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1. Introduction

The human bone marrow (BM) is an extremely dynamic
compartment, constituting approximately 2.5% of total body
weight, with 25% to 75% being the hematopoietic cells and
the rest (yellow or fatty marrow) forming a reserve capable
of mobilization during stress conditions [1,2]. In addition to
blood cells, the marrow produces a number of cytokines
responsible for regulating and coordinating the complex
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functions of its many components. Myelodysplastic syn-
dromes (MDS), comprising a group of clonal hematopoietic
diseases that present with the apparent incongruity of vari-
able cytopenias despite a generally cellular BM [3,4], are
marked by excessive intramedullary apoptotic death of
hematopoietic cells belonging to all 3 lineages [5,6].

A substantial body of evidence has also been compiled
now that demonstrates an increase in a variety of proin-
flammatory cytokines in the majority of MDS patients. This
list includes 3 prominent members, namely, tumor necrosis
factor-� (TNF-�), interleukin 1� (IL-1�), and transforming
growth factor-� (TGF-�) [7-12]. In addition, increases in
the levels of IL-6 and macrophage colony-stimulating fac-
tor (M-CSF) have been documented [13,14]. The precise
mechanism involving cytokine-induced apoptosis in the
hematopoietic cells remains unknown, although signaling
via the Fas/Fas ligand pathway, attenuation of Fap-1, and
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activation of the caspase network have all been reported
[15-17]. An association between increased apoptosis and
proinflammatory cytokines has been best established by
the demonstration that in vivo neutralization of TNF-�
activity is accompanied by improvement in cytopenias in
some MDS patients [18-20]. It would, therefore, be impor-
tant to define the pretherapy cytokine profile and inci-
dence of apoptosis in MDS marrows and to determine
whether these measurements can be used to identify sub-
groups of patients with unique prognostic or biological
characteristics.

In the present study, BM biopsy specimens of 145 MDS
patients belonging to all morphologic categories were exam-
ined for the presence of 2 pro-apoptotic cytokines, TNF-�
and TGF-�. The biopsy specimens were further correlated
with the level of apoptosis, proliferation, monocyte/macro-
phage number, and clinical parameters, such as the level of
cytopenias, percentage blasts in the BM aspirate, and BM
biopsy specimen cellularity. Results show that TNF-� and
TGF-�, monocyte/macrophage number, and apoptosis tend
to be proportionately increased in MDS patients. In a multi-
variate logistic regression model controlling for the effects of
TNF-�, apoptosis, and number of monocytes/macrophages,
TGF-� remained a biological parameter associated with dis-
ease severity, being significantly higher in patients who pre-
sented with an excess of blasts. This study not only confirms
the role of TNF-� and TGF-� in mediating the excessive apo-
ptosis in hematopoietic cells of MDS patients, but also sug-
gests an exceedingly important part played by TGF-� in the
pathogenesis and progression of this disease.

2. Materials and Methods

A total of 145 MDS patients are the subjects of this
report. Every individual received a 1-hour infusion of iodo-
deoxyuridine (IUdR) and/or bromodeoxyuridine (BrdU) at
100 mg/m2 intravenously on protocol MDS 90-02 for the pur-
pose of in vivo cell cycle analysis. Informed consent for the
infusion protocol was obtained from every patient. The pro-
tocol was reviewed and approved by the Institutional
Review Board of the Rush-Presbyterian-St Luke’s Medical
Center, the National Cancer Institute (NCI), and the US
Food and Drug Administration. The IUdR and BrdU for
these studies were supplied by the NCI. Immediately upon
completion of the infusion, peripheral blood, BM aspirate,
and BM biopsy specimens were obtained from the patient
and sent for routine studies including pathology, cytogenet-
ics, and surface markers, while part of each sample was also
transported on ice to A.R.’s laboratory for biological studies.
The following studies were performed on these tissues. All
the data in the study were acquired in samples obtained from
patients prior to starting therapy.

