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ABSTRACT
Background: Chronic lymphocytic leukemia (CLL) is the most common leukemia in adults. In our study, bone
marrow angiogenesis was evaluated in CLL patients and control group and relationship between microvessel
density and the bone marrow infiltration pattern and clinical stage.
Materials and Methods: In this cross-sectional and case-control study, 130 paraffin- embedded blocks of bone
marrow were used. Bone marrow specimens from 75 patients with CLL and 55 controls were studied. They were
evaluated by immunostaining with CD34 marker. Slides stained with anti-CD34 were examined at 100x
magnification for detection of “hot spots,” which are areas with highest vascularization. Three such hotspots were
chosen and numbers of microvessels were counted in each of these hotspots at 400x magnification. The MVD was
expressed as the average of the total count of vessels.
Results: Bone marrow microvessel density (MVD) in patients with CLL (32.22±12.81) was significantly higher
than that in controls (14.57±9.33) (P-value=0.000). There was a significant positive correlation between MVD and
the Rai stage system (r =0.425, P-value= 0.000). The correlation between MVD and the Pattern of bone marrow
infiltration Non-diffuse and Diffuse was not significant (r = -0.149, P-value= 0.203).
Conclusion: Angiogenesis in patients with chronic lymphoid leukemia (CLL) is significantly higher than the
control group and strongly significant and positive relationship with the Rai system. The available data suggest
that angiogenesis plays an important role in the pathogenesis of CLL.Understanding their roles help in designing
new therapeutic strategies for CLL.
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INTRODUCTION
Chronic lymphocytic leukemia (CLL) is the
most common leukemia in adults. It is
representing about 25-30% of all leukemia in the
Western countries. CLL is characterized by the
accumulation of mature long lived B-cells which
are blocked in early G1 of the cell cycle and are

