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Abstract Deregulation of cell cycle and apoptosis pathways
are known contributors to the pathogenesis of myelodysplastic
syndromes (MDS). However, the underlying mechanisms are
not fully clarified. The aim of our study was to examine
mRNA expression levels of cell cycle and apoptosis regula-
tory genes, as well as the percentage of apoptotic and S phase
cells and to correlate the findings with clinical characteristics
and prognosis. Sixty patients with MDS, classified according
to FAB (17 RA, five RARS, 19 RAEB, nine RAEBT, ten
CMML) and WHO (ten RA, three RARS, seven RCMD, two
RCMD-RS, 11 RAEB]I, eight RAEBII, ten CMML, and nine
AML) were included in the study. We found increased
expression of anti-apoptotic bclxL and mcll genes and
decreased expression of p21 gene in MDS patients. Moreover,
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we found increased expression of anti-apoptotic mell gene in
patients with higher than Intermediate-1 IPSS group. Multi-
variate analysis confirmed that combined expression of
apoptotic caspases 8, 3, 6, 5, 2, 7, and Granzyme B was
decreased in MDS patients. Regarding cell cycle regulatory
genes expression, we demonstrated increased expression of
cyclin DI in patients with CMML Increased combined
expression of cyclins B, C, D1, and D2 was found in patients
with cytogenetic abnormalities. The two pathways seem to be
interconnected as shown by the positive correlation between
CDKs 1, 2, 4, p21 and the level of apoptosis and positive
correlation between apoptotic caspase 3 expression and the
percentage of S phase cells. In conclusion, our study showed
altered expression of genes involved in apoptosis and cell
cycle in MDS and increased expression of cyclin DI in
patients with CMML.

Keywords Myelodysplastic syndromes - Cell cycle -
Apoptosis - Cyclin D1 - CMML

Introduction

MDS constitute a heterogeneous group of clonal hematopoi-
etic disorders that exhibit ineffective hematopoiesis with an
increased risk of transformation to acute myeloid leukemia
(AML) [1-3]. Almost one third of the bone marrow cells of
MDS patients are engaged in DNA synthesis [4-8]. The
increased rate of cell birth is canceled by an equally
increased rate of cell death resulting in peripheral cytopenias.
Moreover, many bone marrow cells of patients suffering
from MDS are simultaneously engaged in DNA synthesis
and apoptosis, a phenomenon called “signal antonymy”, so
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far only seen in MDS biopsies. Review data support that in
the early phase of the disease, increased apoptosis is
associated with ineffective progenitor and maturing hemato-
poietic cell survival and associated cytopenias. The progres-
sion of MDS to AML occurs concomitantly with decreased
apoptosis and an increased degree of neoplastic cell survival,
leading to subsequent expansion of the abnormal precursor
cells [1I, 9-11]. Therefore, the study of cell cycle and
apoptotic regulatory machinery in MDS turns to be of great
importance and interest.

The heart of the regulatory apparatus during cell cycle
progression is a family of enzymes, called cyclin-dependent
kinases (CDKs). CDKs are divided into two groups, based on
their roles in cell cycle progression and transcriptional
regulation. The first group is comprised by core components
of the cell cycle machinery and includes CDK1, CDK2,
CDK3, CDK4, and CDK®6. The second group is comprised by
regulators of transcription and includes CDKs 7, 8, and 9 [12,
13]. CDKs need to be associated with specific cyclins, in
order to be activated. Active complexes of cyclins and CDKs
exert their biological effects by phosphorylating various
cytoplasmic proteins. CDK/cyclin complexes are turned off
by cyclin-dependent kinase inhibitors (CKIs). Two families
of CKlIs have been identified; INK family includes four
members: INK4A or pl16, INK4B or pl5, INK4C or pl8,
and INK4D or p19, whereas CIP/KIP family includes CIP1
or p21, KIP1 or p27, and KIP2 or p57.

bel2 family is a large family of proteins, including pro-
apoptotic and anti-apoptotic members, which are involved
in the activation of caspases, a family of cytosolic
proteases, the effector molecules of apoptosis [2, 11]. We
have previously published a study of caspases and bcl2
family mRNA expression and of apoptosis in the bone
marrow of 46 patients with MDS [14].

