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Summary. Human angiogenin is a potent inducer of
angiogenesis. The association between angiogenin and
cancer progression and poor outcome in solid tumours
has been documented, but its significance in leukaemias has
not been evaluated. We evaluated plasma angiogenin levels
in 101 previously untreated patients with acute myeloid
leukaemia (AML) (59 patients) and advanced myelodys-
plastic syndrome (MDS) (42 patients). Angiogenin levels
were significantly higher in AML and advanced MDS
patients than in healthy individuals (P , 0´00001). Angio-
genin levels were also significantly higher in advanced MDS
than in AML (P � 0´001). Higher levels of angiogenin
correlated with prolonged survival periods in both AML and

advanced MDS patients (P � 0´02 and 0´01 respectively).
We found no correlation between angiogenin plasma level
and various patient characteristics, including age, perform-
ance status, antecedent haematological disorder, haemoglo-
bin, white blood cell and platelet counts, and poor prognosis
cytogenetics. There was no significant correlation between
angiogenin level and complete remission rate and duration
in AML or advanced MDS patients. In multivariate analysis,
angiogenin concentration retained its significance as a
prognostic factor in AML (P � 0´03), together with age
(P � 0´00007) and haemoglobin (P � 0´03).
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Results of several recent studies have suggested that
increased angiogenesis might be important in the patho-
physiology of a number of haematological malignancies
(Vacca et al, 1994, 1999; Perez-Atayde et al, 1997; Pruneri
et al, 1999;Hussong et al, 2000; Lundberg et al, 2000). In
leukaemia, in particular, increased marrow vascularity has
been reported in patients with acute lymphoblastic and
chronic and acute myeloid leukaemias (Perez-Atayde et al,
1997; Hussong et al, 2000; Lundberg et al, 2000). After
induction chemotherapy, the bone marrow of patients with
acute myeloid leukaemia (AML) in complete remission
showed the same range of vascularity as normal controls
(Padro et al, 2000). Our own analysis revealed increased
vascularity in bone marrow from patients with myelodys-
plastic syndrome (MDS) and all types of leukaemia, except
chronic lymphocytic leukaemia (Aguayo et al, 2000).

Vascular endothelial growth factor (VEGF) and its

receptors are expressed in leukaemic cells from most
patients with AML, and serum VEGF levels are significantly
higher than those in normal controls (Fiedler et al, 1997).
High cellular VEGF levels are also a negative prognostic
factor in AML (Aguayo et al, 1999). High urine basic
fibroblast growth factor (bFGF) levels are found in patients
with acute lymphoblastic leukaemia, and decreased bFGF
levels were observed in patients who achieved complete
remission (Perez-Atayde et al, 1997). Serum or bone
marrow aspirate from patients with hairy cell leukaemia
contain higher levels of bFGF than specimens from normal
subjects, and hairy cells have been identified as a source of
bFGF (Gruber et al, 1999). However, many angiogenic
factors have been identified to date, and the development of
more specific and potent anti-angiogenic agents for therapy
in haematological malignancies requires better understand-
ing of the role of each specific angiogenic factor.

Human angiogenin is a basic single-chain protein
composed of 123 amino acids, with a molecular mass of
14´1 kDa (Vallee & Riordan, 1997; Strydom, 1998; Badet,
1999). It was the first angiogenic protein to be isolated from
a human tumour and was characterized on the basis of its
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ability to induce neovascularization. It is one of the
most potent angiogenic agents, as established in a number
of in vivo angiogenesis assays. In vitro studies showed that
angiogenin binds to high-affinity receptors on endothelial
cells, activates cell-associated proteases and triggers several
intracellular events in vascular endothelial and smooth
muscle cells. It induces proliferation, migration and inva-
sion of endothelial cells. It is present in normal human
tissue and fluids and is developmentally regulated. Of
note, angiogenin was also found to be a weak RNase,
which showed 35% homology with pancreatic RNase
(Shapiro et al, 1986; Strydom, 1998). It suppresses protein
synthesis through its function as RNase (St. Clair et al,
1988).

