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Obectives: Locd bone marrow renin-angiotensin system (RAS)
is an autocrine-paracnne systemr affecting hematopoiesis.
Angiotensin It stimulates the proliferafton of bone marrow and
umbilical cord blood hematopoietic prgenitors. Angotensin-
converting enzyme (ACE) hyperfunction may lead to the
acceleration of negative hematopoietic regulator peptide,
AcSDKP, metabolism, which in turn lower its level in the bone
mrow mic one finaly rem t anpreti
effect of AcSDKP on the hematopoietic cells and blsts. The
aim of this study is therefore to search those major RAS compo-
nents simultaneously in the leukemic blast cells tae from the
bone marow f patients wth acute myeloid leukemia (AML).
Methods: Bone marrow aspiration materials were obtained
from 10 patients with AML (8 males, 2 females; median age
48.5 years) and 8 patient with nonmalignant hematological
disorders (6 males, 2 females; median age 45 yeors). EDTA-
treated bone marrow samples were stored at -700C until
anolysis. Total RNA was extrcted from 200-pI bone marrow
samples by High Pure RNA Isolation Ki.

Results: The medians of expression ratios of AML patient sam-
ples have been found 0.736 (IQR 1.359), 0.540 (IQR 0.725),
and 0.075 (IQR 0.002) for ACE, ANG and REN genes, respec-
tively. All three gene expressions were found to be signifi-
contly higher in the bone marrow samples of AML patients.
Conclusion. In this study, thexpressiof the mRNAs of the
major RAScoponent-n ely E reninani angiotensino-
gen-4n human bone marrow sample were quantifed by
reverse transcription-polymerase chain reaction (RT-PCR) to
confirm the presence of thlocal maow RAS. Eikido-
tion of the pathological activity of the local RAS-medid reg-
ulation of the leukemogenesis is both pathobiologically and
clinically importOnt, since the ongiotensptides rpwsent a
moleculartargetin the disea e manageent.
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INTRODUCTION
r Nhe new frontiers of the renin-angiotensin system

(RAS) include organ-, tissue- and even cell-
based systems exhibiting autocrine, paracrine,

endocrine and intracrine actions within the human
body.'2 The presence of a local bone marrow RAS
affecting physiological and neoplastic blood cell pro-
duction had been hypothesized in 1996.3 After a long lit-
erature debate,47 local hematopoietic bone marrow RAS
has been demonstrated as an autocrine-paracrine system
within the rat hematopoietic-lineage and marrow stro-
mal cells.28 Angiotensin-II type 1 a (AT 1 a) receptors are
present on the CD34+ hematopoietic stem cells,9 in the
context of the local bone marrow RAS.'" Likewise,
angiotensin II stimulates the proliferation of bone mar-
row hematopoietic progenitors9 and umbilical cord
blood cells." '2 Major RAS components-namely renin,
angiotensinogen and angiotensin-converting enzyme
(ACE)-are present in human umbilical cord blood
cells.'3 Angiotensin II could serve in the erythroid and
myeloid differentiation of stem cells.9 Likewise, the
molecular mechanisms of angiotensin II-mediated
hematopoiesis, such as arachidonic acid release from
marrow stromal cells, have been searched.'4

On the other hand, there are preliminary data that local
bone marrow RAS may be involved in pathological neo-
plastic hematopoiesis and leukemogenesis.'5 '7 While
peripheral bloodACE levels increase, blast percentages in
the bone marrow accumulate and migrate to the circula-
tion. Therefore, ACE hyperfunction may lead to the accel-
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eration ofAcSDKP metabolism, which in turn lowers its
level in the bone marrow microenvironment, finally
removing the antiproliferative effect of goralatide on the
hematopoietic cells and blasts.'5 Renin expression could
have a role on the disease development and could be used
as an aberrant marker of leukemia."8 Furthermore,
angiotensin has been suggested to act as an autocrine
growth factor for acute myeloid leukemia (AML) cells.19

The local synthesis of a particular molecule can be
deduced from the presence of the corresponding mes-
senger ribonucleic acid (mRNA) in a given local tissue.3