The aim of the present study was to examine CDKs,
cyclins, and CKIs mRNA expression, the degree of
apoptosis and the percentage of cells in the S phase of cell
cycle in the bone marrow (BM) of adult patients with de
novo MDS. We also used the data from our previous study
concerning apoptosis regulation genes—caspases and bcl2
family genes—and we enriched this study with 14 more
cases with MDS. Our objective was to identify different
expression patterns of cell cycle and apoptosis regulatory
genes at different stages of MDS and to correlate the
findings with clinical characteristics and prognosis.

Materials and methods
Patients

A total of 60 MDS patients, 40 male patients and 20 female
patients, classified according to FAB classification as
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follows: 17 RA, 5 RARS, 19 RAEB, 9 RAEBT, and 10
CMML and to WHO classification as follows: 10 RA, 3
RARS, 7 RCMD, 2 RCMD-RS, 11 RAEBI, 8 RAEBII, 10
CMML, and 9 AML, were included in our study. Twelve
healthy individuals were used as normal controls (five
female and seven male donors, median age 51 years, age
range 37-71 years). Fresh samples of BM aspirates were
obtained at diagnosis from the patients as well as the
control group. Informed consent was obtained from each
MDS patient as well as each healthy donor. The median age
of patients was 72 years (range 55-89 years). Their clinical
and hematological features are summarized in Table 1 and
the precise karyotypic abnormalities of patients with
abnormal karyotype are shown on Table 2.

Total RNA extraction

Total RNA was isolated from the bone marrow samples
using the Tripure Isolation Reagent (GIBCO), according to

Table 1 Clinical features of MDS patients

Clinical parameter

71 years (range 55-89)

9.75 g/dl (range 6.5-14)

8,606/mm> (range 1,500-23,000)
2,340/mm’> (range 150-10,500)
135,375/mm? (range 13,000-777,000)
5% (range 0-30%)

Age (median value)
Hb (median value)
WBC neutrophils
(median value)
PLT (median value)
Blasts (median value)
Patients

Sex Male, 40
Female, 20
RA, 17
RARS, 5
RAEB, 19
RAEBT, 9
CMML, 10
RA10
RCMD, 7
RARS, 3
RCMD-RS, 2
RAEBI, 11
RAEBII, 8
AML, 9
CMMLI, 10
Normal, 26
Abnormal, 17
Non defined, 17
<1, 33
>1, 11
Non defined, 6

FAB classification

WHO classification

Karyotype

IPSS




Ann Hematol (2010) 89:349-358

351

Table 2 Cases with abnormal karyotype

Patients with abnormal karyotype

3 cases with RA

1 case with RARS
8 cases with RAEB

4 cases with RAEBT

1 case with CMML

46,XY[3], 46,XY,-7, +14[15]

46,XX.inv(9)(p12q13)[5], 46,XX.del(9)(q22q34).inv(9)(p12q13)[2],
46,XX,del(7)(q22)del(9)(q22¢34),inv(9)(p12q13)[8]

46,XX[7], 45.XX,-7[13]
46,XY[11,46,X Y ,inv(3)(p14q27-29)[3]

46,XY,[18], 47.XY, +8[2]

46,XX[8], 47,XX, +6[12]

47, XY,del(5)(q13q33), +8[4]
46,XY[131,46,XY.del(5)(q13q33).-7,del(12)(p12),-18,-22, +marl[7]
46,XY[3],47.XY, +14[17]

45.X,-Y,[24]

45.X,-Y,[14]

46,XX,9qh+ [3]

46,XYI5], t(3;12)(q26;p13)[12]

46,XY[16],46,XY.del(11g-)[5]
46,XY[91,45,XY,-7,del(20)(q12)[3],46,XY,-7, +11,del(20)(q12)[4],46,
XY,add(6p),-7, +11,del(20)(q12)[4]

46,XX[3],46,XX,-5, +marl[16],46,XX,t(3:3)(q21:926),-5, +marl[1]
46,XX[16], 47.XX, +8[4]

a modified guanidine-thiocyanate method. Then, chloro-
form extraction, isopropanol precipitation, and quantifica-
tion by spectrophotometry were performed.