2.1. Detection of Cytokines in the Microenvironment

Semiquantitative immunohistochemical methods were
used to determine the levels of 2 cytokines, TNF-� and
TGF-�, in the BM biopsy specimens, as described previ-
ously [8].

2.2. Detection of Monocyte/Macrophage Number

The presence of monocytes/macrophages was detected
immunohistochemically by the method described previously
[8]. The monoclonal antibody used was CD68 (Dakopatts,
Glostrup, Denmark).

2.3. Detection of S-Phase Cells

The in situ detection of the 2 thymidine analogs, IUdR
and BrdU, administered via intravenous infusions, was car-
ried out by using monoclonal antibodies and immunohisto-
chemical methods described previously [5,6]. After process-
ing and mounting the cover slips with fluoromount, at least
2000 positively labeled S-phase myeloid cells were counted
to determine the labeling index (LI). Erythroid and mega-
karyocytic cells were excluded.

2.4. Measurement of Apoptosis Using In Situ End
Labeling of Fragmented DNA

Apoptotic cells were detected using the in situ end
labeling (ISEL) technique on plastic-embedded BM
biopsy sections of MDS patients as described in earlier
studies [5,6].

2.5. Interpretation of Slides

A subjective quantitative scale was formulated to deter-
mine the degree of positivity of the different cytokines
(TGF-�, TNF-�), ISEL staining and the cellular component
(macrophages) as follows: negative, low, intermediate, and
high. Low was defined as less than one third of the biopsy
specimen positive; intermediate, one third to two thirds of
the specimen positive; and high, greater than two thirds of
the specimen positive.

2.6. Statistical Analysis

The nonparametric Spearman test was used for compar-
ison between 2 noncontinuous variables, and Kruskal-Wallis
1-way analysis of variance was used to compare different
variables. One-tail P-values are reported throughout the
paper. Logistic regression was used to examine the rela-
tionship between the 4 significantly related biological
measurements, including apoptosis, TNF-�, TGF-�, and
number of macrophages. Scoring of all 4 biological param-
eters was based on the intensity of staining, ranging from 0
to 8. These measurements were then categorized as no
staining or low, intermediate, or high degree of staining.
Disease severity was dichotomized as group I (refractory
anemia + refractory anemia with ringed sideroblasts) and
group II (refractory anemia with excess blasts � transfor-
mation). The results are presented as the odds of a patient
with a higher staining characteristic having more severe
MDS compared with the odds of a patient with no staining.
Of 145 patients studied, 112 had complete data for inclu-
sion in this analysis.
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Table 1.
Clinical and Biological Characteristics of Patients in the Study*

Clinical Biological

Platelets, BM Asp BM BX
Hb, g/dL WBC, /�L 1000/�L Blasts, % Cellularity, % LI, % ISEL TNF-� TGF-� CD68

Overall
n 145 143 143 133 141 104 121 131 145 136
Median 9.3 3.4 81 2 70 25 1 3 3 4

FAB
RA

n 74 74 74 68 72 52 63 69 74 69
Median 9.6 3.45 87.5 1 60 25.81 1 2 2.5 2

RARS
n 21 21 21 21 21 14 18 18 21 20
Median 9.2 4.15 191 1 80 27.85 1 2 3 5

RAEB
n 36 34 34 31 34 28 31 33 36 35
Median 9.05 2.91 55.5 7 80 24.4 1 4 3 5

RAEB-t
n 8 8 8 8 8 6 4 5 8 7
Median 9.15 1.365 31.5 18 70 21.5 1.5 5 3 5

CMMoL
n 6 6 6 5 6 4 5 6 6 5
Median 9.6 7.84 55 5 80 19.55 0 0.5 3.5 4

P-values .532 .012 .004 <.001 .014 .04 .878 .722 .143 .013

*Hb indicates hemoglobin; WBC, white blood cells; BM Asp blasts, bone marrow aspirate blasts; BM Bx Cellularity, bone marrow biopsy speci-
men cellularity; LI, labeling index; ISEL, in situ end labeling (1+ to 8+); TNF-�, tumor necrosis factor-� (1+ to 8+); TGF-�, transforming growth fac-
tor-� (1+ to 8+); CD68, macrophage marker (1+ to 8+); n, number of patients; FAB, French-American-British classification; RA, refractory anemia;
RARS, RA with ringed sideroblasts; RAEB, RA with excess blasts; RAEB-t, RAEB in transformation; CMMoL, chronic myelomonocytic leukemia.