In this study, the expression of the mRNAs of the major
RAS components namely ACE, renin and angio-
tensinogen-in human bone marrow samples were
quantified by reverse transcription-polymerase chain
reaction (RT-PCR) to confirm the presence of the local
bone marrow RAS. Furthermore, we assessed quantita-
tive alterations of the ACE, renin and angiotensinogen
mRNAs in leukemic bone marrow samples. The aim of
this study is therefore to search major RAS components
in the leukemic blast cells taken from the bone marrow
of the patients with AML. Elucidation of the pathologi-

Figure 1. Real-time PCR amplifications and fluorescence curve graphics of the angiotensinogen (A), renin
(B) and angiotensin-converting enzyme (ACE) (C) cDNA targets in bone marrow samples
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cal activity of the local autocrine/paracrine RAS-medi-
ated regulation of the leukemogenesis is both pathobio-
logically and clinically important, since the angiotensin
peptides represent a molecular target in the management
of disorders. 12,20,21

Design and Methods
Bone marrow aspiration materials and peripheral blood

samples were obtained from 10 patients with AML [8
males, 2 females; median age 48.5 (range 22-80) years] and
8 patients with nonmalignant hematological disorders [6
males, 2 females; median age 45 (range 22-71) years]. The
diagnosis ofAML was based on the elevated bone marrow
blast ratio (>20%) and flow cytometric analysis (the pres-
ence of .2 myeloid markers) as well as other standard diag-
nostic procedures of leukemia. The essential characteristics
of the AML patients are given in Table 1. The study was
conducted in accordance with the guidelines ofthe Helsinki
Declaration. Hacettepe University Local Ethical Commit-
tee approved the study protocol. Written informed consents
were provided by all participants.

Bone marrow samples were obtained with aspiration
from the posterior iliac crest of all patients during the
clinically indicated time point. The glass smears were
prepared for wright staining, and 3.5 mL of aspirate
were separated for RT-PCR analysis. Simultaneously,
peripheral blood samples were also drawn from each
patient for complete blood count analyses.

Isolation of RNA and Synthesis
of cDNA

Ethylenediaminetetraacetic acid (EDTA)-treated
bone marrow samples were stored at -70°C until analy-
sis. Blood samples were collected and analyzed from

AML patients. Total RNA was extracted from 200-pl
bone marrow samples by High Pure RNA Isolation Kit
(Roche Diagnostics, Germany) according to manufac-
turer's instructions. RNA integrity was electrophoreti-
cally verified by ethidium bromide staining and by
OD260/OD280-nm absorption ratio of >1.95. One
microgram of total RNA was used for cDNA synthesis
using 1st Strand cDNA Synthesis Kit for RT-PCR
(AMV) (Roche Diagnostics, Germany) according to the
manufacturer's protocol.

Quantitative Real-Time PCR Analysis
Real-time quantitative PCR analysis for ACE, renin

and angiotensinogen gene expressions was done by using
LightCyclert instrument (Roche Diagnostics, Germany),
and results were analyzed by LC software 3.0. Amplifica-
tions were performed in 20-pl volume, including 2 pR
cDNA, 4 nM of each primers, 2 nM ofTaqman probe and
LightCycler DNA master hybridization mix. The cycling
parameters were 2 min at 95°C for denaturation, 40 cycles
of 15 sec at 95°C, 30 sec at 60°C for amplification and
quantification. The primer and probe sequences used in
this study have been shown in Table 2.22 The beta-actin
mRNA was quantified to adjust the amount ofmRNA in
each sample with beta-actin probe and primer set. The
upstream and downstream primer sequences were 5'
TCACCCACACTGTGCCCAT and 5' TCCTTAATGT-
CACGCACGATTT 3', respectively, and the TaqMan
probe selected between the primers was fluorescence
labeled at the 5' end with 6-carboxyfluorescein (FAM) as
the reporter dye and at the 3' end with 6-carboxytetram-
ethylrhodamine (TAMRA) as the quencher; 5'-FAM-
ATCCTGCGTCTGGACCTGGCT-TAMRA (Tibmolbi-
ol, Germany). In every PCR reaction, the level of the