RNase protection assay

The ribonuclease protection assay (RPA) is a highly
sensitive and specific method for the detection and
quantification of multiple mRNA species.

Ten micrograms of RNA were analyzed with h-CC1 and
h-CYC1 Riboquant kits. These panels explored the mRNA
encoding for CDKs and CKIs, i.e. CDKs 1, 2, 3, 4, p27,
p21, and p16 (h-CC1) and cyclins, i.e., cyclins A, B, C, D1,
D2, and Al (h-CYC1). h-Apolb and h-Apo2b Riboquant
kits, encoding for caspases 1, 2, 3, 5, 6, 7, 8, 9 and
Granzyme B (h-Apolb) and bcl2 family, i.e., belxL, belxS,
bfll, bik, bak, bax, bcl2, mcll (h-Apo2b) were also
included in our study. Each of the four kits also detected
and quantified mRNA encoding two ubiquitous genes:
GAPDH and L32. Briefly, riboprobes were synthesized
using a *?P-UTP and then purified by phenol—chloroform
extraction and ethanol precipitation. Riboprobes target
mRNA hybridization was performed overnight at 56°C.
Samples were then digested by ribonucleases A and T1 for
45 min at 30°C. Then, after 15 min of proteinase K
digestion at 37°C, phenol-chloroform extraction and
ethanol precipitation were performed. The samples were
resuspended in a formamide-based loading dye and loaded
on to a 5% polyacrylamide/7 M urea denaturing gel.

Following migration (55 W for 90 min), the gel was dried,
exposed, and scanned. Intensity of gene bands, .32 and
GAPDH mRNA were measured by phosphorimaging
(Image Master Software—Pharmacia).

The quantity of each mRNA species was determined
based on the housekeeping genes L32 and GAPDH. Data
were expressed as the relative ratio of each gene to these
genes’ mRNA level. We observed that the respective ratios
for each gene did not differ; consequently, the integrity as
well as the security of the RPA method is considered to be
guaranteed.

Annexin V staining

Cells to be stained were washed twice in phosphate-
buffered saline and then resuspended in a 1x binding
buffer at a concentration of 10° cells/ml. Cells were
then incubated with 10 ul of fluorescein-conjugated
annexin V and 10 ul of PI. Annexin V binds to those
cells that express phosphatidylserine on the outer layer of
the cell membrane whereas PI stains the cellular DNA of
those cells with a compromised cell membrane. This
allows for live cells (unstained with either fluorochrome)
to be discriminated from apoptotic cells (stained only
with annexin V) and necrotic cells (stained with both
annexin and PI). The apoptotic index was calculated as
the percentage of annexin-V-positive- and Pl-negative
cells divided by the total number of cells in the gated
region [15].
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Analysis of cell cycle using flow cytometry

For the analysis of cell cycle, DNA Prep reagent kit (PN
6607055, Beckman Coulter) was used. One hundred
microliters of single cell suspension are added to 100 p L
of LPR, to obtain a final cell concentration of 3—5x10°
cells/mL. After vortex, 2 mL of DNA Prep Stain are added,
to be followed by vortex and filter with a 25-um filter tip
into a sample cup. Analysis follows. Flow cytometry offers
a rapid method for measuring the DNA content of cells and
provides a convenient research tool to monitor cell cycle
status and regulation. An exponentially growing population
of cells will have a DNA content distribution containing an
initial peak of Go/Gl1 cells, a valley of S phase cells and a
second peak containing G2/M cells.

Statistical analysis

Statistical analysis was performed using STATA 8.0 and
SPSS version 11.0 (SPSS Inc., Chicago, IL, USA) [16—18].

Spearman correlation coefficient test was used to evaluate
the strength of association between the continuous variables,
i.e., gene-expression values and the degree of apoptosis, as
well as CDKs’, CKIs’, and cyclins’ expression values among
themselves retrospectively. Mann—Whitney U test for inde-
pendent samples was used for comparison of gene-expression
values between IPSS, FAB, WHO, hemoglobulin—Hb, white
blood cell counts—WBC, platelets—PLT and percent blast
categories, as well as for comparison of gene-expression
values between MDS patients and healthy donors.