Angiogenin transcripts (and corresponding secreted
protein) have been detected in some leukaemic cell lines
(Rybak et al, 1987; Moenner et al, 1994), but to the best of
our knowledge there are no published data on its levels and
relevance in patients with leukaemia. Herein, we report the
results of our study of angiogenin plasma levels and their
significance in patients with AML and MDS.

MATERIALS AND METHODS

Study group. Angiogenin concentrations were measured
in plasma samples of 101 previously untreated patients with
a diagnosis of AML (59 patients) or advanced MDS (42
patients) seen at the M. D. Anderson Cancer Center between
1994 and 1998. The characteristics of the patients are
shown in Table I. Patients with acute promyelocytic
leukaemia were excluded because of the distinctive clinical

course of this disease. All patients were treated using
frontline AML-type chemotherapy clinical research proto-
cols. All patients were regularly followed up in the
Leukaemia Department outpatient clinic.

Samples. Peripheral venous blood samples were collected
in sterile test tubes (using EDTA as anticoagulant) within
1±2 d before the patients started therapy. On the same day,
plasma was separated from each specimen and then stored
at 2708C. All samples were obtained as per protocol
approved by the hospital Internal Review Board and with
the patients' written informed consent. Samples from 11
healthy individuals were collected and used as controls.
Based on our previous experience in studying many
angiogenic factors (Aguayo et al, 1999, 2000), we collected
and studied only plasma samples.

Plasma angiogenin immunoassay. Angiogenin concentra-
tions were determined as angiogenin immunoreactivity
using a quantitative sandwich enzyme immunoassay
technique (Quantikine Human Angiogenin Immunoassay,
R & D Systems, Minneapolis, MN, USA). The system uses a
solid-phase monoclonal antibody and an enzyme-linked
polyclonal antibody raised against recombinant human
angiogenin. For each sample analysis, 10 ml of plasma was
diluted 200-fold and used as per the manufacturer's
instructions. The calibrations on each microtitre plate
included recombinant human angiogenin. Optical densities
were determined, as per the manufacturer's instructions,
using a microtitre plate reader (Elx808, Bio-Tek Instru-
ments, Winooski, VT, USA). The standard curve was created
using the KC3 computer program (Bio-Tek Instruments)
by plotting the logarithm of the mean absorbency of

Table I. Patients' clinical characteristics.

Patients characteristics AML Angiogenin . 600 ng/ml Advanced MDS Angiogenin . 600 ng/ml

Number of patients (% of group) 59 28 (47) 42 27 (64)

Age . 60 years 37 (63) 16 (57) 31 (74) 21 (78)

Performance status 0±2 55 (93) 26 (93) 41 (98) 27 (100)

Antecedent haematological
disorder 33 (56) 17 (61) 30 (71) 21 (78)

Haemoglobin , 10 g/dl 57 (97) 28 (100) 36 (86) 23 (85)

White blood cells . 20 � 109/l 18 (31) 9 (32) 11 (26) 8 (30)
Platelets , 50 � 109/l 29 (49) 28 (100) 27 (64) 27 (100)

Cytogenetics (prognosis): 24 (41) 11 (39) 24 (57) 16 (59)

Diploid (intermediate) 24 (41) 11 (39) 24 (57) 16 (59)

25, 27, 11q23 or 18 (bad) 14 (24) 8 (29) 14 (33) 9 (33)
t(8; 21) or inv16 (good) 5 (8) 3 (11) 1 (2) 1 (4)

FAB classification:

M 0±2 34 (58) 19 (68)

M 4±5 20 (34) 8 (29)
M 6±7 5 (8) 1 (3)

RA 1 (2) 0

RAEB 14 (33) 10 (37)
RAEB-T 16 (38) 10 (37)

CMML 11 (26) 7 (26)

FAB, French±American±British; RA, refractory anaemia; RAEB, refractory anaemia with elevated blasts; RAEB-T, refractory anaemia with

elevated blasts in transformation; CMML, chronic myelomonocytic leukaemia.
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each standard versus the logarithm of the angiogenin
concentration.

Statistical analysis. All data were collected from reviewing
patients' records and compiled in the Leukaemia Depart-
ment database. Statistical analysis was performed using the
Kruskal±Wallis test for comparing various groups. Survival
was plotted using Kaplan±Meier plots and compared using
the log-rank test. Spearman analysis was used for correla-
tion testing. Multivariate analysis was performed using the
Cox proportional hazard model with variables used as
continuous variables rather than using a cut-off point.