3. Results

Of the 145 MDS patients included in this study, there
were 102 men and 43 women, with a median age of 68 years.
According to the French-American-British (FAB) classifica-
tion [21], 74 patients had refractory anemia (RA), 21 patients
had RA with ringed sideroblasts (RARS), 36 patients had
RA with excess blasts (RAEB), 8 patients had RAEB in
transformation (RAEB-t), and 6 patients had chronic
myelomonocytic leukemia (CMMoL). The International
Prognostic Scoring System (IPSS) was also computed for 126
patients based on published criteria [22]. Fifty-four patients
belonged to the low-risk group, 41 patients to intermediate 1
(Int 1), 20 patients to intermediate 2 (Int 2), and 11 patients
to the high-risk group. Median values for clinical parameters
including hemoglobin, white blood cell count, platelet count,
BM aspirate blasts, and BM biopsy specimen cellularity are
presented for all MDS patients as well as by FAB category in
Table 1.

3.1. Cell Proliferation and Apoptosis

The median LI for all patients was 25% (n = 104). The
median LI by FAB groups is presented in Table 1. As previ-
ously reported by ourselves and others, the LI tends to
decrease with increasing disease severity such that patients
with RAEB-t have a lower LI (21.5%) than do those with
RA (25.8%) or RARS (27.8%). CMMoL patients have the
lowest LI (19.5%, Table 1). These differences in LI between
the various FAB groups were statistically significant (n = 104,
P = .04).With respect to apoptosis, the overall median for the

entire group was low or 1+ (n = 121,Table 1), and the median
for ISEL in RAEB-t patients was slightly higher than in the
other FAB groups (Table 1). It must be noted that the blasts
in RAEB and RAEB-t patients were rarely found to be
apoptotic; rather, apoptosis appeared confined to maturing
cells. Apoptosis was not detected in any of the 5 CMMoL
patients. Based on the intensity of staining, the ISEL-positive
patient samples could be divided into 3 groups. Thirty-five
samples stained with low intensity, 16 stained with an inter-
mediate intensity, and 15 stained with high intensity
(Table 2). Fifty-five MDS patients (46%) in this study did not
have a detectable level of apoptosis. at least by the ISEL
technique, in their BM biopsy specimens.

3.2. Cytokine Levels and Macrophage Number in BM
Biopsy Specimens

TNF-� levels were evaluated in 131 MDS patients, and 40
(31%) of them had no positive staining (Table 2). Low-
intensity TNF-� staining was seen in the BM biopsy speci-
mens of 35 patients, whereas 19 patients showed intermedi-
ate staining and 37 patients showed high-intensity staining.
The median TNF-� level in the CMMoL group was lowest
among the 5 FAB groups (Table 1). Most of the TNF-� was
found in interstitial areas of the biopsy specimens, although
slightly higher amounts were also seen in monocytic/macro-
phage and megakaryocytic cells. TGF-� levels were evalu-
ated in 145 MDS patients (Tables 1 and 2), and 37 (26%)
patients showed no staining for this cytokine in their biopsy
specimens. Forty-nine patients showed low TGF-� staining,
34 patients showed intermediate staining, and 25 patients
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Table 2.
Pattern of Relative Staining in BM Biopsy Specimens*

ISEL TNF-� TGF-� CD68

n % n % n % n %

Negative 55 46 40 31 37 26 31 23
Low 35 29 35 27 49 34 32 24
Intermediate 16 13 19 15 34 24 38 28
High 15 12 37 29 25 17 35 26

