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ABSTRACT

Background: Although clinical and biologic parame-
ters can be used for treatment stratification of acute
lymphoblastic leukemia (ALL), none of these prognostic
factors is ideal. Measuring response to therapy as reflected
by minimal residual disease (MRD) is now considered
the most reliable prognostic parameter.

Objectives: To verify the value of MRD detection at
different time points as a prognostic parameter in precursor-
B ALL.

Patients and Methods: In this study flow cytometric
detection of MRD was performed on 97 newly diagnosed
precursor-B ALL cases (70 children and 27 adults) at day
(D) 15, D28 and/or D42. The relationship between MRD
and other clinical and biological prognostic factors was
evaluated, as well as the clinical significance of MRD
and its impact on the outcome of treatment regarding
disease free survival (DFS) and overall survival (OS).

Results: In children, MRD positivity at D15 and D28,
was significantly associated with cerebrospinal fluid (CSF)
infiltration (p=0.03 and 0.01 respectively).

At D42 MRD positivity was significantly associated
with CSF infiltration (p=0.01) and t(9;22) (p=0.045).
Patients with MRD <0.01 at D28 and D42 had significantly
better DFS (p=0.0002 and <0.0001 respectively) and OS
(p=0.02 and 0.001 respectively).

In adults, a significant association was demonstrated
between MRD D15 positivity and male gender (p=0.01)
which was lost at D28 and D42. At D15, there was a trend
for better OS in patients with MRD <0.1 (p=0.058) but
no impact on DFS, however, it achieved significance for
both at D28 (p=0.05). At D42, we demonstrated significant
influence on OS (p=0.01) and DFS (p=0.02).

Conclusions: Using flow cytometry for MRD moni-
toring is a well-suited approach for the specific detection
of minimal numbers of leukemic cells and, hence, could
help obtain a more precise and early evaluation of response

to therapy in patients with acute leukemia. A redefinition
of complete remission according to MRD status is highly
recommended.

Key Words: ALL – MRD – Flow cytometry.

INTRODUCTION

Despite recent advances in the treatment of
acute leukemia, the disease remains a major
cause of cancer-related mortality. In childhood
acute lymphoblastic leukemia (ALL) there are
still around 20% of patients who develop re-
lapse, and those who survive suffer from major
treatment related toxicities [1,2], which reflects
unadjusted treatment of the disease as a result
of the lack of accurate prediction of response
to therapy. Introducing methods for minimal
residual disease (MRD) detection has revolu-
tionized monitoring of treatment response in
acute leukemia. The prognostic significance of
MRD in childhood ALL was reported in many
studies involving newly diagnosed patients,
patients with first-relapse ALL, and those un-
dergoing hematopoietic stem cell transplant
[3,4]. It is considered the strongest prognostic
predictor both in newly diagnosed or relapsed
and in standard or intermediate risk ALL [5,6].
There is also strong evidence pointing to the
clinical significance of MRD in adult ALL [7-
9]. One of the distinctive markers of ALL cells
is the clonal rearrangement of the genes encod-
ing immunoglobulin and T-cell receptor proteins
[10]. The test is accurate and sensitive (it allows
the routine detection of one leukemic cell in
10,000 to 100,000 normal cells), however, the
complexity of its set-up limits its routine appli-
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cation. Leukemic lymphoblasts can also be
recognized by the presence of chromosomal
abnormalities and their resulting gene fusions
and transcripts, such as BCR/ABL, MLL/AF4,
TCF3/PBX1, and ETV6/RUNX1 [10]. The most
recurrent abnormalities are found in about one-
third or less of patients and allow the detection
of one leukemic cell in 1,000 to 100,000 normal
bone marrow (BM) cells by reverse transcrip-
tion-polymerase chain reaction (RT-PCR) [10].
Finally, ALL cells can be recognized by virtue
of leukemia-associated cell markers combina-
tions visualized with monoclonal antibodies
and flow cytometry (FCM) at a sensitivity of
detection of 1 leukemic cell in 10,000 normal
cells [11].

Bone marrow samples collected after a tem-
porary stop in chemotherapy, after the end of
treatment, or after hematopoietic stem cell
transplantation may contain a high proportion
of recovering immature lymphoid cells whose
morphology resembles that of ALL lymphoblasts
“hematogones” [12-15]. Therefore, morphologic
assessment of these samples is difficult and
may result in erroneous conclusions; the appli-
cation of MRD assays can clarify the identity
of the morphologically ambiguous cells. Among
MRD methods, flow cytometry is the one that
is most affected by the state of bone marrow
recovery [16]. In this regard, it is critical that
flow cytometric analysis of MRD relies on
markers that truly distinguish ALL cells from
normal cells, including lymphoid progenitors;
otherwise, the risk of false-positive MRD results
is high [17,18].

In this study we aimed to determine the
relationship between MRD and other clinical
risk factors of precursor-B pediatric and adult
ALL. We also aimed to find out the impact of
the MRD status at different time points on the
outcome of treatment regarding overall survival
(OS) and disease free survival (DFS) in precur-
sor-B ALL.

PATIENTS AND METHODS

The study was approved by the Institutional
Review Board (IRB) of the National Cancer
Institute (NCI), Cairo University and was con-
ducted according to Helsinki declaration for
studies involving human subjects. Informed
consent was obtained from all patients, patients’
parents/guardians.

Patients:
From March, 2009 to February, 2011, a total

of 97 newly diagnosed precursor-B ALL patients
were recruited from NCI. Among the 97 ALL
cases, 70 were pediatric patients including 43
males and 27 females with an age range of 2
months – <18 years with a mean of 6±5.3 and
a median of 7 years (Group I). The other 27
ALL cases were adults including 17 males and
10 females with an age range of 19-56, a mean
of 30.6±10.78 and a median of 30 years (Group
II).

Methods:
The diagnosis of ALL was based on standard

morphologic, cytochemical, immunophenotypic
and genetic studies. Flow cytometric immu-
nophenotyping of BM aspirates at diagnosis
was performed using a standard panel of anti-
bodies and analyzed on Coulter EPICS XL-
MCL flow cytometer. The monoclonal antibod-
ies panel included CD45, CD1, CD2, CD3,
CD4, CD5, CD7, CD8, CD10, CD19, CD22,
cyto-µ, k, λ, CD13, CD14, CD33, MPO, TdT,
anti class II MHC, CD56, CD38 and CD58 with
relevant isotype controls. The antibodies were
FITCI, PE, PerCP or Cy5 labelled, obtained
from Coulter Hialeah, FL; Immunotech,
Marseille, France; DACO, An Agilant Technol-
ogies company and/or/Becton Dickinson, Moun-
tain View, California.

The presence of fusion genes in ALL includ-
ing t(1;19) TCF3 (E2A)/PBX1, t(12;21) ETV6
(TEL)/RUNX1 (AML1), t(9;22) BCR/ABL and
t(4;11) MLL/AF4 was examined following the
standardized RT-PCR analysis of fusion gene
transcripts for chromosomal aberrations in acute
leukemia [19].

Patients were treated according to standard
NCI Cairo University treatment protocols
(www.nci.cu.edu.eg).

Disease free survival (DFS) and overall
survival (OS) were estimated at 27 months in
Group I and at 18 months in Group II.

Flow cytometric MRD analysis:
After initial immunophenotyping at diagno-

sis, monoclonal antibodies combinations were
used to define leukemia- associated phenotypes
(expressed on >50% of the blast cells). This
step served to define a leukemia phenotypic
fingerprint to be used in follow up samples. At
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least 2 antibodies combinations were used to
minimize pitfalls due to phenotypic switches.
The panels included:

• CD34/CD19/CD10/CD58.

• CD34/CD19/CD10/CD38.

• CD34/CD19/CD10/CD45.

• Any aberrant myeloid (CD13 or CD33) or T
markers (CD7, CD2).

• CD34/CD22/CD10/CD19: This one is helpful
to recognize hematogones by the differentia-
tion pattern.

Data acquisition was performed using the
Coulter EPICS XL-MCL flow cytometer. At
least 10,000 events were acquired and analyzed
for identification of aberrant leukemic pheno-
types at diagnosis, and at least 100,000 events
were needed for MRD measurements. A detec-
tion limit of 0.01% (10/100,000 cells) could be
achieved in most cases. MRD level was evalu-
ated at day (D) 15, D28 and D42 and classified
as negative (<0.01%) and positive (≥0.01-<0.1
and ≥0.1%). Examples of MRD detection by
Flow Cytometry are presented in Fig. (1).

Statistical analysis:

SPSS version 17.0 was used for data man-
agement and data analysis. Mean±Standard
deviation with median and range when appro-
priate described quantitative data. Parametric
and non-parametric t-tests and ANOVA were
used for comparing independent groups. Num-
bers with percentages described qualitative data.
Chi-square test and Fisher exact tested propor-
tion independence. Kaplan and Meier method
estimated overall and disease free survival and
log rank test compared survival curves. p-value,
or calculated significance level, was considered
significant at 0.05.

RESULTS

The study was performed on 97 newly diag-
nosed precursor-B ALL patients. Among the 97
ALL cases, 70 were pediatric patients including
43 males and 27 females with an age range of
2 months – <18 years with a mean of 6±5.3 and
a median of 7 years (Group I). The other 27
ALL cases were adults including 17 males and
10 females with an age range of 19-56, a mean
of 30.6±10.78 and a median of 30 years (Group
II).

Group I: 70 Pediatric precursors B ALL:
According to risk stratification, patients

were subdivided as 36 of favorable age group
(≥1-<10 years) and 34 of unfavorable age group
(<1-≥10 years).

Immunophenotyping revealed 39 common
ALL (cALL), 27 Pre B and 4 Pro B cases.
Aberrant CD33 expression was found in 7 cases
while, CD2 and CD56 were found each in 2
cases.

DNA index of 1.06-1.16 was found in 23
patients and 47 had DNA index <1.06 or >1.16.

Cerebrospinal (CSF) fluid was free in 67
cases and 3 cases had infiltration.

Molecular studies by RT-PCR revealed
t(12;21) in 8 and t(9;22) in 3 patients.

MRD level at different time points is pre-
sented in Table (1)

At D15 MRD was positive in 11/58 (19%)
patients with no CSF infiltration and in all the
3 patients with CSF infiltration, (p=0.03).

There was no significant association between
MRD and molecular studies. Neither was there
an impact of MRD status on DFS or OS (Table
2).

At D28, MRD was positive in 10/50 (20.0%)
patients with no CSF infiltration and in both
patients with CSF infiltration, (p=0.01).

There was no significant association between
MRD and molecular studies.

Patients with negative MRD had significant-
ly better DFS (p=0.0002) and OS (p=0.02) than
those with positive MRD (Table 2).

At D42, MRD was positive in 11/52 (21.2%)
patients with no CSF infiltration and in both
patients with CSF infiltration, (p=0.01).

MRD was positive in both cases with t(9;22)
and in none of the 6 cases with t(12;21)
(p=0.045).

Patients with negative MRD had significant-
ly better DFS (p<0.0001) and OS (p=0.001)
than those with positive MRD (Table 2).

Azza M. Kamel, et al. 3



There was no statistically significant asso-
ciation between MRD at D15, D28 or D42 and
age, gender, total leucocytic count (TLC), lym-
phadenopathy, hepatosplenomegaly, DNA index
or immunophenotyping.

Group II: 27 Adult precursors B ALL:

Immunophenotyping revealed 14 cALL and
13 Pre-B. Aberrant CD33 was found in two
cases and CD2 in one case. Two patients had
t(9;22).

At day 15, MRD was positive in 11/14
(78.6%) males and 2/9 (22.3%) females

(p=0.01). The significance was lost at D28 and
D42.

At D15, there was a trend for better OS in
patients with MRD <0.1% (p=0.058) but no
impact on DFS (Table 2).