unable to undergo programmed cell death
(apoptosis)1. This is a clonal proliferation of
small B lymphocytes involving bone marrow,
blood, and lymph nodes. Clinical staging system
is based on laboratory findings and clinical
features.2, 3 Tumors can absorb sufficient
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nutrients and oxygen by simple diffusion up to a
size of 1-2 mm, at which point their further
growth requires the elaboration of a vascular
supply.4.5Development of tumors is a highly
complex process in which several molecular
events are required for tumor cells to achieve
independent growth. One such event is the
enhancement of angiogenesis. Angiogenesis is
essential for the growth of most primary tumors
and their subsequent metastasis. It has been
anticipated more than 40 years ago a more
active role for newly formed blood vessels in
tumor growth and metastasis and the possible
therapeutic implications of such events3,4,5.
Angiogenesis, formation of new blood vessels
from pre-existent ones, plays a fundamental role
in the neoplastic process and is essential for the
local progression and metastatic spread of solid
tumors.6-9 This process is regulated by a delicate
balance
between
proangiogenic
and
antiangiogenic
factors.
Switching
on
angiogenesis usually requires both up
regulations of stimulators and down regulation
of
inhibitors.
The
bone
marrow
microenvironment plays a crucial role in
leukemogenesis. Recent studies suggest that its
vascularity changes significantly during this
process and those antigenic factors are of major
importance in hematologic cancer 4, 6.
Angiogenesis by immunohistochemistry of
endothelial marker is detectable. CD34 is
commonly used as an endothelial cell marker of
tumor vessels. CD34 is a cell surface marker
that is expressed by a broad range of cells
including hematopoietic, stromal, epithelial, and
endothelial cells. CD34 is a transmembrane
phosphoglycoprotein, first identified in 1984 on
hematopoietic stem and progenitor cells. It has a
molecular weight of approximately 115 kDa and
possesses an extracellular domain that is heavily
sialylated, O-linked glycosylated, and contains
some N-linked glycosylation sites7-15.
Angiogenesis in solid tumors body, such as
breast, lung, colon and thyroid and skin and ...
Various studies have been conducted. These
studies, the importance of the role of
angiogenesis in primary tumor growth and
metastasis and its relationship with the various
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factors and anti-angiogenesis therapy in addition
to other therapies have suggested9-16. The first
report of increased bone marrow angiogenesisin
CLL came from Peterson et al9-17. In our
country, the status of research on angiogenesis
has been focused in solid tumors. And
investigate the hematological cancer is also
more concerned with acute leukemia. This study
was performed due to the high incidence of CLL
in adults and no study of angiogenesis in CLL
patients in Iran and Recognition of Factors
affecting in the pathogenesis and prognostic and
the role and importance of angiogenesis in
chronic lymphoid leukemia. Theaim of this
study was therefore: 1. To find out whether there
are any differences in microvessel density in
chronic lymphocytic leukemia and control
group; 2. To assess a possible association of
microvessel density (MVD) with bone marrow
infiltration pattern and clinical stage.
MATERIALS AND METHODS
In this cross-sectional and case-control study,
130paraffin- embedded blocks of bone marrow
in the archives of pathology laboratory in the
OmidHospital of Isfahan were used during the
years 2011-2015.This study was carried out on
130 individuals divided into two groups: The
patient group: This group included 75 Chronic
lymphocytic leukemia (CLL) patients (54 men
and 21 women with a mean age of 61/37±10/74
years) diagnosed based on clinical, morphologic,
and immunophenotypic bases and staged
according to the Rai staging system12.The
control group: This group included 55
apparently healthy individuals (40 men and 15
women with a mean age of 59/81±8/4 years).
The control group was matched by age and sex
with the patient group, the control group was
used more of patients with anemia associated
with iron deficiency, vitamin B12 and…, and
infiltrative lesions were negative. The patient
and control groups were evaluated in terms of
clinical information and laboratory samples and
paraffin - embedded blocks. Hematoxylin and
eosin (H & E) slides of the archive these blocks
again by the Professor and Resident pathology
were evaluated to confirm the diagnosis and
determination pattern of bone marrow
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infiltration (non-diffuse and diffuse)13 in the
patient group. Finally, 3-4 micrometer slides
from
selected
formalin-fixed,
paraffinembedded tissues were prepared for envision
Immunohistochemistry (IHC) staining. And they
were evaluated by immunostaining with CD34
marker (Flex Monoclonal Mouse Anti -Human
CD34 Class II; clone QBEnd10, Ready-to-use).
Immunohistochemistry
This was followed by these steps:1)The
paraffin-embedded tissue blocks were sectioned
in 3-4 µm-thick slices and mounted on slides
covered with Poly-L-lysine; 2) the slides were
placed inside an oven at 60°C for 45 min, then
in xylol, and in graded alcohol; 3) Their antigens
were retrieved by boiling them in Tris-buffered
saline by microwave heat-induced epitope
retrieval method.4) they were then incubated in
H2O2 solution for 10 min; 5) Anti -Human
CD34 antibody was added and incubated for 1 h
(Flex Monoclonal Mouse Anti -Human CD34
Class II; clone QBEnd10, Ready-to-use). 6)
Secondary antibody was added and incubated
for 30 min; and 7) DAB (chromogen) was added
and incubated for 5 min, followed by
hematoxylin staining for 1 min;8) and mounting.
Between all the above-mentioned stages, there
was a stage of rinsing with phosphate-buffered
saline (PBS).
Microvessel Density (MVD) Calculation
Slides stained with anti-CD34 monoclonal
antibody were examined with an Olympus BX
41 light microscope. Single endothelial cells or
clusters of endothelial cells positive for CD-34
were considered as a vessel. The presence of
blood cells or fibrin without any detectable
endothelial cells was not sufficient to define a
microvessel. Vessels with muscular walls were
not counted. The CD34 stained sections were
examined at 100x magnification for detection of
“hot spots,” which are areas with highest
vascularization. Three such hotspots were
chosen and numbers of microvessels were
counted in each of these hotspots at 400x
magnification. The MVD was expressed as the
average of the total count of vessels.
Statistical analysis
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Data were statistically analyzed using SPSS
(version19) (SPSS Inc., Chicago, Illinois, USA)
and presented in the form of number, percentage
and mean±SD. The Student's (t) test was used to
compare two normally distributed variables and
the Mann-Whitney test was used for nonnormally distributed variables, and the Kruskal–
Wallis test (one-way analysis of variance
(ANOVA) for comparisons more than two
groups) were usedandusing Pearson's correlation
analysis. A P-value less than 0.05 was
considered significant.
RESULTS
In the present study was carried out on
130(130paraffin- embedded blocks of bone
marrow) individuals divided into two groups.
The patient group included 75 Chronic
lymphocytic leukemia (CLL) patients (54 men
and 21 women with a mean age of 61.37±10.74
years) and the control group included 55
apparently healthy individuals (40 men and 15
women with a mean age of 59.81±8.4
years).The control group was matched by age
(P-value=0.375) and sex (P-value=0.927) with
the patient group. The meanMicrovessel Density
(MVD) bone marrow (BM) in CLL bone
marrows was significantly higher than the MVD
in control bone marrows (Table 1) The
Microvessel Density in the bone marrow
sections
were
delineated
by
immunohistochemistry using antibodies to
CD34. (Figure 1, Figure 2)

Figure 1: Immunohistochemistry staining for CD34
antibody in bone marrow sections of Patient group
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The average Microvessel Density (MVD) in the
Pattern of bone marrow infiltration Non-diffuse
and Diffuse it was determined and the results are
presented in (Table 3) (Pearson's correlation: r =
-0.149, P-value= 0.203).
Table 3: The average MVD in the Pattern of bone
marrow infiltration Non-diffuse and Diffuse
Pattern of bone
marrow
( Mean ± SD)
Number (%)
infiltration
Non-diffuse

31.20±13.44

58(77.3%)

Diffuse

35.72±9.95

17(22.7%)