*BM indicates bone marrow; ISEL, in situ end labeling (1+ to 8+); TNF-�, tumor necrosis factor-� (1+ to 8+); TGF-�, transforming growth fac-
tor-� (1+ to 8+); CD68, macrophage marker (1+ to 8+); n, number of patients.

showed high-intensity staining. Neither TNF-� nor TGF-�
was detected in BM biopsy specimens of 16 MDS patients.
The number of macrophages was available in 136 MDS
patients. Overall, the median CD68 staining intensity was
intermediate in BM biopsy specimens of MDS patients
(Table 1). The median CD68 number was statistically signifi-
cant among the different FAB categories (n = 136, P = .013).
Thirty-one (23%) patients had no detectable cells belonging
to the monocyte/macrophage lineage (Table 2).

3.3. Relationship Between TGF-�, TNF-�, Monocyte/
Macrophage Number, LI and Apoptosis

The nonparametric Spearman test was used to determine
the relationship between the clinical and biological parame-
ters studied, and a summary of the statistically significant
findings is provided in Table 3. LI was not related to any of
the other biological measurements, but there was an inverse
relationship between LI and number of blasts in the BM
aspirate (P = .048). Degree of apoptosis showed a direct rela-
tionship to the number of monocytes/macrophages (P = .048,

Table 3) and was inversely related to the BM biopsy speci-
men cellularity (P = .041, Table 3). The 2 pro-apoptotic
cytokines TNF-� and TGF-� were directly correlated with
each other (r = 0.311, P < .001). In addition, TNF-� was also
directly related to the number of macrophages (P = .003) and
to the percentage of BM aspirate blasts (P = .028). TGF-�
was also directly related to the number of macrophages (r =
0.181, P = .018) and BM aspirate blasts (r = 0.198, P = .011).
The number of macrophages in the BM biopsy specimens
positively correlated with TNF-� levels (P = .003) and apo-
ptosis (P = .048). The BM biopsy cellularity inversely corre-
lated with apoptosis (r = –0.161, P = .041) and positively cor-
related with the percentage of blasts in the BM aspirates (r =
0.251, P = .002).

3.4. Clinical and Biological Characteristics Versus
IPSS and FAB Groups

Table 4 shows the biological measurements versus the
IPSS classification.The higher-risk groups had lower LIs (P =
.011, Table 4). Table 1 shows the relationship of various clin-

Table 3.
Overall Correlation Between Biological/Clinical Parameters*

Parameter 1 Parameter 2 n r P

LI BM Asp blasts† 98 –0.169 .048
ISEL CD68 118 0.154 .048

BM Bx cellularity† 117 –0.161 .041
TNF-� TGF-� 131 0.311 <.001

CD68 128 0.246 .003
BM Asp blasts 121 0.174 .028

TGF-� TNF-� 131 0.311 <.001
CD68 136 0.181 .018
BM Asp blasts 133 0.198 .011

CD68 ISEL 118 0.154 .048
TNF-� 128 0.246 .003
TGF-� 136 0.181 .018
BM Bx Cellularity 132 0.158 .035

BM Asp blasts TNF-� 121 0.174 .028
TGF-� 133 0.198 .011
BM Bx Cellularity 129 0.251 .002
LI† 98 –0.169 .048

BM Bx Cellularity ISEL† 117 –0.161 .041
CD68 132 0.158 .035
BM Asp blasts 129 0.251 .002

*n indicates number of patients; LI, labeling index; BM Asp blasts, bone marrow aspirate blasts; ISEL, in situ end labeling (1+ to 8+); CD68, macro-
phage marker (1+ to 8+);BM Bx Cellularity, Bone marrow biopsy specimen cellularity; TNF-�, tumor necrosis factor-� (1+ to 8+); TGF-�, transform-
ing growth factor-� (1+ to 8+).