At D28, at a cutoff of 0.1%; patients with
lower MRD level had significantly better DFS
and OS (p=0.05); the corresponding values at
D42 were p=0.02 and p=0.01 (Table 2).

Lymphadenopathy, hepatosplenomegaly,
TLC, immunophenotyping and molecular ge-
netics showed no significant association with
MRD.

4 Flow Cyometric Detection of Minimal Residual Disease (MRD)

Table (1): Minimal residual disease (MRD) level at different time points in precursor-B ALL.

Adults

24 16 16

9 (37.5)
3 (12.5)
12 (50)

8 (50.0)
3 (18.75)
5 (31.25)

D15

No. (%)

D28

No. (%)

D42

No. (%)

7 (43.75)
2 (12.5)
7 (43.75)

54

44 (81.5)
6 (11.1)
4 (7.4)

D42

No. (%)

Children

62

49 (79.0)
7 (11.3)
6 (9.7)

D28

No. (%)

61

31 (50.8)
20 (32.8)
10 (16.4)

D15

No. (%)

Time point

No.
MRD

level %

<0.01
>0.01<0.1
>0.1

NC: Survival estimates cannot be computed as all observations are censored.
*Only one case.

Table (2): Disease free survival and overall survival in ALL patients in relation to minimal
residual disease.

MRD level: Mean±SE

0.01-<0.1

22.8±1.3
25.4±1.04

–*
–*

20.0±4.3a

25.4±0.87

13.4±2.1
13.3±1.7a

13.8±2.1a

13.5±1.8a

14.4±1.5a

14.8±1.97a

>0.1

20.3±2.97
22.8±2.3

18.3±5.4
20.8±1

10.2±3.4b

NC

7.1±1.2
6.47±1.7b

6.1±1.1b

6.3±1.2b

5.0±1.1b

7.1±1.2b

<0.01

NC
NC

25.7±0.8
26.5±0.5

25.5±0.7a

NC

NC
NCa

14.5±2.2a

14.7±2.1a

14.1±2.3a

15.1±1.8a

p

0.299
0.22

0.0002
0.02

<0.0001
0.001

0.17
0.058

0.05
0.05

0.02
0.01

Survival
Months

Pediatrics:
Day 15

DFS
OS

Day 28
DFS
OS

Day 42
DFS
OS

Adults:
Day 15

DFS
OS

Day 28
DFS
OS

Day 42
DFS
OS



DISCUSSION

In this study flow cytometric detection of
MRD was performed on 97 precursor-B ALL
cases (including 70 pediatric patients and 27
Adults). The purpose of this study was to verify
the value of MRD detection at different time
points as a prognostic parameter in precursor-
B ALL and to demonstrate the relationship
between MRD status and other prognostic pa-
rameters. In children with ALL, measurements
of MRD provide unique information on treat-
ment response and have become a crucial com-
ponent of contemporary treatment protocols.
Flow cytometry-based assays are rapid and
provide an accurate quantification of MRD
while gaining information on the status of nor-
mal hematopoietic cells at the same time. Ab-
normal phenotype that can be used for MRD
detection could be applied in 98% of cases of
ALL with sensitivity up to 10-4. The sensitivity
of this approach depends on two main factors:
The degree of dissimilarity between the immu-
nophenotypes of leukemic cells and those of
normal cells, and the number of cells available
for study [20]. In the pediatric cohort, associa-
tions between MRD at D15, D28, and D42 post
induction and other clinical and biological risk
factors including age, gender, TLC, lymphade-
nopathy, hepatospleomegaly, molecular studies
and DNA index were of no statistical signifi-
cance. This is in agreement with other studies
[21-26], except for one that reported statistical
association between gender and MRD [27]. This
might be attributed to the different treatment
protocols or to ethnic differences. In our study,
no association was encountered between D15
MRD and OS or DFS at a cut off value of 0.01;
however it was evident at D28 and D42. This
suggests that D28 might be a good early indi-
cator of early responders. Although this is con-
sistent with another study [22], it is not in line
with others [26,28-30] The difference may be
attributed to the short follow-up period as well
as the sample size. Furthermore, these studies
included both T and B ALL in their analysis
and patients received different treatment proto-
cols. In the current study, we detected statisti-
cally significant association between MRD
positivity at D42 post induction and molecular
findings (p=0.045). This is in agreement with
some reports [23,24]. However, these issues were
not addressed in other studies [22,26]. In the
current study, we reported statistically significant
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Fig. (1): MRD Detection in precursor B ALL case (CALL)
at D15. A: Cells are gated: CD19+/CD34– (Gate G) and
CD19+/CD34+ (Gate F). B: CD19+/CD34– in Gate F are analyzed
for CD10 and CD58: Region I shows 2.2% coexpression of CD10
& CD58. C: CD19+/CD34+ cells in gate G are analyzed for
CD10 & CD58 expression, region H shows 6.5. Both populations
belong to the malignant clone as indicated by CD58 expression.
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association between MRD positivity and CSF
infiltration. These results are in concordance
with previous reports [23,24]. In the current
study, presence of MRD level of ≤0.01% at D42
post-induction had a significant impact on DFS
and OS; this is consistent with one report [22].
but not in line with others [26,28-30]. The prog-
nostic value of MRD detection in childhood
ALL was most convincingly demonstrated by
3 large prospective studies [28-30]. They con-
cluded that, flow cytometric MRD >0.1% on
day 15 bone marrow was the most powerful
early predictor of relapse. Multivariate analysis
demonstrated that the MRD level was an inde-
pendent prognostic factor with borderline sig-
nificance [26].

Campana and his team recommended that
patients with MRD at 0.1% level have to be re-
classified as high-risk group who need therapy
intensification and those with ≥1% are eligible
for allogeneic BMT in the first remission [31].

In our cohort of adult ALL, a significant
association was demonstrated between MRD
on D15 post induction and gender (p=0.01).
This was not reported in other studies [21,25].
The disagreement may be due to small sample
size, as well as studying different ethnic groups.

At a cutoff of <0.1% there was a trend
(p=0.058) for better OS at D15 but not DFS,
border line for both at D28 (p=0.05) and signif-
icantly better at D42 (p=0.01 and 0.02 respec-
tively). This is in line with other studies [32,33].

Associations between MRD at D42 post
induction and other clinical and biological risk
factors including gender, TLC, lymphadenopa-
thy, hepatosplenomegly, and molecular findings
were of no statistical significance. These results
are in agreement with other studies [21,25].

Although the clinical significance of MRD
has been studied less extensively in adult pa-
tients with ALL, there is considerable evidence
supporting its potential usefulness [25,34]. In
further work, it was claimed to be an indepen-
dent prognostic parameter in both standard- and
high-risk Philadelphia-negative ALL at a cutoff
of 0.1% [33].

In conclusion, our study has validated the
efficiency and practicability of Flow cytometry
in evaluation of MRD status. It has further
emphasized the prognostic value of MRD de-

tection. The differences encountered between
our study and others might be attributed to
different treatment protocols or different re-
sponse pattern in patients’ cohorts from different
countries. Accordingly, the time of testing and
the cutoff of MRD that could best serve as a
prognostic indicator has to be worked out in
context of the specific patient cohort and the
treatment protocols adopted. A longer follow-
up period is needed to accurately determine the
prognostic significance of MRD measurements
at different time points and using different cutoff
levels.
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ABSTRACT
Background: Hypertension is a well known risk factor

for cardiovascular and cerebrovascular events such as
heart attack, renal failure and stroke. In addition, it is
associated with earlier changes in target organ systems,
such as LVH, proteinuria and carotid atherosclerosis,
which are grouped under the term of “target organ damage”
(TOD). There are many processes involved in the patho-
genesis of TOD and some of these are endothelial dys-
function, platelet activation and increased thrombogenesis.

Aim of the Work: This study aimed to study the Level
of expression of P-selectin (CD62p) and Annexin V as
platelets activation markers in hypertensive patients as
compared to control group, and comparison between the
levels of these markers in hypertensive patients with and
without vascular complications aiming at early detection
of vascular complication in hypertensive patients.

Patients and Methods: Our study included 50 patients
divided into two groups:

Group I: 20 patients suffering from hypertension
without vascular complication. Group II: 30 patients
suffering from hypertension with vascular complication
which had renal, cardiac, cerebral and retinal affection.
Also, 20 apparently healthy adults were chosen as control
group. Patients were subjected to: Detailed history taking
and clinical examination with emphasis on duration of
disease and presence of complications. In the present study
we investigated the levels of P-selectin (CD62p) and
Annexin V expression on platelets by flow cytometry
technique in patients with hypertension and control groups
and compared the test characteristics of these markers.
We also investigated the relation between P-selectin
(CD62p) and Annexin V expression and various parameters;

Results: A highly statistically significant increase in
CD62p mean florescent intensity was detected in all
hypertensive patients (without and with complication)
compared with control group (p<0.001 and p<0.0001). A
significant increase in CD62p mean florescent intensity
in hypertensive patients with vascular complications
compared to patients without vascular complications
(p<0.05). A highly statistically significant increase in
Annexin V mean florescent intensity was encountered in
all hypertensive patients (without and with complication)
compared with control group (p<0.01 and p<0.001), and
in hypertensive patients with compared with patients

without vascular complications (p<0.05). The results also
showed significant correlation between (CD62p) mean
florescent intensity and Annexin V mean florescent intensity
in hypertensive patients with vascular complications groups
only. CD62 and Annexin V did not correlate with creatinine,
triglycerides, total cholesterol, serum LDL cholesterol or
HDL cholesterol in any of the studied groups.

Conclusion: The results of the present study support
that activation of platelets in all hypertension patients is
accompanied by high expression of P-selectin (CD62p)
and Annexin V which is significantly associated with
vascular complications. Hence, vascular complication
may be predicted by an increase in the expression of these
markers. The use of anti-platelet treatment in low-risk
hypertensive patients and its effect on these markers needs
to be investigated in long-term clinical outcome studies.

Key Words: Hypertension – CD62p – Annexine (V) –
Vascular complication.

INTRODUCTION

Hypertension is a chronic medical condition,
in which the blood pressure is chronically ele-
vated. It is referred to as systemic arterial hy-
pertension [1]. Hypertension is a well known
risk factor for cardiovascular and cerebrovas-
cular events such as heart attack, renal failure
and stroke. In addition, it is associated with
earlier changes in target organ systems, such
as LVH, proteinuria and carotid atherosclerosis,
which are grouped under the term of “target
organ damage” (TOD). There are many process-
es involved in the pathogenesis of TOD and
some of these are endothelial dysfunction, plate-
let activation and increased thrombogenesis [2].

There is evidence that platelets and the en-
dothelium, which both get activated in hyper-
tension, have a crucial role in the increased
thrombotic tendency seen in hypertension [3].
Abnormalities in platelet function may account
for the pathogenesis and complications of throm-
botic events associated with hypertension. Sev-
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eral studies have reported that hypertensive
patients show endothelial dysfunction and plate-
let hyperactivity and there is a positive linear
relation between blood pressure and predispo-
sition to platelet aggregation [4].

Platelets play a key role in arterial thrombo-
sis and acute vascular events. Activated platelets
translocate and secrete P-selectin from their
alpha granules. Once exposed on activated
platelets, P-selectin on platelets interacts with
leukocytes and then induces inflammatory sig-
nals to potentiate vascular injury [5]. P-selectin
is an adhesion molecule located in the platelet
alpha granules and Weibel-Palade body of en-
dothelial cells. P-selectin mediates the rolling
of blood cells on the surface of the endothelium
and initiates the attachment of leukocytes cir-
culating in the blood to platelets, endothelial
cells, and other leukocytes at sites of tissue
injury and inflammation [6]. In addition, P-
selectin induces the expression of tissue factor
on monocytes, thus initiating the blood coagu-
lation cascade.  It also mediates fibrin deposition
in the growing thrombus, and induces superox-
ide anion production by neutrophils and mono-
cytes. It also regulates production of platelet
activating factor and phagocytosis by monocytes
[7]. Soluble P-selectin (sP-selectin) is a biomar-
ker for platelet/endothelial activation and is
considered a risk factor for vascular disease [8].