Table 1. Essential characteristics and laboratory findings of patients with acute myeloid leukemia (AML)
and the control group

______,......._,, ..._,. AML Patients (n=1O) Control Patients n 8.|
Median age (years) 48.50 (27)* 45.00 (36.25)*
Gender 8 males/2 females 6 males/2 females
Hemoglobin (g/dl) 8.95 (3.87)* 10.00 (3.42)*
Leukocyte (/mm3 x 1 03) 50.5 (71 3)* 8.2 (3.975)*
Platelet (/mm3 x 103) 58.5 (101 .75)* 245 (149)*
* median (IQR)

Table 2. The primer and probe sequences of angiotensin-converting enzyme (ACE), renin and
angiotensinogen genes

ACE Renin Angiotensinogen _|
Forward 5' TCGGCCATGTTGAGCTACTTC 3' 5' GCCACCTTCATCCGAAAGTTC 3' 5' GCACCTCAGTGTCTGTTCCCAT3'

Reverse 5' TCCCCATGCAGCTCGTTC 3' 5' GCCAAGGCGAAGCCAAT 3' 5' ACCGAGAAGTTGTCCTGGATGT3'

Taqman 5' AGCCGCTGCTGGACTGGCTCC 3' 5' ACACAGAG17GATCGGCGTAACAACCG 3' 5' TGGCATGGGCACCTTCCAGCA3'
Probe
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housekeeping gene beta-actin was also quantified to nor-
malize ACE, renin and angiotensinogen gene expression
values of each sample with the same PCR conditions
described above. Relative expressions were calculated
according to mathematical model of M.W. Pfaffl23 based
on the PCR efficiencies and the crossing points.

Statistical Analyses
Statistical analyses were performed via SPSS' 11.5

statistical software. Descriptives were depicted as the
median and IQR (interquartile range). Nonparametric
tests have been used, since the sample sizes of the
groups were small. The differences between two groups
were assessed by the Mann-Whitney U test. A p value of
<0.05 was considered statistically significant.

RESULTS
Specific mRNAs for all three components of the

RAS could be detected in bone marrow samples by real-
time PCR analysis (Figure 1). Relative expressions of
each target were calculated according to housekeeping
gene of beta-actin expression. All calculations were
made according to median test results of duplicate

patient samples. Relative gene expression of quantita-
tive real-time PCR of AML patients and the control
group are shown in Table 3. The median expression ratio
was found to be 0.033 (IQR 0.025) for ACE and 0.029
(IQR 0.06) for angiotensinogen in control samples.
Renin gene expression has not been found in 4 out of 8
control samples with an median expression of 0.002
(IQR 0.001). Relatively higher expression of all three
genes has been observed in 7 of 10 patients. The medi-
ans of expression ratios ofAML patient samples have
been found to be 0.736 (IQR 1.359), 0.540 (IQR 0.725)
and 0.075 (IQR 0.002) for ACE, angiotensinogen and
renin genes, respectively. All three gene expressions
were found to be significantly higher in the bone mar-
row samples of AML patients compared to the bone
marrow samples of the control group (Table 4).

DISCUSSION
In this study, local syntheses of the major RAS com-

ponents namely ACE, renin and angiotensinogen
have been identified via demonstrating their correspon-
ding mRNAs in human bone marrow samples. These
findings support the existence of a local RAS in human

Table 3. Relative gene expression results of angiotensin converting enzyme (ACE), renin and
angiotensinogen genes

Patients No____ ACE Ratio Renin Ratio A
AML 1 1.260 0.009 0.703

2 1.774 0.016 0.806
3 1.002 0.007 0.269
4 0.029 ND* 0.039
5 0.019 ND* 0.012
6 0.439 0.007 0.800
7 0.028 0.003 0.047
8 2.188 0.008 0.761
9 0.470 0.006 0.410
10 1.102 0.008 0.671