For multivariate gene analysis, principal component
analysis, and discriminant analysis were used. These two
methods allow the study of many variables simultaneously,
inform about how the original variables are correlated, and
show how the samples are grouped. [19, 20]

We divided the patients’ population into two subgroups
based on IPSS score. The first, low-risk group consisted of
patients with IPSS score <1, whereas the members of the
second, high-risk group had IPSS score >1. In addition,
patients were separated according to FAB and WHO
classification as low-risk MDS (RA and RARS, according
to FAB and RA, RARS, RCMD, RCMD-RS according to
WHO) and high-risk MDS (RAEB and RAEB-t, according
to FAB and RAEBI and RAEBII, according to WHO).
Finally, patients with CMML were analyzed separately.

For each hematological parameter (Hb, WBC, PLT) two
groups were designed, those of normal and of abnormal
values. Regarding bone marrow blasts, patients were
separated into four distinct groups: <5%, 5-10%, 10-20%
and >20%. As far as karyotype is concerned, we used the
distinction of two groups (normal and abnormal karyotype),
but we also tested gene-expression differences between
patients with single and complex abnormalities, as well as
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in patients with normal karyotype, in comparison to those
with del-5q and monosomy 7.

Results
Gene-expression study

All genes were expressed at the mRNA level in patients and
normal controls. Gene-expression levels were diverse. The
expression of p21 was found lower in patients compared to
healthy donors (p<0.05%*), whereas that of bclxL and mcll
was statistically higher in patients compared to normal
controls (p<0.05* and p<0.01%*, respectively). The expres-
sion of the other genes did not differ between patients and
controls. Examples of the final autoradiographic plates of
the RNAase protection assay are shown on Fig. 1.
Patients with CMML exhibited higher cyclin DI
levels, compared to the other two FAB subgroups
(p<0.02*, RA-RARS Median value 0.3925—range

— - - * Cyelin A
— - 4 cycling
- — 4 Cyweline
4 Cyelin b1
— 4 Cyelinb2

4 cyelinbs

L 9 cyelin Al

R )
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Fig. 1 Example of autoradiographic plates of RNAase protection
assay (RPA). The samples were hybridized with h-CYC1 (1A) and h-
CCl1 (1B). Marked bands indicate the various mRNA species detected
in MDS samples. Each mRNA band of interest is expressed as a
percent of L32 and GAPDH
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0-63.328, RAEB-RAEBT Median value 0.193—range
0-24.25, CMML Median value 1.3275—range 0.316—
15.063). This correlation is described on Fig. 2a. Gene-
expression levels of the rest of the genes were not
significantly different between low- and high-risk MDS
patients, according to FAB and WHO subgroups.

Regarding IPSS score, patients with IPSS >1 showed
higher expression of mcll gene, compared to patients with
IPSS<1 (p<0.02*). This correlation is described on Fig. 2b.
Expression levels of CDKs, CKIs, cyclins, and the rest of
apoptosis regulatory genes were not significantly different
between different IPSS risk categories. The expression levels
of all genes showed no statistically significant correlation
with hematological parameters, percentage of marrow blasts
(<5%, 5-10%, 10-20%, >20%) and karyotype (normal—
abnormal, single vs complex abnormalities, normal karyo-
type vs del-5q vs monosomy 7).

We also tried to find out if specific patterns of gene
expression were specifically associated with diverse patients’
subgroups. Principal component analysis revealed that com-
bined expression of caspases 8, 3, 6, 5,2, 7 and Granzyme B is
approximately 3,724 times lower in patients compared to

a 1.5]

CMML RA&RARS RAEB&RAEBT

o 4

IPSS>1

IPSS<1

Fig. 2 a Median values of Cyclin D1 by FAB categories. b Median
values of mcll by IPSS categories

healthy donors (p<0.01%*, 95% CI —6,133, —1,314). In
addition, this method revealed that combined expression of
cyclins B, C, D1, and D2 turns to be roughly 2,394 times
higher in patients with abnormal karyotype (p<0.01*, 95%
CI 0,646, 4,141).