One of the most important signals accompa-
nying platelet activation is the increase in intra-
cellular calcium; annexins are highly conserved
calcium-binding proteins, of which Annexin V
is the major annexin in human platelets. The
annexins are a family of proteins first described
in 1990. All of the annexin proteins share the
property of binding calcium and phospholipids.
Annexin V has proven very useful as a marker
for apoptosis and platelet activation [9].

Circulating Annexin V can be released from
the cells of the vascular wall (endothelial cells,
smooth muscle cells) or from secretor cells of
the spleen and liver. Once it is in the plasma,
it binds to blood cells (platelets and erythrocytes)
or to endothelial cells [10].

Abnormalities in platelet function, endothe-
lial function, and thrombotic markers have all
been described in hypertension. Abnormal plate-
let aggregation, along with increased plasma
markers of platelet activation, is also present
in nonhypertension [11].

The aim of this work was to study the Level
of expression of P-selectin (CD62p) and An-
nexin V as platelets activation markers in hy-
pertensive patients as compared to control group,
and comparison between the levels of these
markers in hypertensive patients with and with-
out vascular complications aiming to evaluate
its potential value for early detection of vascular
complications in hypertensive patients.

PATIENTS AND METHODS

Subjects:
This study was conducted on 50 patients

with hypertension chosen from those attending
Internal Medicine Department and Internal
Medicine Clinic in AI-Zahraa University Hos-
pital. They were 27 females (54%) and 23 males
(46%) with an age ranging from 49 to 74 years
old (Mean=60.24±7.25, Median=59). patient
consider as hypertensive when either the systolic
or the diastolic blood pressure value is >140/90
mmHg upon repeated sphygmomanometer mea-
surements in the physician’s office [12]. Twenty
apparently healthy volunteers with matched age
and sex were enrolled in the study as control
group. They were 11 females (55%) and 9 males
(45%). Cases with chronic inflammatory dis-
ease, infection, malignancy, Diabetes Mellitus,
Smoking, and cardiac diseases due to causes
other than hypertension were excluded.

The studied cases were divided into two groups:
Group I: Twenty patients suffering from

hypertension without vascular complication.
They were 13 females (65%) and 7 males (35%)
with an age ranging from 49 to 60 years old
(Mean=54±6, Median52).

These patients had no evidence of cardiac,
retinal, cerebral, or renal affection.

Group II: Thirty patients suffering from
hypertension with vascular complication who
had renal, cardiac, cerebral and/or retinal affec-
tion. They were 14 females (46.7%) and 16
males (53.3%) with age ranged from 55-74
years old (Mean=67±7, Median62).

All patients and control were subjected to
thorough history taking and complete clinical
examination with emphasis on duration of dis-
ease, and presence of complications.

Sample collection:
Fasting sample: About 10ml of venous blood

were withdrawn under sterile conditions in a
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plastic syringe. The blood samples were divided
into three parts:
1- Two ml added to (EDTA) tube for complete

blood count (CBC) done using fully auto-
mated cell counter (Sysmix, Germany).

2- Five ml was left to clot and the serum was
separated. Serum creatinine and lipid profile
(triglyceride, HDL-Cholesterol, total choles-
terol) were done using chemical auto analyz-
er (cobas 411) Germany and kits supplied
by Roche Diagnostic Kits according to man-
ufacture instructions.

3- The third part of blood sample (2.7ml) were
added to 300µl 3.2% trisodium citrate and
centrifuged immediately at low speed (100g)
for 10 minutes using a cooling centrifuge
for separation of platelet rich plasma (PRP)
for isolation of fresh platelets for immu-
nophenotyping.

Flow Cytometric Measurement of CD62p
and Annexin V:

Platelet rich plasma was subsequently cen-
trifuged at high speed (1000Xg) for 10 minutes
with Phosphate buffered saline (PBS) to obtain
washed platelets. Platelet pellet was washed
twice and then re-suspended in an equal volume
of 1% paraformaldehyde. Fifty µl of platelet

suspension were stained with a combination of
10µl of Fluorescein isothiocyanate (FITC) con-
jugated anti CD62p (P-selectin); Kit supplied
by BD Biosciences Pharmingen™ and 5µl Phy-
coerythrin (PE) conjugated anti Annexin V
produced by BD Biosciences Pharmingen™.
Iso type negative control (PE and FITC) was
obtained from BD Biosciences Pharmingen™.
The mixture was incubated in dark room for 30
minutes; they were resuspended in 200µl phos-
phate buffer saline (PBS) and centrifuged at
1300g for 5 minutes for analysis to be done.
Data acquisition and analysis were performed
on cell quest program of the FACSCAN, BEK-
TON DICKENSON flow cytometry. Gating on
platelets, 10000 events were acquired and sta-
tistical analysis was done by cell quest software.
Results were expressed as mean florescence
intensity (Figs. 1,2).

Statistical analysis:
Data was analyzed by Microsoft office 2003

(excel) and (SPSS) computer program (version
16). Parametric data was expressed as Mean±
SD. Spearman correlations coefficient was used
to test the relationship between various vari-
ables. Significant difference was considered
when p-value <0.05, p-value<0.01 is considered
highly significant [13].

Fig. (1): CD62 and Annexin V expression on platelets from a case of hypertension with vascular complications.
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RESULTS

The results of serum creatinine and lipid
profile are presented in Table (1). The values
of the different parameters in hypertensive cases
without vascular complications were comparable
to control group (p>0.05). HDL cholesterol
values were comparable in all groups (p>0.05).
Serum creatinine, triglycerides, total cholesterol
and LDL cholesterol was significantly higher
in hypertensive patients with vascular compli-
cations compared to control group p<0.0001
and compared to hypertensive cases without
vascular complication p<0.001.

CD62 and Annexin V expression on the
platelets of the different groups are presented
in Table (2). The mean florescent intensity of
both markers was found to be significantly
higher in hypertensive cases as compared to
control as well as in hypertensive patients with
vascular complications as compared to those
without vascular complication.

A significant increase in CD62p mean flo-
rescent intensity was detected in all hypertensive

patients (without and with complication) com-
pared with control group (p<0.001 and p<
0.0001). A significant increase in CD62p mean
florescent intensity in hypertensive patients
with vascular complications compared to pa-
tients without vascular complications (p<0.05).
A highly statistically significant increase in
Annexin V mean florescent intensity was en-
countered in all hypertensive patients (without
and with complication) compared with control
group (p<0.01 and p<0.001), and in hypertensive
patients with vascular complication compared
with patients without vascular complications
(p<0.05).

Figures (3,4) represents Study of Correlation
coefficient “r” between CD62p and Annexin V
mean florescent intensity, Patients without vas-
cular complication showed no correlation “r”
0.185, p>0.05*, Correlation was encountered
in hypertensive patients with vascular compli-
cation “r” 0.385, p<0.05*. No correlation was
encountered between CD62 or Annexin V and
the other parameters in the studied groups.

Fig. (2): CD62 and Annexin V expression on platelets from a case of hypertension without vascular complications.

NAME: CASE 13 Positive (Hypertension without vascular complication).

104

103

102

101

100

A
nn

ex
in

 P
E

13_CD62p_Annexin V23_3_11.017

100 104103102101

CD62p FITC

File: 13_CD62p_Annexin V 23_3_11.017
Gated Events: 10000
Gate: No Gate
Total Events: 10000

% Total% GatedEvents

1566
808
5788
1838

X MeanQuad

UL
UR
LL
LR

15.66
8.08
57.88
18.38

15.66
8.08
57.88
18.38

7.40
44.17
5.57
37.06

C
ou

nt
s

CASE8_CD62p, ANN_1_2011.183

100 104103102101

P-selectin FITC

50

40

30

20

10

0

C
ou

nt
s

100 104103102101

Annexin V PE

50

40

30

20

10

0

CASE8_CD62p, ANN_1_2011.183



Maha Aqle, et al. 13

*Mean florescent intensity±SD.
p1: Hypertensive patients without vascular complications vs. control group.
p2: Hypertensive patients with vascular complications vs. control group.
p3: Hypertensive patients with vs. Hypertensive patients without vascular complications.

Table (2): P-selectin (CD62p) and Annexin V mean fluorescent intensity expression on platelets of hypertensive patients
with and without vascular complications and control group.

p-value

p1<0.01

p2<0.001

P3<0.05

Annexin V

15.44±0.78*

19.34±1.01

7.47±0.95

p1<0.001

p2<0.0001

P3<0.05

p-value

Hypertensive patients without
vascular complications.

Hypertensive patients with
vascular complications.

Control group.

Study group No.

20

30

20

17.98±0.91*

24.06±0.93

6.29±1.01

CD6p

Fig. (3): Correlation coefficient “r” 0.185, p>0.05* between
CD62p and Annexin V in hypertensive patients
without vascular complications.
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Fig. (4): Correlation coefficient “r” 0.385, p<0.05 between
CD62p and Annexin V in hypertensive patients
with vascular complications groups.
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DISCUSSION

In hypertension, the delicate balance between
the vasodilators and the vasoconstrictors is
upset, leading to changes that then take place
in the vascular beds, There is also increasing
evidence that platelets and the endothelium,

both get activated in hypertension, The main
complications of hypertension (that is, myocar-
dial infarction and stroke) are paradoxically
thrombotic in nature rather than hemorrhagic-
“The thrombotic paradox of hypertension”.
Certainly, increasing clinical and laboratory
evidence suggests that hypertension per se may

Table (1): Creatinine and lipid profile in hypertensive patients with and without vascular complications and control group.

p1: Hypertensive patients without vascular complications vs. control group.
p2: Hypertensive patients with vascular complications vs. control group.
p3: Hypertensive patients with vascular complications vs. hypertensive patients without vascular complications.

20
0.87±0.28*
115.37±32.55
107.63±30.04
52.66±21.12
31.42±8.38

30
4.65±4.66
172.37±95.73
199.73±44.70
143.30±54.55
28.09±5.81

Hypertensive cases:
Vascular complication

Absent Present

No.
Creatinine (mg/dl)
Triglycerides (mg/dl)
Total cholesterol (mg/dl)
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)

Parameter Control

20
0.79±0.27
109.1±33.45
90.70±27.11
47.40±20.53
31.30±9.76

p1

>0.05
>0.05
>0.05
>0.05
>0.05

p2

<0.0001
<0.0001
<0.0001
<0.0001
>0.05

p3

<0.001
<0.001
<0.001
<0.001
>0.05



was obviously higher than that in essential
hypertension Grade I group. Preston et al., [21]
also reported that platelet CD62 demonstrated
a strong and graded association with both sys-
tolic and diastolic BP; that association persisted
in the presence of multiple concomitant risk
factors. They reported, as well, that platelet
activation and platelet CD62 expression increase
in a BP-dependent manner and this relationship
persists at extreme levels of BP. They concluded
that Platelet activation and platelet CD62 may
participate in the accelerated target organ injury
observed in high risk patients with severe hy-
pertension.

In the current study, the mean values of
Annexin V mean fluorescent intensity expres-
sion was higher in hypertensive patients with
or without vascular complications compared
with control group. These findings are in agree-
ment with previous study [17]. Also Sinning et
al., [22] reported that Annexin V is increased in
patients with cardiovascular risk factors and
impaired coronary endothelial function and that
this elevation is associated with many cardio-
vascular risk factors, such as hypertension,
obesity, hyperlipoproteinaemia, and diabetes.