Control 1 0.02 0.002 0.028
2 0.036 ND* 0.029
3 0.054 0.003 0.036
4 0.026 ND* ND*
5 0.031 ND* 0.022
6 0.071 0.002 0.029
7 0.024 0.002 0.029
8 0.035 ND* 0.023

Beta-actin gene expression of the same samples was used for calculations; * ND: not determined; AML: acute myeloid leukemia

Table 4. Renin, angiotensinogen and angiotensin-converting enzyme (ACE) expressions in the bone
marrow samples of AML patients compared to the bone marrow samples of the control group

E?pression Ratio AML Patients Controls
Median IQR n Median IQR n

Renin 0.075 0.002 8 0.002 0.001 4 0.018
Angiotensinogen 0.540 0.725 10 0.029 0.06 7 0.005
ACE 0.736 1.359 10 0.033 0.025 8 0.05
AML: acute myeloid leukemia
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bone marrow. Quantitative mRNA expression levels of
the individual marrow RAS components disclosed varia-
tions between the samples. That variability may be due to
the dynamic interactions during the ongoing biological
events of the normal and neoplastic hematopoiesis in the
bone marrow. Furthermore, ACE, renin and angio-
tensinogen gene expressions were significantly higher in
the bone marrow samples ofAML patients compared to
the bone marrow samples of the control group. Recent
investigations revealed several RAS elements and recep-
tors on normal and neoplastic hematopoietic cells.2 1'8"19'24
Strawn and coworkers8 detected the presence of ACE,
angiotensin II, angiotensin AT(1) and AT(2) receptors in
rat unfractionated bone marrow cells, hematopoietic-line-
age bone marrow cells and cultured marrow stromal
cells. The mRNAs for angiotensinogen, renin, ACE, and
AT(l a) and AT(2) receptors were found to be present in
bone marrow cells and in cultured marrow stromal cells,
whereas ACE2 mRNA was detected only in bone marrow
cells in their study. Flow fluorocytometry analyses by
Strawn et al. also showed immunodetectable angio-
tensinogen, ACE, AT( 1) and AT(2) receptors, and
angiotensin II as well as binding of angiotensin II to
AT(1) and AT(2) receptors, in CD4(+), CDl lb/c(+),
CD45R(+) and CD90(+) bone marrow cells and cultured
marrow stromal cells. Renin was found to be present in
almost all cell types, excluding CD4(+) bone marrow
cells, and angiotensin II was detected in marrow stromal
cells homogenates. Strawn et al.8 concluded that the pres-
ence of angiotensin-II receptors in both hematopoietic-
lineage bone marrow cells and marrow stromal cells, and
the de novo synthesis ofangiotensin II by marrow stromal
cells suggests a potential autocrine-paracrine mechanism
for local RAS-mediated regulation ofhematopoiesis.

Our findings provide further valuable indication to
previous investigations focusing on different RAS ele-
ments in leukemic patients. Renin mRNA is found in
leukemic blast cells.2"'8 Angiotensin gene is expressed in
leukemic cell lines as well as primaryAML patient sam-
ples. Angiotensin may act as an autocrine growth factor
forAML cells.'9 ACE is produced at higher quantities in
the leukemic bone marrow. ACE degrades a tetrapeptide
called AcSDKP (goralatide), a negative hematopoietic
regulator. Furthermore, while peripheral bloodACE lev-
els increase, blast percentages in the bone marrow accu-
mulate and migrate to the circulation. Therefore, ACE
hyperfunction may lead to the acceleration ofAcSDKP
metabolism, which in turn lowers its level in the bone
marrow microenvironment, finally removing the
antiproliferative effect of goralatide on the hematopoiet-
ic cells and blasts.'5 In vitro incubation ofAML cells
with anACE inhibitor decreased the growth and colony-
forming ability ofAML cells in a dose-dependent man-
ner. The addition of angiotensin-I1 peptide toAML cells
in reduced serum partially rescued their colony-forming
ability at the same study.'9 ACE may also be physiologi-

cally important for the functioning of dendritic cells.25
ACE is involved not only in intracellular volume regula-
tion but also in the control of cellular proliferation.
Since both ACE gene polymorphism (I/D ACE) and
ABO blood group determine ACE level in peripheral
blood and probably also in bone marrow, the hypothesis
to the interindividual differences in survival of leukemic
patients was suggested by Hajek at al.26

