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Myelodysplastic Syndromes

Expression and prognostic significance of
heat-shock proteins in myelodysplastic
syndromes

Using flow cytometry, we investigated the clinical
and hematologic relevance of expression of heat-
shock proteins (HSP) HSP27, HSP60, HSP70, HSP90
and HSP110 in bone marrow of 142 patients with
newly diagnosed myelodysplastic syndromes,
together with that of the membrane differentiation
antigen CD34 and the drug-resistance related pro-
tein, P170 (Pgp).

Haematologica 2006; 91:713-714

(http://www.haematologica.org/journal/2006/05/713.html)

Excessive apoptosis is believed to contribute to the inef-
fective hematopieisis that characterizes myelodysplastic
syndromes (MDS) but mechanisms underlying this phe-
nomenon remain elusive.1 Heat-shock proteins (HSP) are
constitutive or induced intracytoplasmic proteins found in
both cancer and normal cells.2 Abnormal expression of
HSP may be implicated in the regulation of apoptosis.3

Moreover, many tumor cells appear to constitutively
express high HSP levels, which may result in chemo-resist-
ant tumors.4,5 Thus, we sought to determine whether HSP
expression in MDS has any clinical or hematologic rele-
vance. 

We studied HSP expression in bone marrow mononu-
clear cells from 142 patients with newly diagnosed MDS
before treatment, except transfusion. The characteristics
of these patients are listed in Table 1. All samples were
collected after obtaining informed consent.

HSP70 displayed the highest and HSP110 the lowest
level of expression. A single sample was negative (<20%
stained cells) for all HSP, whereas 35.2% of the samples
expressed at least two HSP, 25.3% expressed three HSP,
14.8% expressed four HSP and 9.8% expressed five HSP.

In 42 samples, multicolor staining for CD45, CD34 and
one of the HSP allowed comparison of HSP expression
between the whole CD45+ population and CD34+ cells.
Expression of all HSP was higher in the CD34+ population
(p<0.04). Interestingly, the difference was less marked for
HSP70 than for the other proteins.

We also examined the correlation between HSP expres-
sion and some patients’ characteristics. Expression of all
HSP, except HSP70, strongly correlated with FAB subtype
(p<0.0001) and was higher in more blastic MDS. Logically,
HSP expression correlated significantly with the marrow
blast percentage (p<0.0001) and CD34 (p<0.0001) expres-
sion. It was also positively associated with protein glyco-
protein (Pgp) (p<0.0001), Bcl-2 and Bcl-xL expression
(p<0.01). Expression of all HSP, except HSP70, negatively
correlated with that of the pro-apoptotic proteins Bad and
Bak (p<0.01). Mcl-1 was positively and Bcl-xS negatively
associated only with HSP60, HSP90 and HSP110 (p<0.01).
There was no correlation for Bax. Results regarding
expression of Bcl-2 family proteins have been published
separately.6 Significant correlations were observed
between expression of all HSP, except HSP70 (p<0.05). No
correlation between HSP expression and any specific chro-
mosomal abnormality was observed. When grouped
according to prognostic groups, HSP27 (p=0.005), HSP60
(p=0.002), HSP90 (p=0.001) and HSP110 (p<0.0001)
expression was significantly higher in poor and intermedi-

ate-risk groups than in the good-risk group. When consid-
ering clinical outcome, the median overall survival of the
entire cohort was 514 days. As expected, bone marrow
blast percentage (p=0.0005), karyotype (p=0.012), FAB
subgroup and International Prognostic Scoring System
(IPSS) score (p<0.00001 in each case) were prognostic fac-
tors for overall survival. Low CD34 and Pgp expression
(<20% and <5% respectively) correlated with better over-
all survival (p<0.00001). HSP expression, except HSP70,
increased with higher IPSS score (p<0.05). Overall survival
was significantly better with lower expression of all HSP,
except HSP70. Survival curves are shown in Figure 1. All
these parameters had the same relation with time to
leukemic transformation as with overall survival  (data not
shown).