In the current study, the mean value of An-
nexin V mean florescent intensity expression
was higher in hypertensive patients with com-
pared to patients without vascular complications.
This finding is in agreement with that reported
by Huang et al., [23] who reported that hyper-
tensive patients with microalbuminuria or mac-
roalbuminuria had significantly increased An-
nexin V which may contribute to atherosclerotic
disease progression and enhanced cardiovascular
risk in hypertensive patients with nephropathy.

Chen et al., [24] reported increased levels of
Annexin V, endothelial MPs (EMP) and platelet-
derived MPs (PMPs), in diabetics with or with-
out hypertension. Ravassa et al., [25] reported
that myocardial Annexin V upregulation is
associated with hypertensive heart disease
(HHD) and impairment of systolic function in
hypertensive patients; this association being
independent of apoptosis. They concluded that
Plasma Annexin V can be a marker of myocar-
dial Annexin V up regulation and systolic dys-
function in patients with HHD.

Our study showed that there was no signif-
icant difference in serum triglycerides, total

14 Role of Platelet Activation Markers CD62p & Annexine (V)

confer a prothrombotic or hypercoagulable state,
with abnormalities of coagulation, platelets,
and the endothelium [14].

Platelets are activated by a large number of
agonists that are released in the circulation
during some pathologic conditions (e.g. hyper-
tension and diabetes mellitus). Platelet activation
and aggregation is involved in the development
of hypertension in different ways. Indeed, upon
activation, platelets change shape, release a
number of autocrine factors that stimulate their
adhesion to endothelial cells and the formation
of blood clot. P-selectin and Annexin V have
been proposed as useful biomarkers in various
pathologic states in which platelets and/or en-
dothelial cells are activated [15]. Hyperactive
platelets may lead to capillary microembolisa-
tion secondary to the formation of microaggre-
gates [16].

This study was conducted to compare the
level of expression of P-selectin (CD62p) and
Annexin V as platelets activation markers in
hypertensive patients and control group, and to
compare between the level of expression of
these markers in hypertensive patients with and
without vascular complication aiming to early
detection of vascular complication in hyperten-
sive patients.

In the current study, the mean value of
CD62p expression were higher in hypertensive
Patients without vascular complications com-
pared with control group. There was highly
significant increase in CD62p mean florescent
intensity in hypertensive patients with vascular
complications compared to control group. These
findings were in agreement with several studies
[17,18]. Stumpf et al., [19] found that Patients
with mild arterial hypertension (AH) showed
significantly enhanced expression of platelet
P-selectin and concluded that platelets seem to
play a significant role in mediating inflammation
in AH, which could lead to target organ injury.

In the current study, the mean value of
CD62p expression was higher in hypertensive
patients with compared to patients without
vascular complications. This finding is in agree-
ment with that of Yang et al., [20] who reported
that the expression of CD62p in essential hy-
pertension group was higher than the control
group, and the level of the expression of CD62p
in essential hypertension Grade II & III groups



cholesterol, LDL cholesterol or HDL cholesterol
in hypertensive patients without vascular com-
plications compared to control group, but that
there was significant increase in serum level of
triglycerides, total cholesterol and LDL choles-
terol in hypertensive cases with vascular com-
plications compared to control group, These
results are in agreement with Alexandru et al.,
[26] who reported that hypertension is associated
with hypercholesterolemia (cholesterol and
triglyceride) that induces major changes in
morphology and signaling mechanisms operat-
ing in blood platelets  that enhanced platelet
activation and aggregation in cardiovascular
disease.

Our work showed that there was no signifi-
cant correlation between CD62p, Annexin V
and any of the other parameters (triglycerides
level, total cholesterol, HDL cholesterol or LDL
cholesterol) in all studied groups This is against
the results obtained by Pawelczyk et al., [27]
who observed a significantly higher CD62p
expression and percentage of CD62p-positive
resting and thrombin-activated platelets in the
hyperlipidemia as compared to the normolipi-
demia group. This contradictory result may be
due to the small number of cases in our study.

In this study there was significant correla-
tions between CD62p mean florescent intensity
and Annexin V mean florescent intensity in
hypertensive patients with vascular complication
but no correlation found in hypertensive patients
without vascular complication. The present
findings suggested that enhanced Platelet acti-
vation and platelet CD62 and Annexin V may
participate in the accelerated target organ injury
observed in high risk patients with uncontrolled
hypertension.

Most clinical events associated with hyper-
tension have a thrombotic component, and there
have been several reports on platelet activation
in hypertensive patients [28,29]. Our results for
CD62p, and Annexin V support the findings in
these reports.

Conclusion:
The results of the present study support that

activation of platelets in all hypertension patients
is accompanied by high expression of P-selectin
(CD62p) and Annexin V which may induce
hypercoagulability in hypertensive patients and
significantly associated with vascular compli-

cations and hence, vascular complication may
be predicted by an increase in the expression
of these markers. The use of anti-platelet treat-
ment in low-risk hypertensive patients and its
effect on these markers needs to be investigated
in long-term clinical outcome studies.
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ABSTRACT

Background: BCR-ABL expression is the whole mark
of chronic myeloid leukemia (CML). It results in consti-
tutive activation of signal transducer and activator of
transcription (STAT) and essentially bypasses cytokine
or growth factor-dependent activation of STAT5.

Methods: We investigated the state of STAT5 phos-
phorylation (pSTAT5) in relation to CML disease stages
as a possible indicator of BCR/ABL tyrosine kinase activ-
ity. The study was conducted on 39 CML patients including
17 males and 22 females; 22 patients were in chronic
phase (Group I) and 17 were in accelerated phase or blastic
crisis (Group II). Patients were divided into 3 risk groups
according to Hasford score: Low, Intermediate and High.
pSTAT5 was measured using Flow Cytometry; its expres-
sion was evaluated in relation to various hematological
and clinical parameters.

Results: pSTAT5 was expressed in all cases tested.
The level was statistically significantly higher in advanced
phases than in the chronic phase (p=0.006). CD34+ve
cells % was 1.74±1.61% and 21.3±20.4% in Group I and
II respectively (p=<0.001). All CD34 positive cells were
pSTAT5 positive. CD34-ve cells were pSTAT5-ve (<10%)
in 8/22 and 5/17 patients in Group I and II respectively.
pSTAT5% expression was significantly higher in Group
II as compared to Group I (56.4±27.6% vs. 33.9±21%
respectively; p=.006). pSTAT5% expression showed sig-
nificant +ve correlation with both peripheral blood and
bone marrow blast percentage (r=0.39 and 0.37; p=0.017
and 0.02 respectively). No correlation was encountered
between pSTAT5 expression on one side and age, Hasford
score or duration of chronic phase on the other side.

Conclusions: The level of expression of pSTAT5 is
higher in advanced phases of CML reflecting a higher
tyrosine kinase activity of the BCR/ABL chimeric protein.
This might help making therapeutic decisions.

Funding: The study was supported by Cairo Univer-
sity.

Key Words: Chronic myeloid leukemia (CML) – Signal
transducer and activator of transcription 5
(STAT5) – pSTAT5 – CD34.

INTRODUCTION

Chronic myeloid leukemia (CML) was prob-
ably the first form of leukemia to be recognized
as a distinct entity. The natural history of CML
includes three distinct phases, the chronic phase,
the accelerated phase and the blastic phase;
CML typically presents in the chronic phase
[1].

It is generally believed that CML develops
when a single, pluripotent, hematopoietic stem
cell acquires a Ph chromosome carrying the
BCR-ABL fusion gene, which confers on its
progeny a proliferative advantage over normal
hematopoietic elements and thus allows the Ph-
positive clone gradually to displace residual
normal hematopoiesis [2,3].

It soon became clear that the BCR-ABL
oncoprotein itself is the best molecular target
presented by CML cells because it is not ex-
pressed by normal cells. Furthermore, the dis-
section of the signal transduction pathways
affected by the deregulated kinase activity of
BCR-ABL provided information on additional
or alternative signaling steps that could be
interrupted in an attempt to eliminate the onco-
genic effect of BCR-ABL [4]. BCR/ABL is not
only diagnostic but also pathogenic in CML [5],
although the translocation itself may not be
sufficient to cause leukemia [6,7].

The JAK/STAT pathway is the principal
signaling mechanism for a wide array of cytok-
ines and growth factors [8]. STAT5 plays an
important role in hematopoiesis [9]. It has been
implicated to play an important role in prolifer-
ation, differentiation and protection against
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apoptosis during hematopoiesis. In addition, it
is thought that STAT5 plays an important role
in early myeloid differentiation [9,10] and to
regulate survival in mature myeloid cells. STAT5
has also been implicated in myeloid differenti-
ation induced by IL-3, G-CSF, and GM-CSF
[11-13].

In this study, we investigated pSTAT5 ex-
pression in relation to CML disease stages as
a possible indicator of BCR/ABL tyrosine kinase
activity.

PATIENTS AND METHODS

Patients:
The study was conducted on 39 CML pa-

tients including 17 males and 22 females with
an age range of 19-79, a mean of 39.88±15 and
a median of 41.5 years. Twenty two patients
were newly diagnosed cases in chronic phase
(Group I) and 17 were in accelerated phase (4
cases) or blastic crisis (13 cases) (Group II).
All patients presented to the Medical oncology
Department of the NCI, Cairo University in the
period 1999-2009. The study was conducted
between February 2008 and December 2009 at
the Bone Marrow Transplantation Lab Unit,
Clinical Pathology Department, NCI, Cairo
University.

The Study was conducted according to Hel-
sinki declaration; it was approved by the NCI
ethical committee and written informed consent
was obtained from all patients.

Methods:
Patients were diagnosed as CML and stages

defined according to the WHO classification of
myeloid neoplasms [1]. Patient's files were
revised to obtain data at diagnosis and newly
diagnosed patients were followed-up for a period
of 5-18 months. Patients were divided into 3
risk groups according to Hasford score: Low
risk group: Score ≤780, Intermediate risk group:
Score 781-1480 and High risk group: Score
>1480. The score value for individual patients
was calculated by accessing the website
www.pharmacoepi.de [14]. Hasford score was
available for 37 patients including 21 in Group
I and 16 in Group II.

Cases were subjected to full history and
clinical examination including organomegaly
and lymphadenopathy. Routine investigations
included abdominal ultrasound, complete blood

picture, bone marrow (BM) aspiration, Leuko-
cyte Alkaline Phosphatase (LAP) score, con-
ventional karyotyping, and detection of BCR/
ABL by RT-PCR. Immunophenotyping using
monoclonal antibodies and analyzed on Coulter
XL Flow Cytometer was performed for cases
in blastic crisis.

Evaluation of STAT5 phosphorylation (pSTAT5):
Analysis of pSTAT5 was performed on ED-

TA BM samples using double labeling with
CD34 PE for direct surface staining and purified
antimouse pSTAT5 for indirect intracytoplasmic
staining [15].

The intracellular pSTAT5 was performed
after fixation and permeabilization using purified
monoclonal antibodies followed by FITC-
conjugated secondary antibody. The antibodies
used are purified mouse anti-human phospho-
rylated STAT5 (clone 47) obtained from BD
Biosciences (cat.No.611964) and PE-conjugated
mouse anti-human CD34 monoclonal antibody
(clone 563) obtained from BD Biosciences
(cat.No.550619). FITC-conjugated polyclonal
goat anti-mouse IgG obtained from BD Bio-
sciences (cat.No.555988) served as a secondary
antibody for mouse anti-human phosphorylated
STAT5. Isotype control included mouse IgG2b/
PE for CD34 staining and, as a negative control
for indirect staining, FITC-conjugated secondary
antibody was only added with no primary anti-
body.

Analysis of the samples was done using
Coulter XL (Hialeah) flow Cytometer.

Results were expressed as percentage posi-
tivisty of pSTAT5 in the CD34+ve and CD34
-ve population as well as florescent ratio (FR)
by dividing the channel number of the test by
the channel number of the isotype (Figs. 1-3).