The findings of the present study together with the
previous investigations shed further light on the pres-
ence and (patho)biological functions of the local
hematopoietic bone marrow RAS.2'27 RAS regulates cel-
lular growth in a variety of tissues, including the bone
marrow,' 13,21,28-30 with numerous molecular signal mech-
anisms.' ,2 RAS can exert significant effects on erythro-
poietic progenitors and primitive pluripotential
hematopoietic stem cell populations. Angiotensin II, the
effector peptide of RAS, acts as a systemic and "locally
active" hematopoietic growth factor or cytokine through
activation of CD 34+ cell ATI receptors.2'27 Angiotensin
II can alter the differentiation of erythroid and myeloid
precursors from hematopoietic stem cells. ACE
inhibitors inhibit the proliferation of hematopoietic
stem and progenitor cells.33 Angiotensin-signaling path-
ways, such as the JAK-STAT pathway, represent the
point of crosstalk between RAS and hematopoiesis.34
Angiotensin II can affect the proliferation and differen-
tiation of CD34(+) cells of umbilical cord blood and
bone marrow origin.'3 Angiotensin peptides act to stim-
ulate the formation ofbone marrow progenitors, thereby
facilitating recovery after myelosuppressive irradiation
in experimental studies.27'35'36

Our findings indicate that locally produced angiotensin
peptides, in the context oflocal hematopoietic bone marrow
RAS, could be active in the pathobiological basis of leuke-
mogenesis. This issue is not just academic,' since the phar-
macological modification ofRAS affects the course of dis-
eases.23'-39 Possible inhibitory effects ofAcSDKP at high
doses on human leukemia cells have been shown.4" There-
fore the negative hematopoietic regulator peptide, AcSDKP,
may be an ideal starting point for the alteration oflocal RAS
kinetics in the bone marrow microenvironment.20'05' A new
class of organometallic compound, the Biphosphinic Pal-
ladacycle Complex [Pd (C2, N-S (-) (dmpa) (dppf)] Cl
(BPC), as anACE inhibitor, which resulted in increased lev-
els of its substrate AcSDKP, has already been shown to act
in hematological regulation.52 Further experimental and
clinical studies should focus on the elucidation of the criti-
cal leukemogenic mechanisms in relation to the molecular
and cellular basis ofthe local bone marrow RAS for the bet-
ter management ofleukemic patients.
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Deputy Director, Division of Extramural Activities
The Department of Health and Human Services (DHHS), National Institutes of
Health (NIH), National Cancer Institute, (NCI) is seeking a Deputy Director, Division
of Extramural Activities (DEA) to assist in directing an approximately 3.5 billion
dollar grant review program. The DEA administers and directs the institute's grant,
cooperative agreement, and contract review and referral activities. In addition,
the DEA provides information about the NCI's peer review and grants policies as
well as committee management and advisory board activities. The Deputy
Director, DEA will be appointed at a salary commensurate with his/her
qualifications and experience. Full federal benefits include leave, health and life
insurance, retirement saving plan (401 K equivalent) and relocation expenses.

Qualifications Required: Applicants must have a doctoral level degree (Ph.D.,
M.D. or equivalents) and have experience in laboratory, clinical or public
health research administration that includes budget formulation and
management as well as grants and contract development. Consideration is
limited to U.S. citizens, resident aliens, or nonresident aliens with a valid
employment authorized visa.

How to Apply: Applicants should send a brief biography, curriculum vitae and
the names and addresses of four references to: Bridgette Tobiassen,
Administrative Resource Center Manager, Division of Cancer Biology/Division
of Extramural Activities, National Cancer Institute, 6130 Executive Boulevard,
Room 5052, Rockville, MD 20852

If you need additional information, please call Bridgette Tobiassen at (301) 496-2871.

DEADLINE FOR RECEIPT OF APPLICATIONS: January 15, 2007

DHHS, NIH and NCI are Equal Employment Opportunity Employers
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