocytes, nor did the presence of abnormal cyto-
enetics. Surprisingly, we found that only gender had an
nfluence on our results as males had significantly higher per-
entage of HLA-DR+ (20.2 ± 1.4 vs. 15.4 ± 1.7%, p = 0.01)
nd CD28− (22.6 ± 1.0 vs. 16.1 ± 2.3%, p = 0.03) T cells.
lso in the control group, males had higher percentages
f HLA-DR+ and CD28− T cells, but this was not signifi-
ant (data not shown). We did not observe any correlation

etween the presence of activation markers and blood counts
n any defined clinical subgroup. Nor was there a correla-
ion between expression of the above-mentioned markers
nd serum CRP levels. We found that the number of CD8+

C

P
o

tes; (B) represents a 51y male patient with RAEB-1 with complex karyotype

ells significantly correlated with the percentage of CD28−,
D57+ and CD62L− T cells (r = 0.30, p < 0.005; r = 0.33,
< 0.01; r = 0.37, p < 0.005, respectively). The correlation
ith the percentage of HLA-DR+ T cells with CD8+ T cell
umbers was not significant.

Finally, we categorized our patient population into rel-
vant groups in order to compare relative frequencies of
ategorical variables in these groups (e.g. FAB, WHO, IPSS,
D62L
Control 26.4 ± 1.3
MDS 43.3 ± 2.2 <0.0001

B results comprehend 101 patients and 92 controls. S.E.M.: standard error
f the mean; p-values represent two-sided Mann–Whitney U-tests.
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hat were consistently over-represented in a specific group.
he only consistent finding was a significantly higher number
f CD8+ T cells in patients with high prevalence of lympho-
yte activation.

.6. In vitro effects of activated lymphocytes

It has been shown that the suppressive role of CD8+ T cells
s restricted to the clonal cell populations within the CD8+ T
ell pool [8]. In addition, it was shown that these clonal T cells
ave an activated phenotype [10]. It is however not known
f the expression of these activation markers relates to the
uppressive properties of T cells. In order to evaluate this,
e cultured 5 × 105 BM mononuclear cells of 18 patients

n a standard clonogenic assay. Patients were categorized
s RA (n = 11), RARS (n = 4) and RAEB (n = 3) accord-
ng to FAB and as RCMD (n = 9), RA (n = 1), 5q-syndrome
n = 1), RCMD-RS (n = 4), RAEB-1 (n = 2) and RAEB-2
n = 1) according to WHO. After 14 days, hematopoietic
olonies were scored. The median number of CFU-GM was
5 (range 8–260) and the median number of BFU-E was 14
range 0–155). In order to evaluate the influence of activated

lymphocytes on in vitro myelopoiesis, we correlated the
umbers of colonies scored, with the percentage of activated
ymphocytes in the BM sample from which BMMNC were
ultured. We found that the number of colonies formed was
ighly variable amongst MDS patients. We were unable to
emonstrate a correlation between the expression of any of
he activation markers and the numbers of colonies grown in
itro. We were also unable to demonstrate that the number of
D4+ T cells or CD8+ T cells influenced colony growth.

. Discussion

Nowadays it has become generally accepted that the
mmune system plays an important role in the pathogen-
sis and clinical presentation of MDS. Quantitative and
unctional anomalies have been reported since more than
wo decades and reported anomalies can affect both T cell
nd B cell compartment [21–23]. It is still a matter of
ebate if these reported changes in the lymphoid com-
artment in MDS patients are only secondary phenomena
voked by the presence of a clonal progenitor pool, or
f they exert a pathogenic role and contribute to marrow
ailure in MDS. The latter hypothesis seems supported by
eports on inhibition of erythroid and myeloid progenitor
rowth by autologous T cells [5,24] and the hematological
esponse in about one-third of low-risk patients treated with
mmunosuppressive agents like CsA and ATG [3,25–27].

ost evidence to date is suggesting that the myelosuppres-
ive activity of autologous T cells resides in the CD8+ T

ell pool [8,11]. If autologous T cells participate in the
rocess of marrow failure, one could presume that this is
eflected in phenotypic or numeric changes in the T cell
ompartment. This study was designed to determine the phe-
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otype and number of immune cells in a large group of MDS
atients.