Statistical methods:
SPSS (Statistical package for social sciences

version 17.0) was used for data analysis. Mean
and standard deviation were estimates of quan-
titative data and median with range for non-
normally distributed sets. Non-parametric t-test
(Mann Whitney test) was used for comparison
of means of two independent groups (Group I
and II). Chi-square or Fischer exact tests
checked the hypothesis of proportion indepen-
dence. Non-parametric correlation analysis
“Spearman rho” was used to test association.
p-value is significant when ≤0.05.
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RESULTS

The patient cohort included 22 CML cases
in chronic phase (Group I) and 17 in blastic
crisis or accelerated phase (Group II). The latter
group included 4 patients in blastic crisis at
presentation. The duration of the chronic phase
in the remaining 13 patients ranged between 3-
96 with a mean of 46.5±26.8 and a median of
12 months. There was no statistically significant
difference in the pSTAT5 findings between
patients in accelerated phase (4 cases) and those
in blastic crises (13 cases); hence they were
dealt with as one group in further statistical
analysis.

Comparison between Group I and Group II
regarding hematological parameters is presented
in Table (1). The blasts % was significantly
higher in Group II both in PB and BM. Eosino-
phils % was significantly higher in Group II in
the BM, while Hb % and PB granulocytes %
were significantly higher in Group I.

Hasford risk stratification for the two pa-
tient's groups revealed 8/21 (38.1%) low, 8/21
(38.1%) intermediate and 5/21 (23.8%) high
risk in Group I as compared to 4/16 (25%), 8/16
(50%) and 4/16 (25%) in Group II; the difference
is statistically insignificant.

CD34 expression and the phosphorylation
status of STAT5 are presented in Table (2).
CD34 expression was higher in Group II than
in Group I. All CD34+ve cells expressed
pSTAT5. The pSTAT5% was significantly higher
in patients in the accelerated phase or blastic
crisis (Group II) than those in the chronic phase
(Group I); however the florescent ratio was
comparable in both groups. CD34-ve/pSTAT5
+ve% was higher in Group II than in Group I
but the difference did not achieve statistical
significance.

pSTAT5 % and pSTAT5 FR were comparable
among patients in the three Hasford risk groups
(Table 3).

Correlations between pSTAT5 expression
and different variables:

A statistically significant positive correlation
was encountered between pSTAT5 % and both
BM and PB blasts % (r=0.37, p=0.02 & r=0.39,
p=0.017 respectively) while a statistically sig-
nificant negative correlation was encountered

Fig. (1): Co-expression of CD34/STAT5p in a CML case
in chronic phase.

Fig. (3): Histogram showing the overlay of PSTAT5 on
the isotypic control.

Fig. (2): Co-expression of CD34/STAT5p in a CML case
in blastic crisis.
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between pSTAT5 % and granulocytes % in BM
and PB (r=–0.438, p=0.005 and r=–0.435,
p=0.007 respectively). A near significant posi-
tive correlation between pSTAT5% and Hasford
score was encountered in the 37 patients (r=0.29,
p=0.08). A fair positive correlation between
pSTAT5% and Hasford score was encountered

in Group II patients (r=0.28) although the p-
value was statistically insignificant (0.28).

No correlation was encountered between
CD34–ve/pSTAT+ve % on one side and any of
the hematological or clinical parameters on the
other side.
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Mean±SD, (range).

Table (1): Hematological parameters of 39 CML patients in relation to disease stage.

Parameter

Peripheral blood:
TLC x 109/L
Hb g/dl
Platelets x 109/L
Blasts %
Basophils %
Eosinophils %
Granulocytes %

Bone marrow:
Blasts %
Basophils %
Eosinophils %
Granulocytes %

*Mean±SD, (range).
§FR: Fluorescent ratio.

Table (2): CD34 and pSTAT5 expression in 39 CML patients.

Group I†
No. 22Parameter p

value

CD34%

pSTAT5%

pSTAT5 FR§

CD34-ve/pSTAT5+ve %

Group II‡
No. 17

1.74±1.61
0-7

33.85±21.05
2-75

13.32±10.89
1.48-46.03

23.35±22.46
0-75

All patients
No. 39

10.27±16.55*
(0-86)

43.66±26.32
(2-97)

(1.48-46.03)
13.82±10.64

28.64±26.87
(0-97)

21.32±20.42
0-86

56.35±27.58
14-97

14.47±10.61
2.67-39.74

35.18±30.94
2-97

<0.001

0.006

0.74

0.19

Table (3): pSTAT5 expression in 37 CML patients in relation to risk groups according
to Hasford score.

pSTAT5 %

39.6±31.7 (2-90)*

45.1±23.2 (6.8-88)

45.2±30.1 (20-97)

43.4±27 (2-97)

0.79

pSTAT5 FR†

15.7±12.5 (1.5-46)

12±8.5 (2.5-27.8)

13±8.6 (4.7-27.2)

13.4±9.8 (1.5-46)

0.76

No.

12

17

8

37

Low

Intermediate

High

Total

p-value

Risk group

*Mean±SD, (range).
†FR: Fluorescent ratio.

: Chronic phase.
: Accelerated phase and blastic crisis.

†Group I
‡Group II

p
value

0.26
0.003
0.21
0.001
0.2
0.46
0.001

0.001
0.06
0.001
0.65

Group II
No=17

118.98±128.11 (2-550)
7.7±1.46 (4.1-10.4)
305.18±297.92 (12-949)
20.06±21.27 (1-95)
5.256±5.66 (3-23)
2.52±1.62 (0-6)
46.52±22.04 (3-87)

27.78±20.66 (0-9)
7.72±7.77 (0-33)
4.33±3.82 (0-17)
38.77±23.36 (2-78)

Group I
No=22

157.5±81.9 (5.2-322)*
9.4±1.8 (6.3-12.5)
415.1±241.1 (125-988)
2.91±2.79 (0-10)
4.31±3.30 (0-14)
2.95±1.86 (0-6)
77.04±9.53 (60-91)

2.5±2.29 (0-9)
2.52±2.29 (0-9)
3.78±3.84 (0-18)
76.83±12.59 (46-90)



DISCUSSION

Leukemogenesis in CML is a complex and
incompletely understood process wherein BCR-
ABL plays a central role as it influences a large
number of signal transduction routes in parallel.
Most signal transduction pathways that are
involved in the pathogenesis of CML converge
at the level of transcription factors, like STAT
proteins and C-MYC, and BCL-2 family. These
proteins all act synergistically to induce prolif-
eration, while promoting cell survival [16].

STAT proteins are known to be regulated by
cytokine receptors and are critical for driving
transcription necessary for growth, survival,
and differentiation of hematopoietic cells. Ex-
perimental evidence indicates that BCR-ABL
activates predominately STAT5 and to a lesser
extent STAT3 and STAT1. BCR-ABL may ac-
tivate STAT5 by direct phosphorylation or via
phosphorylation by JAK2 [18].

We have investigated the pSTAT5 in 39
patients. pSTAT5 was detected by flow cytom-
etry in all BM samples from CML patients either
in chronic or advanced cases in all CD34+ve
cells indicating constitutive activation of STAT5
in CML progenitor cells. Gutierrez-Castellanos
et al., [19] determined pSTAT5 in 27 CML pa-
tients including 11 in chronic, 6 in accelerated
and 10 in blastic crisis phase. In their study 19
patients (70.3%) were positive for pSTAT5.
Frequency of pSTAT5 was higher in patients in
blastic crisis (100%) than in patients in accel-
erated phase and chronic phase (66.6 and 45.3%,
respectively, p=0.022). However they tested
pSTAT5 by immuneprecipitation and western
blotting; the CD34+ve cells in the chronic phase
which are pSTAT5+ve are too few to reach the
detection limit of this technique. In their work
they tested for the pSTAT5 in CD34+ve cells
by confocal microscopy but only in the cases
that were positive by western blot.  In spite of
the difference in the technique, our findings are
matching theirs with regards to the significantly
higher expression of pSTAT5 in advanced phases
(blastic crisis and accelerated phase) than in
chronic phase (p=0.006). In agreement with our
results; Horita et al., [20] showed that all CML
patients included in their study had pSTAT5
independent of disease stage.

An increase in BCR-ABL level is seen in
advanced-phases of CML; blast phase is accom-

panied by an increase in both BCR-ABL mRNA
and protein level and this increase is accompa-
nied by increased tyrosine kinase activity of
the BCR-ABL protein [16]. In view of our find-
ings related to lower levels of pSTAT5 in chronic
phase than in blast crisis, it is suggested that
pSTAT5 may be taken as an indicator of BCR-
ABL kinase activity.

In our study, pSTAT5 was expressed in 100%
of CD34+ cells. In agreement with these results,
Gutierrez-Castellanos et al. [19] demonstrated
pSTAT5 in CD34+ cells in CML patients at
different disease stages; however they tested
only those cases that were positive by western
blot.

Also other studies showed evidence of con-
stitutive STAT5 and/or STAT1 activity in BCR/
ABL- positive cell lines, peripheral-blood sam-
ples from CML patients, and hematopoietic cell
lines transfected in vitro with BCR/ABL, leading
to malignant transformation [20,21].

Although the important role of STAT5 in
the pathogenesis of CML was demonstrated in
many studies; its role in transformation of the
disease from chronic phase into advanced phases
was not that much addressed. Up to our best
knowledge, only the study conducted by Guti-
errez-Castellanos et al., [19] investigated the
role of STAT5 in the transformation of CML.
In a recent study Warsch et al., [22] have shown
that STAT5 over-expression leads clearly to a
TKI-resistant phenotype whereas STAT3 and
STAT1 have no effect. High levels of STAT5
protected leukemic cells from TKI toxicity in
the absence of JAK2 expression, suggesting
that BCR-ABL (or v-ABL) induced JAK2 phos-
phorylation is not required for STAT5 activation
in leukemic cells. In BM samples from patients
in advanced CML, high levels of STAT5 mRNA
levels have also been shown to correlate with
TKI resistance and accordingly, STAT5A and
STATB expression (2 highly homologous STAT5
gene products) were found to be increased in
CML patients with advanced stage with or with-
out ABL-kinase mutations. These findings to-
gether with the report of Nelson et al., [23]
suggest that STAT5 phosphorylation is a marker
of CML progression and it could be an attractive
target to circumvent TKI resistance in CML.

In our study, there was a statistically signif-
icant positive correlation between pSTAT5%
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and blasts % in both BM and PB (r=0.37, p=0.02
and r=0.39, p=0.017 respectively) indicating
the relation between the transformation and the
STAT5 phosphorylation. This result is in agree-
ment with Gutierrez-Castellanos et al. [19] who
stated that the percentage of immature cells in
chronic phase and advanced phases can influ-
ence phosphorylation of STAT5. Our reciprocal
finding of a statistically significant negative
correlation between the pSTAT5% and the gran-
ulocytes % both in the BM and PB (r=-0.438
and p=0.005, –0.435 and p=0.007) indicates
again that the phosphorylation of STAT5 is
dependent on the immature cells.

A near significant positive correlation be-
tween pSTAT5% and Hasford score was found
in our study (r=0.29, p=0.08). Also pSTAT5%
was higher in high risk group than other groups
though it was not statistically significant. These
findings, though lacking statistical significance,
are online with the assumption that pSTAT5
reflects the level of tyrosine kinase activity and
the state of disease progression.