†Inverse relationship.
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ical and biological parameters to FAB categories. Although
the median BM biopsy specimen cellularity for the 141 MDS
patients was 70%, a significant difference was seen in the cel-
lularity between the FAB groups (P = .033), being lowest for
RA patients (median = 60%, Table 1). There were also sev-
eral important biological differences between the various
FAB categories. The LI was significantly lower for the
RAEB-t patients compared to that of the other groups, and
CMMoL patients had no evidence of apoptosis in their
biopsy specimens. The significant P-values are provided in
Table 1.

Patients were also grouped according to whether they had
<5% blasts in the marrow (group I) or had excess blasts
(group II), and their clinical and biological parameters are
presented in Table 5. Group I had 95 patients with RA +
RARS, whereas group II had 42 RAEB + RAEB-t patients.
CMMoL patients were excluded from this analysis. A com-
parison of the relative staining for ISEL, TNF-�, TGF-�, and
CD68+ cells is shown in Figure 1. Group I had a median LI of
26%, whereas group II had a median LI of 24% (Table 5). No
differences were seen in the groups as far as apoptosis was
concerned. Samples from group II patients stained with a
higher intensity for TNF-� than did those from group I
patients (4+ versus 2+, Table 5), but this was not statistically
significant. As far as TGF-� is concerned, groups I and II
both had a median staining intensity of 3 (Table 5), but the

mean was statistically significantly different (P = .01). Statis-
tically significant correlations between the different biologi-
cal characteristics within each group of patients are pre-
sented in Table 6. In group I (RA + RARS) patients,
significant positive correlations were seen between LI and
CD68 staining (P = .027), between TNF-� and CD68 (P =
.006), between TNF-� and TGF-� (P = .001), and between
TGF-� and macrophage number (P = .023). In group II
patients, inverse relationships were found between LI and
BM aspirate blasts (P = .013), between apoptosis and BM
biopsy specimen cellularity (P = .009), and between apopto-
sis and TGF-� (P = .048). An interesting observation is that
in the earlier stages of the disease, TGF-� had no relation-
ship to apoptosis (Table 6, group I), but in the later stages
TGF-� was inversely related to apoptosis (P = .048) (Table 6,
group II). This suggests a more complicated role for TGF-�
in the pathogenesis of MDS than merely serving as a pro-
apoptotic cytokine.

3.5. Logistic Regression Model

Logistic regression was used to examine the relationship
between apoptosis, TNF-�, TGF-�, and macrophage number
in 112 MDS patients in whom all measurements were simul-
taneously available. First, each of the 4 parameters was
examined in a univariate analysis. Only TGF-� staining
intensity was found to be significantly associated with disease
severity (group I versus group II) as indicated by an increase
in blast number (Wald X2 = 10.21, df = 3, P = .02). Table 7
presents the multivariate regression results. When control-
ling for the effects of TNF-�, apoptosis, and macrophage
number, TGF-� remained the only biological parameter
significantly associated with disease severity (Wald X2 =
10.53, df = 3, P = .01). Also, the estimated odds of a patient
with low or high TGF-� staining having RAEB or RAEB-t
was higher than the estimated odds of a patient with no
TGF-� staining (Table 7).

4. Discussion

The purpose of this study was to identify subsets of MDS
patients recognizable on the basis of distinct biological char-
acteristics within the known morphologic (FAB) and prog-

Table 5.
Clinical and Biological Characteristics in the 2 Groups of Patients*

Clinical Biological

Platelets, BM BX BM Asp
Hb, g/dL WBC, /�L 1000/�L Cellularity, % Blasts, % LI, % ISEL TNF-� TGF-� CD68

Group I
n 95 95 95 93 89 66 81 87 95 89
Median 9.5 3.6 113 70 1 26.4 1 2 3 3

Group II
n 42 42 42 42 39 34 35 38 44 42
Median 9.05 2.62 50 80 8 24.25 1 4 3 5

P-values .109 .006 .002 .018 <.001 .224 .752 .167 .01 .05

* Hb indicates hemoglobin; WBC, white blood cells; BM Bx Cellularity, bone marrow biopsy specimen cellularity; BM Asp Blasts, bone marrow aspi-
rate blasts; LI, labeling index; ISEL, in situ end labeling (1+ to 8+); TNF-�, tumor necrosis factor-� (1+ to 8+); TGF-�, transforming growth factor-� (1+
to 8+); CD68, macrophage marker (1+ to 8+); n, number of patients. Group I includes RA + RARS patients. Group II includes RAEB + RAEB-t patients.