In contrast to previous reports demonstrating lymphope-
ia in MDS patients, we show that the numbers of PB CD4+

cells and CD8+ T cells in patients are not significantly
ifferent from healthy controls of the same age-group. Age
as found to have a major influence on CD4+ T cell and
D8+ T cell counts in our control population. Other authors
ave reported reduced numbers of CD4+ T cells and increased
D8+ T cell counts, but differences in control groups (“adult”
onors [21]) and patient groups (30 of 36 patients were of
he more advanced RAEB subgroup [22]) could account for
hese apparent differences. Our finding of low CD8+ T cells
n intermediate-2 risk patients for instance is probably in
ine with Colombat et al.’s [22] observations, as most of the
atients in that particular population would have had a higher
PSS score. The same observation was made by Amin [28],
ho demonstrated that “high” risk MDS patients (RAEB-T,
MML) had lower T cell numbers. Of note, we demonstrated

hat patients with poor cytogenetic risk score had signifi-
antly lower CD4+ and CD8+ T cell counts than patients
ith normal cytogenetics. In agreement with previously pub-

ished results, T cells were found to be polyclonal in the vast
ajority of the 12 patients we analyzed. Only two patients
ere found to have skewed lyonization in the CD4+ T cell

nd CD8+ T cell population. Skewed hematopoiesis has been
hown to spontaneously occur in aging women [29]. Since
he allelic ratio was borderline in all cell fractions of these
wo patients, this phenomenon could have been responsible
or the finding of clonal CD4+ T cell and CD8+ T cell pop-
lations in the two patients. Previous reports demonstrate
lonal [30–34] as well as polyclonal [35–37] T cells in MDS
atients. However, there are several caveats in interpreting
esults from clonality assays regarding lymphocytes. Firstly,
he transformation event in MDS may be incompatible with
urther lymphoid differentiation and if so, the lymphocytes
n patients with MDS may be derived from residual normal
ematopoietic stem cells or long-lived lymphoid progeni-
or cells [38,39]. In addition, polyclonal PB lymphocytes do
ot exclude the presence of a minor monoclonal lymphoid
opulation.

Humoral immunity in aged individuals is severely com-
romised as a result of (1) decreased production of B
ymphocytes because of intrinsic and microenvironmental
efects and (2) a disrupted germinal centre formation due
ltered T cell/B cell interactions [40]. Notwithstanding this
ge-related effect, MDS patients have even lower B cell
ounts (cf. Table 2) which is consistent with previous reports
28,41]. Intriguingly, RARS patients had even lower B cell
umbers than RA patients. Reduced numbers can be related
o impaired production or to increased apoptosis and sup-
ortive data for both have been published. Amin reported a

igher apoptotic rate (Annexin V-positive) in the CD19+ pop-
lation of patients [28]. Sternberg demonstrated that patients
ave reduced numbers of B-cell progenitors and in a gene
xpression array, patients have found to have marked reduced
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xpression of B-affiliated genes [41]. We demonstrate clonal
nvolvement of B cells in half of our patients. Although clonal
nvolvement is an attractive explanation for decreased num-
ers of B cells, we did not see different B cell numbers
etween patients with clonal and polyclonal B cell popu-
ations (data not shown).

NK cells are critical in host defense against malignant
ransformation and are potent antileukemic cytotoxic effec-
ors. Their antileukemic potential has been demonstrated in
ML patients, where NK cell activity positively correlated
ith relapse-free survival in patients in complete remission

42]. In normal individuals, it is regarded that the number
f NK cells significantly increases with age [43] whereas
K cell function, both cytotoxicity and cytokine produc-

ion, is impaired in old individuals. In MDS, numerical and
unctional differences have been described. In contrast with
revious reports [44–46], we demonstrate a decreased NK
ell number in PB of patients and this was more pronounced
n patients with poor cytogenetic risk score. It is however
ot possible from this data to speculate if these low numbers
ontribute to the worse prognosis patients with poor cyto-
enetic risk. Surprisingly, we found that the number of NK
ells decreased with increasing CRP levels, but any causal
elationship remains elusive. We determined clonal involve-
ent of NK cells, and found a high prevalence of clonal NK

ells using the HUMARA assay (6/12). NK cells are usu-
lly found to be polyclonal in most patients [45], but there
ave been reports of clonal involvement [46–48]. Although
he number of patients was relatively low, we did not find that
lonal involvement of NK cells led to lower overall NK cell
umbers (data not shown).