Because neoplastic cells are dependent on
constitutive STAT activation; targeting STATs
causes preferential cancer cell killing with
minimal effects on normal cells [24]. Although
imatinib is very active and well-tolerated in the
majority of patients with CML, cure cannot be
attained with this or second generation TKI’s,
necessitating lifelong treatment. Moreover, a
substantial number of patients demonstrate
insufficient response to these drugs. Quiescence
and multiple other mechanisms render CML
stem cells drug resistant [16]. It is likely that
optimal strategy for eliminating leukemic stem
cells will involve targeting multiple pathways
asking for combination of several agents. Tar-
geting STAT5 could be an appealing approach
being downstream of multiple signaling path-
ways. Being expressed in all CD34+ve cells,
the fraction including the leukemia stem cells
would further support this approach. Although
not tried in CML yet; those new approaches
may be of benefit to shut down the signal trans-
duction pathways involved in the progression
into advanced phases.

In conclusion, we have reported activation
of STAT5 as evidenced by expression of pSTAT5
in all CD34+ve cells in CML patients regardless
the disease stage. Its expression is higher in
advanced stages known to be associated with

higher levels of BCR/ABL expression. pSTAT5
may serve as an indicator of the level of
BCR/ABL expression and STAT5 may serve as
a potential therapeutic target in CML.
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ABSTRACT

Background: Iron overload cardiomyopathy (IOC)
represents the leading cause of death in patients with ß-
thalassemia major (TM). There is increasing evidence that
high parathormone hormone levels are associated with
increased cardiac iron content.

Aim of the Work: In this study we aimed to assess
the level of serum parathormone and its relation to cardiac
functions, cardiac magnetic resonance T2* and liver iron
concentration in children and adolescents with ß-
thalassemia major.

Patients and Methods: In seventy TM patients and
30 age and sex matched healthy subjects, levels of intact
parathormone (iPTH) levels, calcium, phosphorus, and
alkaline phosphatase were measured in serum and cardiac
functions were assessed by complete M-mode and pulsed
Doppler echocardiography and myocardial performance
index (MPI) was calculated for both the left and right
ventricles. Myocardial iron content and liver iron content
were assessed by Magnetic resonance imaging T2* and
results were derived from patients' medical records. Av-
erage values of serum ferritin were calculated for 12
months prior to the study.

Results: The results of iPTH revealed that 72.5% had
normal values, 18.5% had below normal values and 9%
had elevated levels. We observed weak positive correlation
between iPTH and LVEF and LIC but no correlation was
found between iPTH and serum ferritin or cardiac T2*.
Cases with increased cardiac iron (T2*<20ms) had insig-
nificantly lower iPTH, higher mean age, more frequent
transfusions, higher LIC, higher ferritin and lower calcium.
Mean calcium values were significantly lower among
cases while serum phosphorus and alkaline phosphatase
were significantly higher among the cases compared to
the control. There was no statistically significant difference
in fractional shortening (FS %), left ventricular ejection
fraction (LVEF %), or mean MPI of the left ventricle
between the cases and control group. However, the left
ventricular diastolic E and E/A indices were significantly
higher amongst the cases, indicating restrictive pattern of
iron overload cardiomyopathy.

Conclusions: In ß-thalassemia, cardiac iron overload
can occur in spite of the low levels of PTH. Subclinical
cardiac dysfunction is common in TM patients but not
dependant on PTH level. Early and adequate vitamin D
and calcium supplementation is mandatory to prevent
secondary hyperparathyroidism and to delay the onset of
cardiac dysfunctions in pediatric patients with ß-thalas-
semia major.

Key Words: Thalassemia major – Magnetic resonance
imaging – Cardiac functions – Iron overload
– Parathormone.

INTRODUCTION

ß-Thalassemia is a hereditary anemia result-
ing from defects in hemoglobin production. ß-
thalassemia, which is caused by a decrease in
the production of ß-globin chains, affects mul-
tiple organs and is associated with considerable
morbidity and mortality [1]. Heart complications
represent the leading cause of mortality in thalas-
semia major, even though, following the intro-
duction of chelating therapies, an important and
progressive increase of life expectancy mainly
due to a reduction in mortality due to cardiac
dysfunction has been demonstrated [2].

Vitamin D deficiency is quite common in
thalassemia major patients’ due to increased
metabolic demands, chronic medical care, and
iron overload [3,4]. It was reported that low
D25-OH levels produce reciprocal increase in
serum parathyroid levels, leading to higher heart
rates, higher cardiac intracellular calcium levels,
and hypertrophy. However, this data is the first
to suggest an association between cardiac iron
uptake and vitamin D25-OH deficiency [5].

Both parathyroid hormone and vitamin D1-
25OH appear to stimulate transmembrane cal-
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cium movement via L-type calcium-dependent
channels (LTCC); although the details of this
interaction remain poorly characterized [5].
Murine data indicate that LTCC are important
in transporting non-transferrin bound iron (NT-
BI) into the myocardium. Thus, LTCC modula-
tion represents the logical link between vitamin
D deficiency, cardiac iron, and cardiac function
[6]. Recent studies have correlated increased
myocardial iron content to decreased levels of
vitamin D in thalassemic patients and reported
increased PTH levels as the major predictor of
increased myocardial iron [7].

When putting the aforementioned facts to-
gether, it is reasonable to hypothesize that sec-
ondary hyperparathyroidism may be common
in pediatric patients with TM and could be
associated with increased myocardial iron con-
tent and a higher incidence of myocardial dys-
function in these patients.

In this study we aimed to assess the level
of serum parathormone and its relation to cardiac
systolic and diastolic dysfunction, cardiac mag-
netic resonance T2* and liver iron concentration
in children and adolescents with ß-thalassemia
major.

PATIENTS AND METHODS

This was a case-control study conducted on
70 children with established diagnosis of ß-
thalassemia major and 30 age and sex matched
healthy subjects taken as control group, after
obtaining consents from their legal guardians.
All recruited patients were attending routine
follow-up visits at the outpatient clinic, New
Children’s Hospital, Cairo University, Cairo,
Egypt, during the study period (1st August 2011
to 1st February 2012). We excluded patients
aged less than 6 years or older than 18 years
and those with significant valvular or congenital
heart disease. The study protocol was approved
by the Institutional Ethical Committee and was
conducted in accordance with the Institutional
Committee for the Protection of Human Subjects
and adopted by the 18th World Medical Assem-
bly, Helsinki, Finland.

Detailed history-taking with emphasis on
age, age at diagnosis, splenic status, onset of
blood transfusion and transfusion frequency,
calcium and vitamin D supplementation and
chelation therapy  was carried out. Serum ferritin

concentrations were derived from patients'
records, and mean values were calculated for
1 year prior to the study. Complete blood picture
with blood indices was assessed by Coulter
Counter (Cell-Dyn® 1700CS; Abbott). Param-
eters of calcium homeostasis including serum
calcium, serum phosphate and alkaline phos-
phatase (ALP) were measured by conventional
laboratory methods. Two ml of whole blood
were collected into EDTA-containing tubes and
were kept cold throughout the collection and
separation process for measurement of intact
Parathormone levels (iPTH) by chemilumines-
cent assay [8]. Data of myocardial and Liver
iron concentration (LIC) were assessed with
magnetic resonance imaging by means of T2*
based on a method that has been previously
described and validated [9], and data were ex-
tracted from patients' medical records. Increased
cardiac iron is defined as (T2*<20ms).

Echocardiography examination: Was per-
formed at Echocardiography Laboratory of Abu
El-Reesh Hospital, Faculty of Medicine, Cairo
University. Transthoracic two dimentional (2D)
guided (M Mode) and Doppler echocardiogram
was performed with a Hewlett-Packard 5500
SONOS ultrasonic machine phased array sector
scanner with the 4 and 8 MHZ probes according
to age. Patient’s recordings were taken while
patients were in supine position without breath
holding. M-mode, 2D and Doppler echocardio-
graphic parameters were averaged over 3 cardiac
cycles and all echocardiographic measurements
were performed according to the guidelines for
performance of a pediatric echocardiogram by
American Society of Echocardiography. The
MPI is a pure number and is calculated from
the ratio of time intervals (a-b/b) derived with
the aid of pulsed Doppler echocardiography
[10].

Statistical analysis: Patients' data were an-
alyzed using SPSS 17.0 for windows 7. Quan-
titative variables were expressed by mean and
SD (Standard deviation), median and range.
Comparison of Quantitative variables between
groups was done using t student test for para-
metric data or Mann Whitney test for nonpara-
metric data. Correlations were done to test for
linear relations between variables. Qualitative
variables were expressed as numbers (frequen-
cy) and percent and compared between groups
using Chi-square test or Fisher exact test for
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small values. Receiver's operating characteristics
(ROC) curve was made and area under the curve
(AUC) was calculated for the ability of elevated
PTH to predict cardiac iron overload. All p-
values are two tailed and considered statistically
significant If ≤0.05.

RESULTS

The study group consisted of 41 (58.6%)
males and 29 (41.4%) females with male sex
predominance (M/F ratio 1.4). Mean patients'
age was 14.8±2.9 years (range: 6-18 years).
The mean age at diagnosis was 12.5 months
and the mean age of first transfusion was 12.6
months. At the time of enrollment; 58 (83%)
patients were splenectomized at a median age
of 6 years (range 3-17 yrs) and 12 (17%) patients
had splenomegaly. All patients received blood
transfusions at 4-8 week intervals to maintain
a mean hemoglobin level of 7.6±1.6g/dl. Fifty-
five (78.6%) patients had begun chelation with
deferoxamine in 30 (42.9%) patients, defer-
iprone in 16 (22.9%) while 9 (12.9%) were
currently on deferasirox. Folate, calcium and
vitamin D supplementation were prescribed to
all patients; no patients were taking cardiac
medications.

The study populations were mild to severely
iron overloaded with serum ferritin ranging
from 263 to 12128ng/ml with a median of
2879.0ng/ml, average liver iron was 25.5±12.8
mg/g dry weight (rang: 2.3-43.0) and mean
cardiac T2* was 27.3±14.0 (4.6-60.0) (Table
1).

Table (2) summarizes the comparison of the
hemoglobin level, biochemical parameters and
cardiac functions of cases and controls. Mean
parathormone of cases was 38.0pg/ml (range
2.3-195pg/ml) versus 34.8±25.5pg/dl (range 3-
95.9pg/dl) among the controls and this differ-
ence was not statistically significant (p=0.6).
The results of parathormone revealed that 51
(72.8%) of the studied patients had normal
values, 13 (18.6%) had below normal values
and 6 (8.6%) patients had high levels exceeding
the upper limit of the reference range. The
echocardiographic parameters showed no sta-
tistically significant differences between cases
and control as regards: Fraction shortening
(p=0.8), ejection fraction (p=0.3), MPI (lt)
(p=0.2) and MPI (rt) (p=0.09); while right E
velocity, right A velocity, left E velocity and

the left A velocity values were significantly
higher among cases (p=0.01, 0.002, 0.001 and
<0.001 respectively).
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Table (1): Parameters of iron overload among thalassemia
major cases.

Parameter

Serum ferritin (ng/ml):
Mean±SD (Range)
Median (IQRa)

LICb mg/dl (n=43):
Mean±SD (Range)
Median (IQRa)

LICb mmol/kg (n=43):
Mean±SD (Range)
Median (IQRa)

Cardiac T2* ms (n=43):
Mean±SD (Range)
Median (IQRa)

The studied cases
(n=70)

3637.6±2540.9 (263-12128)
2879.0 (1854.8-4775.5)

25.5 ±12.8 (2.3->43.0)
23.8 (15.5-36.9)

453.4±228.8 (18.8->769.0)
426 (276.8-661.0)

27.4±14.1 (4.6-60.0)
26.5 (15.2-34.7)

There was no correlation between PTH and
age, frequency of blood transfusion, serum
ferritin, cardiac T2*, Calcium, Phosphorus or
Alkaline Phosphatase. No correlation was
proved between PTH and fractional shortening
(FS) (p=0.148), ejection fraction (EF) (p=0.313),
left ventricular MPI (p=0.070), right ventricular
MPI (p=0.187), T E/A velocity (p=0.339), M
E/A velocity (p=0.586). There was a weak
correlation between PTH and LIC, LVEF
(r=0.3, p=0.03; r=0.3, p=0.02 respectively)
(Fig. 1).