RESULTS

High levels of angiogenin in plasma of patients with AML and
advanced MDS
Among 101 patients with AML and advanced MDS, the
angiogenin plasma concentrations had a median value of
609´7 ng/ml; in the control group, the median plasma
angiogenin level was 197´1 ng/ml (P , 0´00001). The
concentrations of plasma angiogenin were higher in
patients with advanced MDS than in patients with AML
(P � 0´001). For the MDS group, concentrations ranged
from 280´2 to 926´6 ng/ml, and the median value was
632´2 ng/ml. For the AML group, concentrations ranged
from 127´6 to 1054´0 ng/ml, and the median value was
587´2 ng/ml.

High plasma angiogenin levels correlate with longer survival
times
We used a cut-off point of 600 ng/ml (around median for
the whole group) to divide patients into high- and low-
expressors of angiogenin. Twenty-eight of 59 AML patients
(47%) and 27 of 42 MDS patients (64%) had more than
600 ng/ml of angiogenin in their plasma. For both the AML
and advanced MDS groups, patients with angiogenin levels
higher than 600 ng/ml had significantly longer survival
times than patients with angiogenin levels less than
600 ng/ml (P � 0´02 and 0´01 respectively; Fig 1A and
B). We found no correlation between angiogenin plasma
level and various patient characteristics, as shown in
Table II. There was no significant correlation between
angiogenin level and complete remission rate and duration
in AML or advanced MDS patients. Prediction of survival, as
determined by various patient characteristics, is shown in
Table III. In the AML group, but not in the advanced MDS
group, survival correlated significantly with known prog-
nostic factors, including age (P � 0´0001), performance
status (P � 0´02) and poor cytogenetic characteristics
(P � 0´05), as well as with treatment in a protected
environment (P � 0´03). In the multivariate analysis
(Table IV), angiogenin concentration retained its signifi-
cance as a prognostic factor in AML (P � 0´03), together
with age (P � 0´00007) and haemoglobin (P � 0´03).

DISCUSSION

Possible involvement of angiogenin in the development of
cancer was suggested initially by the significant increase in

serum levels of angiogenin in patients with a variety of solid
tumours (e.g. renal cell, ovarian and endometrial cancers)
(Chopra et al, 1996, 1997; Wechsel et al, 1999), by the
elevated levels of angiogenin transcripts in tumour tissues
(e.g. melanoma, colonic and gastric adenocarcinomas) (Li
et al, 1994; Hartmann et al, 1999) and in tumour cell
lines (Rybak et al, 1987; Moenner et al, 1994), and by the
observation that angiogenin antagonists prevent the growth
of human tumour xenografts in athymic mice (Olson et al,
1994). Recent evidence suggests a correlation between
increased angiogenin levels/expression and cancer progres-
sion or poor prognosis in patients with urothelial, colorectal
and pancreatic cancers (Shimoyama et al, 1996, 1999;
Miyake et al, 1999). Based on these findings, potential
angiogenin inhibitors are being screened, and modified anti-
angiogenin antibodies are being tested as anticancer agents
(Olson et al, 1995).

Our study is the first to address the clinical significance of
angiogenin in leukaemia. The finding of a correlation
between high angiogenin levels and prolonged survival
times is in sharp contrast to studies in solid tumours. Two
characteristics of our study group deserve further discus-
sion. Samples used in this study were obtained from patients
with newly diagnosed AML and advanced MDS who were