The other aim of this project was to evaluate the clinical
ignificance of activated T cells in patients with MDS. We
ere confirm in this large patient group that T cells have an
ctivated phenotype. To the best of our knowledge, we are
he first to demonstrate that lymphocytes are also activated
n the BM, where they are supposed to exert their action.
t was shown previously that in about half of the patients
ith MDS, clonal T cell expansions can be demonstrated

5,7–10]. It was shown that the myelosuppressive activity of
cells is restricted to these clones [8] and that these clonal T

ells have an activated phenotype [10,11]. Since clonotyping
f T cell receptor repertoire is a time-consuming technique,
etermining the activation phenotype of PB T cells would be
meaningful alternative method to detect patients with a sus-
ected immune-mediated disease. However, our observations
o not fully support this.

In favor of the use of T cell immunophenotyping is the
act that we did not find a correlation between expression of
he above-mentioned markers and serum CRP levels. This
uggests that the presence of activated T cells does not just
erely reflect a systemic inflammatory state. In addition, we
ound that the number of CD8+ T cells increased with increas-
ng expression of T cell activation markers. Although we did
ot determine the expression of these markers on CD4+ T
ells and CD8+ T cells separately, this is in line with pre-
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ious reports that CD8+ T cells have an effector phenotype
10,11].

We were unable to demonstrate that lymphocyte activa-
ion is restricted to a specific FAB or WHO subgroup or
o patients with a specific IPSS score or specific karyotypic
bnormality. We could not show that the presence of acti-
ated lymphocytes altered clinical phenotype of patients, as
lood counts and need for supportive care were comparable
etween patients with high and low percentage of lymphocyte
ctivation. Recently, Epling-Burnette et al. compared clini-
al characteristics of patients with and without clonal T cell
xpansions [10]. They were also unable to demonstrate that
he presence of these clones is restricted to a relevant clinical
ubgroup.

Much of what is known about immune mediated mar-
ow failure in MDS has been established in trisomy 8 MDS.
loand et al. have shown that (oligo)-clonal T cell expan-
ions are present in all trisomy 8 patients [8]. In our series,
e analyzed PB of seven patients with trisomy 8. Notwith-

tanding that all patients with trisomy 8 have been shown to
ave clonal T cell expansions and that these T cell expan-
ions have been shown to have an effector phenotype [10],
e could not demonstrate that this specific patient group
ad a higher prevalence of activated T cells, nor could we
how that trisomy 8 patients consistently fell into the group
ith “high” expression of activation markers. It is not pos-

ible to draw definite conclusions from this, as we did not
nvestigate skewing in the TCR Vbeta repertoire in these
atients. Nevertheless, this observation is suggestive that
mmunophenotyping of all PB T cells is not a good surro-
ate method to identify patients with clonal effector T cell
xpansions.

Also the absence of suppressive activity of activated
cells on in vitro clonogenic growth questions the rele-

ance of expression of these markers. We showed in 18
M samples, that the number of CFU-GM and BFU-E
rown was independent of the relative expression by T
ells of the markers HLA-DR, CD28, CD57 and CD62L
n that BM culture. This suggests that the mere activated
tate of lymphocytes, represented by expression of these
arkers does not reflect an inhibitory activity on in vitro

ematopoiesis.

. Conclusions

In summary, our current observations show that patients
ith MDS have similar numbers of CD4+ T cells and CD8+

cells compared to age controls, but they do have fewer
K and B cell numbers. We have additional evidence that
cells and NK cells are clonally derived in a substantial

art of patients. In addition, we show that T cell activa-

ion, represented by increased expression of HLA-DR and
D57 and decreased expression of CD28 and CD62L, is
ommon in patients with MDS in PB as in BM. But their
resence is not restricted to a specific clinical subgroup
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nd together with the absence of in vitro myelosuppres-
ive activity, our results indicate that immunophenotyping
f PB T cells with these markers is not a good method
o identify patients with a suspected immune-mediated dis-
ase.
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