Fig. (1): Correlation between Parathormone and left
ventricular ejection fraction in 70 thalassemia
major patients (r=0.27, p=0.047).
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Fig. (2): Distribution of 47 thalassemia major cases ac-
cording to Cardiac T2* Level.

Table (3): Comparison of thalassemia major cases with T2*<20ms and T2*>20ms.

T2<20 (n=15)

Mean Std. Deviation

16.17
15.67
4553.78
8.21
5.976
421.61
31.35
24.394
63.94

2.662
5.499
3133.694
1.018
1.6627
187.804
26.131
14.3699
5.620

T2>20 (n=32)

Mean Std. Deviation

14.79
12.68
3600.08
8.69
5.549
356.16
43.83
25.067
65.46

2.506
4.839
2211.423
0.780
0.9074
164.539
33.062
10.8402
4.828

p
value

0.075
0.058
0.201
0.054
0.22
0.19
0.166
0.863
0.306

Age
Bl Tr/year
Ferritin (ng/ml)
Ca (mg/dl)
Ph (mg/dl)
ALP (units/L)
iPTH (pg/ml)
LIC (mg/gm)
LVEF (%)

Parameter

On revising the results of cardiac T2* of
47 cases, we found 15 (32%) cases with T2*<20
while 32 (68%) had T2*<20 (Fig. 2).

Table (2): Comparison of laboratory data and cardiac functions of thalassemia major cases and control group.

p
value

<0.001*
0.550
0.022*
<0.001*
<0.001*
0.757
0.333
0.183
0.090
0.012*
0.002*
>0.001*
>0.001*

12.4±1.7
34.8±25.5
9±1.1.0
4.8±0.6
237±90
36.5±5.2
65.7±6.3
0.32±0.04
0.27±0.06
0.7±0.1
0.44±0.07
0.93±0.14
0.55±0.08

8.9-17
3.0-95.9
5.3-10.5
3.4-6.1
118-502
29-48
57-77
0.23-0.4
0.16-0.38
0.46-0.9
0.32-0.55
0.63-1.29
0.39-0.77

7.6±1.6
38.0±3.5
8.6±0.9
5.6±0.2
359.4±170.6
35.8±5.7
64±6.4
0.33±0.04
0.29±0.05
0.75±0.1
0.49±0.06
1.03±0.1
0.6±0.06

3.4-12.0
2.3-195
6.4-10.1
3.3-10.5
79-796
29-69
38-79
0.22-0.39
0.19-0.48
0.51-0.94
0.34-0.61
0.78-1.29
0.44-0.76

Hemoglobin (g/dl)
iPTHa (pg/mL)
Calcium (mg/dl)
Phosphorus (mg/dl)
Alkaline phosphatase (U/L)
Fraction shortening (%)
Ejection fraction (%)
MPI (lt)
MPI (rt)
Right E velocity (m)(m/s)
Right A velocity (m)(m/s)
Left E velocity (m)(m/s)
Left A velocity (m)(m/s)

Parameter

aPTH: Parathormone.
MPI (lt) myocardial performance index of the left ventricle.
MPI (rt) myocardial performance index of the right ventricle.
*p-value is significant If <0.05.

Right E vel
Right A vel
Left E vel
Left A vel

: E velocity across the Tricuspid valve.
: A velocity across the Tricuspid valve.
: E velocity across the mitral valve.
: A velocity across the mitral valve.

Cases (n=70)

Mean±SD Range

Control (n=30)

Mean±SD Range

Table (3) shows a comparison between cases
with T2*<20 and cases with T2*<20. Cases
with increased cardiac iron (T2*<20) were older,
had more frequent transfusions, higher LIC,
higher serum ferritin, lower PTH level and
lower calcium but all did not reach level of
significance (p>0.05).

ROC curve for parathormone in T2* groups:

Receiver's operating characteristics (ROC)
curve was performed to test for the ability of
elevated PTH to predict cardiac iron overload
among the studied patients with thalassemia
major. The area under the ROC curve was 0.6
indicating that overall predictability of PTH is
statistically insignificant (p>0.05).

T2*<8-12;
3%

T2*<12-20;
18%

T2*<20;
68%

T2*<8;
11%
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Fig. (3): ROC curve for the ability of elevated PTH to
predict cardiac iron overload in patients with
thalassemia major (n=47). The area under the
ROC curve was 0.6 (p-value >0.05).
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DISCUSSION

Contrary to expectations, we found low level
of PTH in patients having increased myocardial
iron deposition. In addition, there was a weak
correlation between PTH level and LVEF and
no correlations were found between PTH and
other echocardiographic parameters and the
ROC curve failed to prove the ability of elevated
PTH to predict cardiac iron overload among
our cases. This oppose the data reported in two
recent studies carried out by Wood et al., [11]
and Dimitriou et al., [7] that linked vitamin D
deficiency and secondary hyperparathyroidism
with cardiac iron uptake.

The pathogenetic mechanism that links PTH
and cardiac iron uptake involves the transport
of non-transferrin-bound iron (NTBI) in cardi-
omyocytes through the L-type Calcium channels
(LTCCs), as this was initially described by
Tsushima et al. [12], as elevated PTH levels
have been shown to increase LTCCs activity.
Further evidence was obtained from studies
showing reduced intracellular myocardial iron
accumulation using LTCCs blockers, like am-
lodipine and verapamil, in mouse models [6].

However, in the literature, not only the ele-
vated PTH levels; but also the level and duration
of NTBI exposure are important components
for cardiac iron uptake [13]. Thus, secondary
increases in PTH would not be expected to
produce cardiac iron loading in the absence of
elevated circulating NTBI, but might indepen-
dently impair myocardial calcium cycling and
cardiac function.

In addition, previous studies reported that
the age of onset of parathyroid dysfunction in
transfusion-dependant TM patients is usually
around the age of 10 years [14-16] and abnormal
cardiac T2* is rarely found before the age of
10 years, even in patients with high liver iron
concentrations [17]. This way, the presence of
parathyroid hypofunction with subsequent de-
creased functional reserve might lead to failure
to compensate vitamin D deficiency which may
induce cardiac iron uptake by mechanisms other
than increased PTH. This may explain our find-
ings of cases with increased myocardial iron
that were older and had lower PTH and high-
lighted the fact that cardiac iron deposition is
multifactorial and could occur in spite of low
PTH.

Our data showed that about one fourth of
children and adolescents with TM had abnormal
parathormone (PTH) levels with the frequency
of low PTH reaching twice that of high PTH.
However, mean parathormone of cases was
comparable to that of the controls. PTH did not
correlate with age, transfusion frequency, serum
ferritin, calcium, phosphorus or alkaline phos-
phatase. We observed weak positive correlation
between PTH level and LIC. Our data support
the prior evidence that parathyroid dysfunction
is one of the common endocrinopathies of ß-
thalasemia major due to chronic anemia, hypoxia
and iron overload [18,19].

Among our cases, there were no statistically
significant differences in fractional shortening
(FS %), left ventricular ejection fraction (LVEF
%) or MPI between the cases and control group.
This is in agreement with the results reported
in previous studies [20,21]. However, several
studies reported a significantly lower LVEF %
in thalassemic patients in comparison with
healthy age and sex matched individuals [22-25]
and that MPI of TM cases was significantly
increased in comparison to the control group
[24]. This may be explained by the younger age
group included in our study. In addition, sup-
plementary vitamin D at our center is usually
prescribed very early and it was reported that
vitamin D may improve left ventricular systolic
functions [26].

However, the left ventricular diastolic E and
E/A indices were significantly higher amongst
the cases, indicating restrictive pattern of iron



overload cardiomyopathy and reflecting left
ventricular chamber stiffness; this is in agree-
ment with that reported by other studies [25]. It
is to be mentioned that none of the patients had
history of clinically manifesting cardiomyopathy
or was receiving any kind of medicine that
would affect cardiac functions.

Despite the early introduction of blood trans-
fusion and chelation therapy, the majority of
our study populations had post-transfusion he-
moglobin below 9g/dl and were moderate to
severely iron overloaded as evidenced by serum
ferritin, LIC and cardiac T2*. This may be
explained by the restrictive transfusion regimen
adopted at our center as well as the bad compli-
ance of our cases to chelators. In fact, the finan-
cial aspects also share in the problem; due to
frequent interrupted availability of these chela-
tors.

In spite of the routine supplementation with
calcium and vitamin D, our cases showed bio-
chemical parameters suggestive of hypocalcemia
and vitamin D deficiency which may induce
parathyroid hyper function [5]. This confirms
the data reported in the majority of published
literature on the high frequency of vitamin D
deficiency in TM cases [3,4,7,11].

In fact, our study has some limitations in-
cluding lack of data about the level of NTBI
and vitamin D metabolites among our cases
which could impair the strength of our conclu-
sions. But one of the points of strength in this
study is the number of cases which was rela-
tively larger than previous reports.

Conclusion: In ß-thalassemia, cardiac iron
overload can occur in spite of the low levels of
PTH. Subclinical cardiac dysfunction is common
in TM patients but not dependant on PTH level.
Early and adequate vitamin D and calcium
supplementation is mandatory to prevent sec-
ondary hyperparathyroidism and to delay the
onset of cardiac dysfunctions in pediatric pa-
tients with ß-thalassemia major.
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ABSTRACT

Background: Increased angiogenesis has been found
to be an adverse prognostic factor in solid tumors. Evidence
shows that angiogenesis plays an important role in hema-
tological malignancies including multiple myeloma (MM)
as well.

Aim of the Study: We aimed in the present study to
investigate the various angiogenesis parameters; namely
microvessel density (MVD) and total vascular area (TVA),
using a standardized computer assay instead of the routinely
used hot-spot technique, on bone marrow biopsy (BMB)
of de novo MM patients. We also correlated BMB angio-
genesis with clinico-pathologic and laboratory parameters
established to have prognostic impact on MM.

Patients and Methods: BMB from thirty eight newly
diagnosed cases of MM and twenty morphologically and
immunohistochemically negative Hodgkin's lymphoma
de novo patients as a control group, were examined using
a computerized image analyzer. Bone marrow biopsies of
test cases (n=38) were immunohistochemically stained
with CD34 for visualization of microvessels, and MVD
and TVA were measured.

Results: MVD and TVA were significantly increased
in MM patients Vs controls (p<.0.001 for both). Angio-
genesis was correlated with higher tumor burden, higher
B2 microglobulin level, higher M protein level and diffuse
pattern of marrow infiltration.

Conclusion: Angiogenesis in BMB of MM cases is
correlated to all other prognostic parameters which qualify
it as a potential prognostic parameter. Standardization of
the method is mandatory before testing it as an indicator
of treatment outcome.

Key Words: Angiogenesis – Multiple myeloma – Bone
marrow biopsy – Microvessel density – Total
vascular area – Computerized image analy-
sis.

INTRODUCTION

Multiple myeloma (MM) accounts for 1%
of all malignancies and >10% of malignant
hematological neoplasms [1]. It is characterized
by the presence of a monoclonal (M) protein,
lytic bone lesions, and increased plasma cells
in the bone marrow and may be associated with
anemia, renal failure, and hypercalemia [2].
Angiogenesis, the formation of new blood ves-
sels, occurs physiologically during embryonal
growth, wound healing, and in the female genital
system during the menstrual cycle. It is impor-
tant for the proliferation and metastasis of most
malignant neoplasms. In the absence of angio-
genesis, tumors cannot grow beyond 1-2mm in
size [3]. Increased angiogenesis has been found
to be an adverse prognostic factor in solid
tumors but evidences show that angiogenesis
also plays an important role in hematological
malignancies including multiple myeloma [4].