For the same objective, discriminant analysis was used,;
the results of the two methods are in agreement. Patients
had lower scores of the discriminant function compared to
healthy individuals (Wilks’ Lambda=0.155, Chi-square=
82,961, p<0.01%*). The 12 genes with the higher contribu-
tion to the discriminant function between patients and
controls were the following: caspase 7, caspase 2L, CDK4,
CDKI1, cyclin A, which had positive contribution and
caspase 2S, caspase 5, CDK2, caspase 8, cyclin C, cyclin
Al and pl6, which had negative contribution.

Regarding clinical parameters of the patients, discrimi-
nant function was statistically significant only for karyo-
type. Patients with abnormal karyotype had lower scores of
the discriminant function than patients with normal karyo-
type (Wilks’ Lambda=0.095, Chi-square=54.129, p<
0.01%*). Genes with the higher contribution were p27, cyclin
D1, p21, and caspase 2, which had positive contribution to
the function and CDK4, cyclin B, caspase 6, and CDK2
with negative contribution.

The results of discriminant analysis are described on Fig. 3
and the statistical method is analyzed in Supplement 1.

S phase

The median value of S phase cells for all MDS patients using
flow cytometry was 10.6% (range 0.19-27.4) and did not
statistically differ between MDS patients and healthy donors
(median value 8.7%, range 0.02-23.8). The percentage of
cells in the S phase did not correlate with the values of the
hematological parameters of the patients (Hb, WBC, PLT, and
percent blasts) and FAB, WHO, and IPSS subgroups. We
found a statistically significant positive correlation between S
phase and the levels of expression of caspase 3 (p<0.05*). An
example of cell cycle graph is being shown on Fig. 4.

Apoptosis

The percentage of annexin-positive cells, indicating the rate
of apoptosis of MDS patients was 2.79% (range 0-34.9)
and did not statistically differentiate between MDS patients
and healthy donors (median value 2.01%, range 0-28.2).
Also, no statistically significant differentiation was found
between FAB, WHO and IPSS subgroups of patients.
Finally, the rate of apoptosis did not correlate with the
values of the hematological parameters of the patients.

A positive correlation was found between CDKs’ 1, 2
and 4 (p<0.02*, p<0.02*, and p<0.01%*, respectively) and
p21 (p<0.02*) expression and the percentage of annexin-
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Fig. 3 Discriminant analysis. a Patients versus normal controls. The
median value of discriminant function is clearly lower in patients. b
Normal versus abnormal karyotype. The median value of discriminant
function is clearly lower in patients with abnormal karyotype

positive cells. On the contrary, the expression of cyclins,
CDK3, p27, pl16, and PISSLRE did not correlate with the
percentage of annexin-positive cells.

Discussion

Cell division and apoptosis are key aspects of MDS
pathophysiology. The combination of increased cell prolif-
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eration and reduced cell death lies very close to disease
progression. Although the cell division cycle and apoptosis
might appear to be quite different from a physiological
perspective, recent evidence suggests that they are inter-
twined, and that an enzyme in one system might also have
an important role in the other system. [21, 22]

The degree of apoptosis in our study is relatively lower
than previously reported with annexin V staining [15, 23,
24]. Similar were the findings of our previous study in a
smaller group of patients [14]. This could be partly
explained taking into consideration that we used isolated
BM mononuclear cells for the detection of apoptosis, in
contrast with most studies with annexin V method, whereby
CD34+ progenitor cells were selected [25]. Evaluation of
BM mononuclear cells rather than stem cells alone may
lead to underestimation of the degree of apoptosis. Indeed,
a study using annexin V method co-staining with CD34,
showed increased annexin V binding in CD34+ cells in
MDS [26]. Other investigators have also reported that
apoptosis was mainly seen in immature CD34+ progenitors,
after separation of marrow cells into CD34+ and CD34-
cell fractions [6, 11, 27]. The fact that apoptosis in the FAB
low-risk group was higher than that in the FAB high-risk
group, although not significantly different, is in accordance
with a number of previous studies [1, 6, 10, 11, 25, 28].
The increased apoptosis observed in “early” MDS is
possibly a physiological mechanism whereby the hemato-
poietic system is able to eliminate potentially harmful

360 SLCV S0
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240
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Cell Number
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[ a5 i ‘ﬂ. )
64 96 128 160 192 224 256
DNA Content

0 32

Fig. 4 Example of the cell cycle graph by flow cytometry. The initial
peak corresponds to cells at the Go/G1 phase, the valley following
represents S phase cells, whereas the second, lower peak refers to G2/
M cells
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clones. It is a kind of homeostatic process in order to
control cell numbers [6].