Table 4.
Correlation Between IPSS Score and Biological Parameters*

Parameter n r P

LI† 96 –0.234 .011
ISEL† 108 –0.088 .183
TNF-� 117 0.032 .366
TGF-� 130 0.11 .107
CD68 123 0.071 .217
BM Asp blasts 129 0.632 <.001
BM Bx cellularity 126 0.203 .011

*IPSS indicates International Prognostic Scoring System; LI, labeling
index; ISEL, in situ end labeling (1+ to 8+); TNF-�, tumor necrosis factor-
� (1+ to 8+); TGF-�, transforming growth factor-� (1+ to 8+); CD68,
macrophage marker (1+ to 8+);BM Asp blasts, bone marrow aspirate
blast; BM Bx cellularity, bone marrow biopsy specimen cellularity.

†Inverse relationship.
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Figure 1. Bone marrow biopsy specimens from myelodysplastic syndrome (MDS) patients stained for in situ end labeling (ISEL), tumor necrosis
factor-� (TNF-�), transforming growth factor-� (TGF-�), and CD68 in group I and group II MDS patients. A significant difference was seen in stain-
ing intensity of TGF-� and in the number of monocyte/macrophage cells. RA indicates refractory anemia; RARS, RA with ringed sideroblasts; RAEB,
RA with excess blasts; RAEB-t, RAEB in transformation.

nostic (IPSS) categories. The following important observa-
tions have been made in this study of 145 MDS patients:

• Overall, the rate of proliferation, as measured by label-
ing S-phase cells in BM biopsy specimens in vivo, slows signi-
ficantly as the disease progresses from a stage with a normal
percentage of BM blasts to one with excessive blasts.

• Degree of apoptosis appears to be directly related to the
number of macrophages and inversely to the cellularity of
the BM biopsy specimen.

• TNF-� and TGF-� levels were highly correlated with
each other and with the number of macrophages.

• BM specimen cellularity was directly related to the
number of monocyte/macrophage cells and inversely related
to the degree of apoptosis.

• BM aspirate blast percentage was directly related to
both TNF-� and TGF-� and inversely related to LI.

• Both TGF-� and monocyte/macrophage number were
statistically higher in patients with excess blasts as opposed
to those with RA/RARS.

• LI decreased significantly with increasing IPSS risk cat-
egories, being lowest for the high-risk groups.

• In patients with RA/RARS, there was a strong relation-
ship between TNF-�, TGF-�, and monocyte/macrophage
number, but this relationship was completely lost in patients
who presented with an excess of blasts, suggesting a loss of
paracrine influence in the latter patients.

• The only significant biological correlations in patients
with excess blasts related to an inverse relationship between
LI and BM aspirate blasts and an inverse relationship
between apoptosis and BM specimen cellularity.

• In a linear regression model, controlling for the effects
of TNF-�, apoptosis, and monocyte/macrophage number,
TGF-� emerged as the most significant biological parameter,
which distinguishes patients who present with RA/RARS
from those with an excess of blasts.