The limited success achieved by targeting
only myeloma cells with the existing conven-
tional and/or high-dose chemotherapy highlights
the importance of understanding the role of the
bone marrow microenvironment and its contri-
bution to myeloma genesis. The microenviron-
ment in multiple myeloma is composed of clonal
plasma cells, bone marrow stromal cells, extra-
cellular matrix proteins, inflammatory cells,
and microvessels [5]. There is substantial evi-
dence that interactions between these compo-
nents have a crucial role in the proliferation
and survival of myeloma cells and their acqui-
sition of drug resistance and disease progression
[6].
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There is growing evidence that not only
increased bone marrow angiogenesis occurs in
multiple myeloma, but also it is related to dis-
ease activity. The mechanism behind the in-
creased angiogenesis in myeloma is not fully
understood. There are data that myeloma cells
express the potent angiogenic cytokines, VEGF
and basic fibroblast growth factor [7]. Prelimi-
nary data using reverse transcription-PCR tech-
niques indicate that VEGF isoforms, VEGF121
and VEGF165, are expressed by myeloma cells
both in studies of bone marrow samples from
patients with myeloma and on various myeloma
cell lines [4,8]. Targeting angiogenesis with
antiangiogenic agents is a promising and excit-
ing therapeutic approach and is the subject of
intense investigation [9].

The aim of our study is to investigate the
extent of angiogenesis in bone marrow biopsy
samples of newly diagnosed multiple myeloma
patients compared to controls, using a computer
based image analyzer soft ware, and to find out
its correlation with other established clinico-
pathologic and laboratory prognostic parameters.

PATIENTS AND METHODS

Thirty eight newly diagnosed multiple my-
eloma patients were enrolled in our study. Pa-
tients were diagnosed to have multiple myeloma
according to the WHO criteria such as bone
marrow aspirate plasma cell percentage, lytic
bone lesions on skeletal survey, anemia, hyper-
calcemia, renal insufficiency, Immunopheno-
typing, monoclonal gammopathy and Bence
Jones proteinuria [10]. Pretreatment bone marrow
trephine biopsy samples were available from
all the patients.

Information on prognostic factors included
clinical staging according to the Durie and
Salmon staging system [11], serum M-protein
levels, percentage of bone marrow aspirate
plasma cells, B2 microglobulin levels (B2M),
pattern of bone marrow biopsy plasma cell
infiltration, and extent of marrow fibrosis; they
were correlated with the degree of bone marrow
angiogenesis. Twenty age- and sex-matched
bone marrow biopsies performed for staging of
Hodgkin's lymphoma for patients who proved
to have no evidence of infiltration, based on
morphology and immunohistochemistry for
CD30, and who received no previous chemo-

therapy were included in the study as a control
group.

Bone marrow biopsy preparation, immuno-
histochemical staining and assessment:

Biopsies were fixed in 10% formalin, decal-
cified in 10% EDTA for 48 hours, and embedded
in Paramat extra (BDH, Poole, Dorset, UK).
Initially, haematoxylin and eosin stained, 3µm
thick sections were examined by light micros-
copy. All slides (H & E) were evaluated for
confirmation of the original diagnosis. The
pattern of infiltration of the bone marrow by
MM was highlighted by immunostaining the
neoplastic plasma cells with a monoclonal an-
tibody to CD138 (clone MI15, m7228, DAKO,
Glostrup, Denmark). Microwave antigen retriev-
al was done in the presence of 1mmol/L EDTA
(pH 8.0) buffer. Slides were then incubated with
anti-CD138 monoclonal antibody at 1:25 dilu-
tions for 30 minutes at room temperature. Im-
munoglobulin k (No. 40191, DAKO) and im-
munoglobulin λ (No. 40193, DAKO) antibodies
to detect the restriction of immunoglobulin light
chains and to confirm monoclonality were done.

Monoclonal antibody anti-CD34 class II
(m7165 clone QBEnd10, DAKO) was used to
highlight endothelial cells. Epitope retrieval
was achieved by immersing slides in Tris-EDTA
(Merck, Damstadt, Germany) buffer (pH 9.0)
and boiling for 15 minutes in a water bath at
97°C. Slides were then incubated with CD34
monoclonal antibody at 1:100 dilutions for 30
minutes at room temperature.

Computerized image analysis (CIA) of an-
giogenesis:

All slides stained with anti-CD34 were
scanned and analyzed with Alphelys Spot
Browser 2 integrated system (Alphelys, France),
using a software-controlled (Alphelys Spot
Browser 2.4.4, Alphelys), stage-positioning
Nikon Eclipse 50i microscope (Nikon, Japan)
mounted on a 1360x1024 resolution Microvision
CFW-1310C digital camera (Microvision Instru-
ments, France). Slides were scanned at x 20
magnifications to identify the section area of
slide and then scanned at x 200 magnifications
to create images for quantification.

Computer-assisted image analysis was used
to determine the total count of microvessels per
square millimeter and total area occupied by
microvessels (as a percentage of the total section
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area). During digital image analysis, the software
detected objects of interest based on pixel color
properties (wavelength, intensity, and saturation)
and morphometry (size and shape). The analysis
software used created color segmentation algo-
rithms on all slides which were designed for
the detection and elimination of empty space,
determination and count of positive areas, and
measurement of mean vessel diameter. These
measurements were used to calculate average
MVD (quantity of microvessels per square
millimeter) and TVA (percentage of microvessel
area in total section area).

Analysis of data:

Statistical analysis was performed using
SPSS version 18 software. The measures of
central tendency for continuous data such as
plasma cell infiltrates, MVD and TVA were
compared by using the Student-t-test or Mann-
Whitney test, depending on data distribution.
The Fisher exact test and the Chi-square test
were used to compare differences in nominal

variables. Correlation between microvessel
density, total vascular areas and other laboratory
and clinical data was done by w2 test (univariate
analysis).

RESULTS

A total number of 38 newly diagnosed mul-
tiple myeloma patients were enrolled in the
present study. They were 29 males and 9 females
with a male to female ratio of 3.2:1. 52.6% of
the patients had monoclonal IgG, while 26.3%
of patients had monoclonal IgA. The age of the
patients ranged from 47 to 63 with a mean of
54.8±6.3 years. B2 microglobulin level ranged
from 2400 to 13,500 with a mean of 5800±2900
ng/dl. Bone marrow aspirate plasma cell per-
centage ranged from 13% to 76% with a mean
of 45±12%. Table (1) shows the different clinical
and laboratory parameters of the patient's group
and Figs. (1-4) demonstrate morphologic pat-
terns of marrow infiltration, immunohistochem-
istry and angiogenesis.
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Table (1): Clinico-pathologic and laboratory parameters of the multiple myeloma
patient group.

Histological pattern:
Interstitial
Sheets
Nodular
Diffuse

Degree of marrow fibrosis:
No fibrosis
Grade I
Grade II

M protein level:
<2gm%*
2-4gm%
>4gm%

Durie and salmon staging:
Stage I
Stage II
Stage III

Plasma cell % in bone marrow aspirate:
<20%
20%-50%
>50%

B2 microglobulin level:
<3400ng/dl
3400-10000ng/dl
>10000ng/dl

Percent (100%)

34.2
23.7
5.3
36.8

44.7
26.3
29

15.8
52.6
31.6

21.1
21.1
57.8

23.7
47.4
28.9

42.1
50
7.9

Number (38)

13
9
2
14

17
10
11

6
20
12

8
8
22

9
18
11

16
19
3

*The level of 2gm% was considered due to the percentage of IgA.



MVD (the quantity of microvessels/square
mm) and TVA (percentage of microvessel area
in the total section area) were measured for all
patients and controls. MVD ranged from 12.3-
430.5 with a median of 163.6 for the control
group and ranged from 13.7-1079.1 with a
median of 174.4 for the multiple myeloma
group. TVA ranged from 0.1-16.4 with a mean
of 1.9±1.3% for the control group and ranged
from 18.2-36.1 with a mean of 6.4±6.5% for
the multiple myeloma group. There was a sig-
nificant difference between MVD and TVA in
the myeloma group versus the control group
(p<0.001 for each). Patients with higher angio-
genesis had significantly higher B2 microglob-
ulin levels (p=0.012 for MVD and p=0.029 for
TVA) and higher levels of M protein (p=0.039

for MVD). MVD and TVA were significantly
higher in diffuse pattern of marrow infiltration
compared to other patterns of infiltration
(p=0.008 and p=0.023 respectively).

Angiogenesis was significantly correlated
with the percentage of plasma cells, for MVD
r=0.48 and p=0.001 and for TVA r=0.45 and
p=0.003. It was also significantly correlated
with the level of M protein (r=0.44 and p=0.004
for MVD), with no significant correlation with
TVA (p=0.066). No significant correlation could
be detected between angiogenesis and either
the clinical staging of the disease (p=0.089 for
MVD and p=0.113 for TVA) or the degree of
marrow fibrosis (p=0.069 for MVD and p=0.093
for TVA).
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Fig. (1): Sheet of mature plasma cells (x20). Fig (2): Diffuse infiltration with plasma cells (x40).

Fig. (3): CD138 positive plasma cells (x20). Fig. (4): Abundant CD34 lined newly formed vessels
(x40).

DISCUSSION

In a malignancy such as MM, in which mul-
tiple therapeutic approaches with various mech-
anisms of action are available, accurate and
standardized techniques for monitoring patients

is critical to confirm disease responsiveness, to
enable prompt detection of ineffective therapy,
and to detect relapse before the occurrence of
organ damage [12]. Not much attention is given
to the morphologic characteristics of the bone



marrow, although it has been shown in several
studies that the use of BMB is a more accurate
method for the evaluation of plasma cell infil-
tration [13]. Therefore, the aim of the present
study was to analyze accurately one of the most
important components of the bone marrow mi-
croenvironment in BMB samples of patients
with MM; namely angiogenesis. Most of the
previous studies included only simple quantita-
tive evaluation of MVD and used methods de-
veloped primarily for the characterization of
angiogenesis in solid tumors. Such studies mea-
sured MVD in the hot spots, which are areas of
the bone marrow biopsy carrying the highest
number of microvessels, based on conventional
light microscopy. Our study measured angio-
genesis: MVD, and TVA on the whole area of
the slides. Therefore, the usually applied, so-
called hot-spot technique should be amended
by an appropriate and more elaborate computer-
assisted morphometric analysis of the microves-
sel structures. Such a computer standardized
spectrum of information regarding quantity and
quality of angiogenesis enables further under-
standing of the morphologic changes in the
course of the disease and accordingly on the
effect of various therapies on bone marrow
vascularization.

The results of our study linked plasma cell
infiltration with angiogenic activity in MM
because both angiogenic parameters, MVD and
TVA, correlated with plasma cell percentage
“Tumor burden” and the diffuse pattern of mar-
row infiltration. This association is in accordance
with other studies [14-17]. We also correlated
MVD and TVA with increased levels of B2
microglobulin, above 3400ng/dl as reported by
Bhati et al., [15] and with increased level of M
protein as reported by Babarović et al., [17]. A
limitation of the present study is the small
number of patients, which might have impacted
our failure to detect an association between
angiogenesis parameters and either of the extent
of marrow fibrosis and the clinical staging of
the disease.

Our study underlines the role of BMB not
only in establishing the diagnosis of MM but
also in patient monitoring and providing impor-
tant prognostic information, as well as high-
lighting the importance of angiogenesis being
correlated to other prognostic parameters, which
qualify it as a potential prognostic one.
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17- Babarović, Valković T, Štifter S, et al. Assessment of
bone marrow fibrosis and angiogenesis in monitoring
patients with multiple myeloma. Am J Clin Pathol.
2012; 137: 870-878.

38 Bone Marrow Biopsy Angiogenesis in Multiple Myeloma


	Content.pdf
	B.1
	B.2
	B.3
	B.4
	B.5