Total

32.22±12.81

75(100%)

Figure 2: Immunohistochemistry staining for CD34
antibody in bone marrow sections of control group

P-value

0.203

Table 1: Demographic characteristics and the mean
MVD BM in Patient group and control group

DISCUSSION
In the present study, angiogenesis was evaluated
in chronic lymphocytic leukemia (CLL) and
control group and its correlation with bone
marrow (BM) infiltration pattern and clinical
stage.
The first report of increased bone marrow
angiogenesis in B-CLL came from Peterson et
al17. Who evaluated microvessel density (MVD)
in the bone marrow of CLL patients using the
CD34 antibody in 12 patients with CLL and
showed that the microvessel count per highpower field (HPF) in the bone marrow was
higher than in healthy control subjects. They
also found a positive correlation between the
microvessel count and the clinical stage
(according to the Rai system), meaning that
patients with higher microvessel counts were
more likely to have advanced disease. Patients
with higher microvessel counts had a higher
percentage of their bone marrow involved by the
disease18-20.
The study of Wolowiec et al21. have reported
angiogenesis and proliferation activity of bone
marrow in 46 CLL patients with regard to
infiltration types. Angiogenesis was assessed
based on the immunohistochemical analysis
using the CD34 antibody. The MVD was higher
in the CLL patients than in the control group and
was elevated in patients with a diffuse type of
infiltration compared with other types of
infiltration.

Variable

Patient
group
(n=75)

control
group
(n=55)

Pvalue

Age
(Mean ± SD)
( years)

61.37±10.74

59.81±8.4

0.375

Male

54(72%)

40(72.7%)

Female

21(28%)

15(27.3%)

32.22±12.81

14.57±9.33

Sex

Microvessel
density(MVD)
( Mean ± SD)

0.927

0.000

There was a significant positive correlation
between MVD and the Rai stage system. The
Results average MVD in the Rai staging system
were presented in (Table 2) (Pearson's
correlation: r =0.425, P-value= 0.000).
Table 2: The results average MVD BM in the Rai
staging system
Rai staging
( Mean ± SD)
Number (%)
system
Rai stage 0

21.77±11.18

15(20%)

Rai stage 1

31.08±9.99

17(22.66%)

Rai stage 2

33.75±9.27

14(18.66%)

Rai stage 3

36.80±14.05

12(16%)

Rai stage 4

38.10±13.66

17(22.66%)

Total

32.22±12.81

75(100%)

P-value

0.002
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Abdelateef et al1.a study done on 68 patients
with CLL compared with 15 control individuals.
This study revealed higher MVD in BM of CLL
patients than normal control marrows.A
Significant positive correlation was found
between MVD and the percentage of
lymphocytes in the bone marrow, BM
infiltration pattern and the modified Rai stage of
CLL patients.
Antic et al22, examined Bone Marrow
Microvessel Density in 33 Chronic Lymphocytic
Leukemia patients. In this study, the bone
marrow MVD in patients with CLL was
significantly higher than in the controls.
However, no significant MVD differences were
detected between the CLL subgroups with
regard to clinical course, pattern of marrow
infiltration, and Rai stage.
Kaplan et al23.evaluated on the bone marrow
angiogenesis in 75 patients with CLL.MVD was
significantly higher in advanced CLL stages
(Rai II–IV) compared to patients with stage 0–
I.not find any statistical differences in bone
marrow vasculature in diffuse and non-diffuse
types of infiltration.
The study by Aguayo et al24. which did not show
a statistically significant difference in
microvascular densities between 23CLL patients
and controls.
Smolej and Kasparova25 examined MVD in 17
CLL patients by applying 2 markers, CD34 and
vWF. Specifically, they examined the
correlation between MVD and the clinical
progression, the type of infiltration in bone
marrow, the Rai system. But no correlation
between MVD and other prognostic factors was
established.
According to our study results, the MVD in
patients with CLL was significantly higher than
in the controls. Similarly: Peterson et al.and
Abdelateef et al. and Wolowiec et al.and Antic
et al., and in contrast: Aguayo et al.
In the present study, there is a statistically
significant correlation between MVD and Rai
staging system. Except the study of Smolej and
Kasparovawith the rest ofthe studies listed is
conform. Also no significant correlation was
found between MVD and the BM infiltration
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pattern of CLL patients. Probably a cause
differentresult in different studies isusing
different
methods
andusingstandardized
methods are needed.
Using the natural compounds can be aneffective
approach for prevention and treatment a lot of
disease such as cancer26-30. They can via their
antioxidant activity decrease angiogenesis30, 31.
We can consider this subject for doing future
studies.
CONCLUSION
Angiogenesis in patients with chronic lymphoid
leukemia (CLL) is significantly higher than the
control group and strongly significant and
positive relationship with the Rai system. The
available data suggest that angiogenesis plays an
important role in the pathogenesis of
CLL.Understanding their roles help in designing
new therapeutic strategies for CLL.
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