Fig 1. Survival of patients with AML and advanced MDS based on

pretreatment plasma angiogenin concentration. Angiogenin con-
centrations were measured in the plasma of 59 patients with AML

and 42 patients with advanced MDS. Survival time of patients with

AML (A) and patients with advanced MDS (B) is presented in

relation to the angiogenin level.
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treated using frontline AML-type chemotherapy protocols at
the M.D. Anderson Cancer Center. Although treated with
different chemotherapy regimens, the patient outcome of
such a diverse group does not differ significantly, minimizing
the possibility that treatment allocations influenced the
results reported here (Estey et al, 1997). For this reason, our
study does not include patients with low-risk MDS (except
for one patient with refractory anaemia and poor prognosis
cytogenetics who opted to be treated with AML-type
therapy). Because treatment of low-risk MDS patients
differ widely in our institution, and sometimes includes a
prolonged period of observation, the prognostic significance
of particular characteristic would be difficult to assess. Age,
performance status and cytogenetic analysis are important
prognostic factors for patients with AML and advanced
MDS. In this study, for patients with AML, these three
variables were shown to have prognostic significance.
However, survival of patients with MDS correlated margin-
ally with poor prognosis cytogenetics and not with age and
performance status, suggesting possible bias in MDS group
selection, and that a study of a larger patient group may be
necessary to draw definite conclusions.

The basis for the elevated levels of angiogenin in patients
with AML and advanced MDS requires further study.
Although bone marrow vascularity in patients with these
diseases is significantly higher than in normal individuals,
the levels of different angiogenic factors differ, as one would

expect (Aguayo et al, 2000). Whether angiogenin is
produced by a certain population of malignant cells, bone
marrow stroma or both remains to be determined.

The mechanism by which a high plasma angiogenin level
confers longer survival times in MDS and AML is unclear.
However, angiogenin is unique because, in addition to its
potent angiogenic activity, it has weak RNase activity.
Angiogenin is a member of the RNase superfamily,
exhibiting 35% similarity to pancreatic RNase. It differs in
the putative receptor binding site and the active ribonu-
cleolytic centre, and its activity is directed towards
ribosomal and transfer RNAs rather than standard RNase
substrates (Vallee & Riordan, 1997; Strydom, 1998). The
angiogenin concentration in normal plasma is 8±30 nmol/
l, or 110±380 ng/ml (Blaser et al, 1993). At concentrations
of 40 nmol/l (500 ng/ml) or more, angiogenin abolishes
cell-free protein synthesis by ribonucleolytic inactivation of
the 40S ribosomal subunit (St. Clair et al, 1988). The
physiological target of the angiogenin's ribonucleolytic
activity has not been determined. It inhibits either the
chain elongation step or the termination step of protein
synthesis. In our study, patients with angiogenin plasma
levels of more than 600 ng/ml had longer survival times.
Thus, one may speculate that high plasma angiogenin levels
might influence the survival of patients with AML or
advanced MDS by higher activity as RNase, causing
inhibition of protein synthesis in circulating malignant

Table II. Correlation between angiogenin and various patient characteristics.

P-value for correlation with angiogenin

Patient characteristics AML Advanced MDS

Age 0´27 0´27

Performance status 0´76 0´12
Antecedent haematological disorder 0´71 0´07

Haemoglobin 0´75 0´56

White blood cell count 0´91 0´44

Blast count 0´94 0´32
Monocyte count 0´31 0´91

Platelet count 0´14 0´23

Poor prognosis cytogenetics 0´10 0´80

Table III. Prediction of survival as determined by various patient characteristics.

P-value for prediction of survival

Variable AML Advanced MDS

Angiogenin 0´02 0´01

Age 0´0001 0´19

Performance status 0´02 0´34
Treatment in protected environment 0´03 0´27

Haemoglobin 0´79 0´28

White blood cell count 0´15 0´70

Platelet count 0´87 0´85
Poor prognosis cytogenetics 0´05 0´08
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cells. Although high angiogenin blood levels have been
documented in patients with solid tumours also, it is
probable that the concentration of angiogenin present in
the local tumour environment of these patients is less than
in their blood, thus losing its significance as RNase. This
may, in part, explain the contrasting finding of our study.
This speculation requires further experimentation.

In conclusion, our study demonstrated elevated plasma
angiogenin levels in patients with AML and advanced MDS.
High angiogenin levels were associated with a significantly
increased survival of patients with AML and advanced
MDS, the mechanism of which is unclear. Although anti-
angiogenic therapy with non-specific anti-angiogenic
agents in patients with haematological malignancies is
already undergoing evaluation, the development of targeted
and possibly more potent anti-angiogenic agents mandates
(as evidenced by this report), better understanding of the
role and action of each angiogenic agent.
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