LI has always been found to be considerably higher in BM
biopsy specimens compared to matched BM aspirates not
only of patients with MDS [23] but also of those with acute
myelogenous leukemia [24]. Because there are no S-phase
cells in the peripheral blood, it was presumed that the higher

Table 6.
Correlation Between Biological Parameters in Group I and Group II
Patients

Parameter 1 Parameter 2 n r P

Group I
LI CD68 66 0.239 .027
TNF-� CD68 85 0.271 .006

TGF-� 87 0.329 .001
TGF-� CD68 89 0.212 .023

TNF-� 87 0.329 .001
CD68 LI 66 0.239 .027

TNF-� 85 0.271 .006
TGF-� 87 0.329 .001

Group II
LI BM Asp blasts† 32 –0.394 .013
ISEL BM Bx cellularity† 33 –0.408 .009

TGF-�† 35 –0.287 .048
TNF-� CD68 38 0.301 .033
TGF-� ISEL† 35 –0.287 .048
CD68 TNF-� 38 0.301 .033
BM Asp blasts LI† 32 –0.394 .013
BM Bx cellularity ISEL† 33 –0.408 .009

*n indicates number of patients; LI, labeling index; CD68, macro-
phage marker (1+ to 8+); TNF-�, tumor necrosis factor-� (1+ to 8+);
TGF-�, transforming growth factor-� (1+ to 8+); BM Asp blasts, bone
marrow aspirate blasts; ISEL, in situ end labeling (1+ to 8+); BM Bx cel-
lularity, bone marrow biopsy specimen cellularity.

†Inverse relationship.
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Table 7.
Logistic Regression Results*

Variable Degree of Staining Coefficient SE Wald �2 df P OR 95% CI

ISEL 0.62 3 .89
TNF-� 2.69 3 .44
TGF-� 10.53 3 .01

Low 1.62 0.67 5.07 1.36-18.9
Intermediate 0.12 0.78 1.12 0.24-5.21
High 1.74 0.79 5.7 1.21-26.78

CD68 3.15 3 .37

*SE indicates standard error; OR, odds ratio; CI, confidence interval; ISEL, in situ end labeling (1+ to 8+); TNF-�, tumor necrosis factor-� (1+ to
8+); TGF-�, transforming growth factor-� (1+ to 8+); CD68, macrophage marker (1+ to 8+).

LI in biopsy specimens could be explained on the basis of
hemodilution of the aspirate sample by peripheral blood.
However, even following corrections for this technical error,
biopsy-specimen LI remained almost 3 times higher in the
majority of samples, suggesting that this difference is real and
reflects a true increase in proliferative activity of hemato-
poietic cells in the BM biopsy compartment. The same has
been true for apoptosis rates, which were found to be strik-
ingly higher in the biopsy specimens of MDS patients,
whereas matched BM aspirate mononuclear cells showed
almost no apoptotic cells [25-31].We employed several meth-
ods for detecting putative but masked apoptotic cells in MDS
aspirates. First, by examining the BM aspirate mononuclear
cells following short-term cultures in complete medium for 2
to 4 hours, we found distinct DNA laddering patterns on
agarose gels [5]. Second, by carefully examining both high-
and low-density fractions of BM aspirate cells separated on a
density gradient, we found a higher apoptotic index in the
maturing high-density compartment, which had previously
been missed in studies conducted solely on the low-density
fractions [32]. Finally, we used pulse field gel electrophoresis
to detect high-molecular-weight DNA fragments in BM aspi-
rate cells of those MDS patients who showed no evidence of
apoptosis by conventional ISEL techniques or DNA ladder-
ing, and we demonstrated the presence of apoptosis in the
majority of these cases [33]. Once again, however, the apo-
ptotic index of the BM biopsy specimen continues to be dis-
proportionately higher compared to that of the aspirates,
despite short-term in vitro cultures of the latter as well as
inclusion of high-molecular-weight DNA fragments and
high-density apoptotic cells. The most logical explanation for
this remarkable increase in both proliferation and death of
hematopoietic cells in this compartment is that the concen-
tration of cells and proteins, which control these activities, is
highest in the biopsy specimens.