Finally, we tested a prognostic multivariate model enter-
ing percentage of blasts, cytogenetics, CD34, Pgp and sig-
nificant HSP expression. CD34 expression was a signifi-
cant prognostic variable for both survival and leukemic
transformation (p=0.02 and 0.01 respectively) but not Pgp
expression. However, when added to potential prognostic
factors, blast percentage remained the only prognostic
parameter (p=0.001 for survival and p<0.00001 for trans-

Table 1. Initial characteristics and outcome of 142 patients with
MDS.

Variable No of % of Mean p
patients patients survival value

(days)

Sex
Male 82 57.7 692 0.71
Female 60 42.3 729.6

Age (years)
≤60 45 31.7 886 0.41
>60 97 68.3 624.6

FAB
RA 35 24.6 not reached <10-5

RARS 25 17.6 not reached
RAEB 63 44.4 626.4
CMML 19 13.4 487.2

Hemoglobin (g/L)
<100 102 71.8 688 0.019
≥100 40 28.2 758.4

Absolute neutrophil count  (109/L)
<1.5 8 5.67 555.1 0.3
≥1.5 134 94.47 717.2

Platelets (109/L)
<100 65 45.8 617.5 0.03
≥100 77 54.2 785.4

% bone marrow blasts
<5 67 47.2 not reached
5-10 48 33.8 611.3 5x10-4

11-20 27 19 571
Cytogenetics+

not evaluable 17 12
good 70 49.3 809.4 0.012
intermediate 27 19 701.7
poor 28 19.7 583

IPSS score‡

low 33 27.7 966 <10-5

Intermediate-1 41 34.4 764.8
Intermediate-2 30 25.3 503
high 15 12.6 621.9

RA: refractory anemia; RARS: refractory anemia with ringed sideroblasts;
RAEB: refractory anemia with excess blasts; CMML: chronic myelomonocytic
leukemia; + Cytogenetic subgroups: good, normal, 5q-, 20q-, -Y; poor,
chromosome 7 abnormalities, complexe (≥3 abnormalities);
intermediate, +8, other abnormalities. ‡IPSS score was calculated for 119
patients, excluding six patients with proliferative-type chronic myelomonocytic
leukemia (ie WBC >12×109/L) and 17 cases without cytogenetic study.
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formation). Expression of each HSP alone did not have any
independent prognostic significance because of their cor-
relation with blast percentage and FAB subtype. However,
positive expression of at least two HSP, excluding HSP70,
was significant for overall survival and leukemic transfor-
mation. The more significant combinations were HSP60 +
HSP90 (p<0.001) and HSP27 + HSP60 (p=0.0013).

We observed over-expression of HSP27, HSP60, HSP70,
HSP90 and HSP110 in patients with poor prognosis MDS.
Moreover, all HSP were more expressed in CD34+ cells.
Indeed, expression of all HSP, except HSP70, correlated
with FAB subtype, IPSS score, Bcl-2 related proteins,
CD34 and Pgp expression and all these features correlated
with bone marrow blast percentage. Parker et al. have pre-
viously reported expression of Bcl-2 related proteins on
CD34+ blasts.7 This would indicate that HSP over-expres-
sion in refractory anemia with excess blasts (RAEB) is due
to the increased blast percentage. 

In conclusion, this work shows that types of MDS with
a good prognosis (refractory anemia/refractory anemia
with ringed sideroblasts) have lower HSP expression while
RAEB has higher HSP expression, associated with the
increased blast percentage. As HSP have a role in apopto-
sis,3,8 studying their expression in blasts could provide
information for understanding disease progression.
Moreover, HSP may also be implicated in chemo-resist-
ance as blocking HSP90 activity restores drug sensitivity.9

Thus, it could be of interest to study whether HSP antag-
onists can prevent or at least delay blastic evolution of
MDS.
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Figure 1. Overall survival of 142 MDS
patients according to HSP expression
(Kaplan-Meier curves).
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