Studies of the cell cycle in MDS in the last few years have
focused on epigenetic alterations of key molecules of the cell
cycle, particularly CKIs pl6 and pl5 [29]. Publications
focusing on molecules, at the mRNA or protein level, which
might influence cell cycle kinetics in MDS, are limited. The
median value of S phase cells in our study is in the limits of
bibliography data and is found higher from that of normal
individuals, yet not reaching statistical significance. Evalu-
ation of BM mononuclear cells rather than stem cells alone
may also play an important role and lead to an underestima-
tion of the percentage of the cells at the S phase of the cell
cycle. Indeed, it has been demonstrated that an enhanced
cyclic activity in MDS patients can be demonstrated in vivo
[30]. The percentage of cells at the S phase of the cell cycle
did not correlate with clinical parameters (Hb, WBC, PLT,
and percent blasts), or with gene expression, with the
exception of caspase 3. The importance of this finding
remains unclear, as the involvement of caspases in cell cycle
has not really been investigated. However, a recent study
suggested that caspase 3 is activated in cells entering late G1
or early S phase, and caspase 8 is activated in middle or late
G1 phase in asynchronously growing leukemia cells [31].

The positive correlation of apoptosis to CDKs 1, 2, and 4
in our study comes in accordance with data from
bibliography that suggest that CDKs’ activity is required
in a subset of apoptosis programs [32, 33]. However, the
specific point of action of CDKs is unclear [34] and there
also exist a number of studies that suggest that CDKs’
inhibition promotes apoptosis [35-39]. In favor of a direct
participation are several studies linking apoptosis with
elevated CDK levels. For example, a number of studies
link CDK1 activity with Granzyme B-induced apoptosis,
staurosporin-induced apoptosis in FT210 cells, HIV-1 Tat-
induced apoptosis, T-cell death by anti-CD3 antibodies and
apoptosis of human promyelocytic leukemia cells, HL60
[34, 39]. In addition, microtubule inhibitors such as
paclitaxel (Taxol) have been found to increase the activity
of CDKI in several breast cancer cell lines [34, 38]. The
involvement of other kinases in the apoptotic pathways is
also a fact. CDK2 is induced after treatment with HIV-1 Tat
[34]. In apoptotic thymocytes, CDK2 activation is required
for cell death and only occurs subsequent to bax expression
or bel2 repression [40]. In addition, upregulation of CDK4
may be a primary and critical factor in induction of
apoptosis in human lung carcinomas in vivo [41]. A
provocative conclusion concerning CDK4 comes from
another study: up-regulation of CDK4 kinase activity is
characterized as the primary and critical mediator of
apoptosis regardless the cell types [32, 42—44].

Our results link also p21 expression to the degree of
apoptosis. Among CKIs, p21 is one of the most highly

studied for its involvement in apoptosis [45, 46]. The
majority of bibliographic data though support the idea that
p21 may act as an apoptosis inhibitor, in contradiction to
our results [44]. There are yet a number of reports that
suggest a pro-apoptotic function of p21 under certain
conditions in specific systems and are in agreement with
our findings [47-56]. Further investigation of the role of
p21 in apoptosis is required.

Interestingly, according to our results, p21 expression turns
out to be lower in patients compared to healthy donors. The
progression of MDS to AML occurs concomitantly with
decreased apoptosis and an increased degree of neoplastic cell
survival, leading to subsequent expansion of the abnormal
precursor cells. A potential explanation of the lower p21
expression, which we found in patients with MDS compared
to normal controls, comes from its known function. p21 is an
inhibitor of cell cycle, inactivating CDK/cyclin complexes
and its lower expression could favor disease progression.
Additionally, our study links p21 expression with the degree
of apoptosis, as already mentioned. Apoptosis is a physiolog-
ical mechanism whereby the hematopoietic system is able to
eliminate potentially harmful clones. It is a kind of homeo-
static process in order to control cell numbers [6]. Lower p21
expression in patients could also be explained through the
suppression of the apoptotic pathway that characterizes
patients compared to healthy donors.