Several additional observations were made regarding pro-
liferative activity in MDS marrows. S-phase cells are often
simultaneously apoptotic in these patients and may account
for the ineffective hematopoiesis. Percentage of S-phase cells
consistently dropped as MDS progressed toward acquisition
of excess blasts. Within both FAB and IPSS categories, there
was an inverse relationship between LI and disease severity.
Apoptosis, on the other hand, was more consistently related
to the number of monocyte/macrophage cells in the vicinity
and was highest in hypocellular marrows. Patients with
excess blasts showed more apoptosis in maturing cells, but

almost none in the immature blasts.These observations again
indicate the importance of stromal cells such as monocytes/
macrophages as the primary source of proliferative and pro-
apoptotic signals controlling the activities of hematopoietic
cells. Not surprisingly, therefore, a strong relationship was
found between both cytokines TNF-� and TGF-� and the
number of monocytes/macrophages in the biopsy specimens.

The important observation that percentage of blasts in
BM aspirates was directly related to both TNF-� and TGF-�
suggests several possible biological effects of these cytokines.
These cytokines may be driving the proliferation of trans-
formed blasts. Alternatively, the blasts may themselves be
immune to their effects but may be responsible for enhanced
cytokine production via stimulation of stromal cells. This
effect would suppress the proliferation of normal hemato-
poietic cells, which are still sensitive to the inhibitory effects
of TNF-� and TGF-�. Excessive production of TGF-� by
BM stromal cells can have 2 serious adverse effects. First, it
causes a failure of early hematopoietic stem cells as shown in
human chronic idiopathic neutropenia [34]. Second, by stim-
ulating human type VII collagen gene, TGF-� promotes col-
lagen synthesis in fibroblasts and its deposition in the mar-
row, leading to progressive myelofibrosis [35]. Another
observation that supports the excessive production of
cytokines by stromal cells under the influence of transformed
MDS cells is that TNF-�, TGF-�, and monocyte/macrophage
cells are highly interrelated in patients without excess blasts
but lose this relationship in those who present with excess
blasts. This observation suggests a more autonomous activity
of blasts, which can nonetheless affect normal hematopoietic
cells still responsive to paracrine signals. A final possibility is
that the cytokines exert a dual effect in that they stimulate
proliferation of dividing cells and induce apoptosis in matur-
ing ones. In vivo suppression of pro-apoptotic cytokines
using TNF blocking agents and the resulting improvement in
cytopenias of some MDS patients lend support to this possi-
bility [18-20]. In a linear regression model, TGF-� was found
to be the most significant biological difference between
patients with and without excess of blasts, being considerably
higher in the former.

An equally important observation is the absence of
detectable apoptosis (46%), TNF-� (31%), TGF-� (26%),
and monocyte/macrophage cells (23%) in a substantial num-
ber of MDS patients studied (Table 2). Two explanations
among several possibilities are either that the assays used
were not sensitive enough to detect the desired property or
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that the genesis of myelodysplasia in these individuals is
mechanistically different. It is possible that these biological
differences among patients will distinguish between individ-
uals who will respond to anticytokine therapies (patients
with evidence of cytokine-mediated apoptosis) versus those
who will not (patients without detectable apoptosis, TNF-�,
or TGF-�). In the past, we have examined MDS patients who
presented with very high versus no apoptosis in their mar-
rows and have shown that the former group had a higher LI,
higher TNF-� level, and more monocyte/macrophage cells in
their biopsy specimens than the latter [36]. Correlations of
these biological parameters with the natural history of the
disease, total survival, and response to therapy need to be
undertaken in the future to understand the clinical signifi-
cance of these biological findings.

In summary, therefore, we report on the highly complex
relationship between the proliferation and apoptotic activi-
ties of hematopoietic cells and their regulation by mono-
cyte/macrophage cells belonging to the marrow stromal
compartment via the actions of 2 important cytokines,
TNF-� and TGF-�, in a large number of MDS patients.
Significant associations have been established between the
various biological parameters in this preliminary study and
have identified areas of future research in MDS. Along with
continued emphasis on TNF-�–mediated apoptosis of
hematopoietic cells in MDS, a better definition of the pre-
cise role of TGF-� in initiation and perpetuation of this dis-
ease is warranted and will likely identify novel preventive
and therapeutic strategies.
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