To our knowledge, we report for the first time that
patients with CMML show higher cyclin D1 mRNA
expression. According to WHO classification, CMML has
been placed in a new category of diseases, named
myelodysplastic/myeloproliferative disorders [57-60]. Al-
though two categories of CMML are recognized by the
WHO, based on the percentage of combined blasts and
promonocytes in the blood, the ambiguity in the clinical
and morphologic findings is unquestionable and the
diagnostic term encompasses a wide spectrum of diseases.
It is possible that the overexpression of cyclin D1 has to do
exactly with the myeloproliferative character of CMML,
which distinguishes it from MDS. Increased expression of
cyclin DI is a feature of many different primary human
tumors with current diagnostic and prognostic implications.
Cyclin D1 could be a very interesting target for therapeutic
intervention and anti-cyclin D1 agents are in development.
Our findings propose that cyclin D1 may provide a basis for
treatment of patients with CMML. We consider this finding
really important and having a potential practical use, as far
as it is confirmed at protein level.

In order to identify specific groups of genes, whose
combined expression pattern could characterize specific
groups of patients or could distinguish between patients and
healthy individuals, we used multivariate analysis. To our
knowledge, we report for the first time that such a correlation
is being established. The results of principal component
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analysis indicate that combined expression of six caspases, 8,
3,6,5,2,7,and Granzyme B was lower in MDS patients than
normal individuals. This finding is in agreement with the
findings of discriminant analysis and both methods have high
levels of sensitivity in our study. Discriminant function turned
to have lower scores in patients compared to normal controls,
and what is really interesting is that the genes with the higher
contribution to the discriminant function were caspases 7, 2, 5,
and 8. In other words, caspases turned to have lower
expression values in MDS patients. This finding further
stresses the importance of the apoptotic process in the
pathogenesis of MDS and provides a gene-expression model
for the group of patients that could even serve for screening
purposes in the future.

Multivariate analysis with both methods also led to
interesting conclusions regarding karyotype. Principal
component analysis indicated that combined expression of
cyclins B, C, D1, and D2 is higher in patients with
abnormal karyotype. Discriminant analysis also led to the
same conclusion. This finding could explain a proliferative
advantage of these cases leading to a higher probability of
detecting of karyotypic abnormalities. Cyclins constitute
master regulators of the cell cycle. Their combined aberrant
expression in MDS patients could lead to aberrant cell
proliferation, which, together with the lower rates of
protective apoptotic cell death, could result in inaccurate
elimination of unwanted and defective cells and to
increased genomic instability [4, 34].

In addition, we found increased expression of mcll gene
in patients of the IPSS high-risk group (IPSS >1). The
activity of cell death pathways depends on the relative
expression of pro and anti-apoptotic bcl2 genes. As soon as
the balance favors anti-apoptotic genes, mcll is overex-
pressed, the disease progresses, IPSS score raises, and this
is probably concomitant with an increased immature
cellular survival and neoplastic cell expansion. We consider
the overexpression of mcll gene in patients with IPSS>1
an important finding, as it can serve in the future as a
prognostic marker for patients of this stage of disease,
provided that it is confirmed at the protein level. Further-
more, we found higher expression of the anti-apoptotic
belxL and mcll genes in MDS patients compared to normal
donors. This finding also supports the previously men-
tioned theory.

In summary, our study revealed different expression of
specific genes between patients and healthy donors (p21,
belxL, and mecll), correlation of specific genes with the
degree of apoptosis (CDKs 1,2,4, p21), with specific
clinical features of patients (cyclin DI with CMML
category) and with the IPSS score (mcll). Moreover, our
multivariate analysis revealed lower combined expression
of caspases 8, 3, 6, 5, 2, 7, and Granzyme B in MDS
compared to controls and higher combined cyclin B, C, D1,

@ Springer

and D2 expression in patients with abnormal karyotype
compatible with a higher proliferation rate and a higher
probability of revealing karyotypic abnormalities. Taking
into consideration the multifactorial pathogenetic features
of MDS, as well as the therapeutic dilemmas that often
occur, we consider the developing understanding of cell
cycle and apoptosis function essential, with the view to
proceed to molecularly targeted treatment and improved
clinical outcome.
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