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Insulin-like growth factors (IGFs) and IGF-binding proteins (IGFBPs) possess mitogenic properties 
promoting cellular proliferation and inhibiting cellular apoptosis. Thus, IGF-system may play a role in tumor 
proliferation. In the present study, we investigated IGF-I and IGFBP-2 in patients with acute

 
myeloid leukemia 

(AML) for their predictive value to identify patients who could be responsive to conventional induction 
chemotherapy. Serum levels of IGF-I and IGFBP-2 were measured (using commercial ELISA kits) in 22 
patients with AML. Following treatment, patients were followed up 14 days after the induction cycle to 
determine if they achieved hematological remission or not. Accordingly, patients were divided into two 
groups: Responders (10 patients) and Non-Responders (12 patients). No significant difference was observed 
in IGF-1 between Responders and Non-Responders, neither before (79.26±4.568 pg/ml vs 72.225±3.62 pg/ml, 
respectively) nor after induction cycle (74.87±3.669 pg/ml vs 69.783±4.329 pg/ml, respectively). However, 
IGFBP-2 was significantly lower in Responders than in Non-Responders both at diagnosis (4250±155.099 
pg/ml vs 6866.67±352.122 pg/ml, respectively) as well as after induction cycle of chemotherapy 
(4130±324.225 pg/ml vs 7150.00±265.290 pg/ml, respectively). It is concluded that, serum IGFBP-2 is 
considered as an independent factor that adds additional information for the prediction of

 
relapse or 

treatment failure and patients with concentration ≥ 4900 pg/ml at diagnosis are suspected to be non-
responders to conventional induction chemotherapy. 

cute myeloid leukemia (AML) 

represents a group of clonal 

hematopoietic stem cell disorders in 

which both failure to differentiate and over 

proliferation in the stem cell compartment 

result in accumulation of non-functional 

myeloblasts and abnormal hematopoiesis 

leading to neutropenia, anemia, and 

thrombocytopenia (McCulloch EA., 1993). 

Chemotherapy has considerably improved the 

clinical outcome of adults with AML. 

However, only 20% to 30% of patients enjoy 

long-term disease-free survival (Tallman et 

al., 2005). The total dose of standard 

induction therapy is of importance for 

remission duration and may be for survival. 

High-dose Ara-C in the induction therapy 

prolongs remission duration in randomised 

trials, but has not been proven to affect long-

term survival. It also increases toxicity and is 

not generally recommended (Kimby et al., 

2001). So, future improvements are unlikely 

to come from further increases in 

chemotherapy intensity. Alternative 

approaches, such as risk-directed therapy 

based on different prognostic criteria, may 

lead to further advances (Tavernier et al., 

2003). 

Insulin-like growth factors (IGF) system 

consists of two IGF peptides (IGF-I and IGF-

II), two receptors, six high-affinity IGF-

binding proteins (IGFBPs) and IGFBP cell 

surface receptors, in addition to IGFBP 

proteases. Furthermore, at least six low-

affinity IGFBP-related proteins (IGFBP-rP), 

IGFBPrP cell surface receptor proteins and 

IGFBP-rP proteases have been characterized 

(Lelbach et al., 2005; Pavelic et al., 2007). In 

addition to their role in IGF transport, the six 

IGFBPs regulate cell activity in various ways. 

By sequestering IGFs away from the type I 

IGF receptor, they may inhibit mitogenesis, 
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differentiation, survival, and other IGF-

stimulated events. IGFBP proteolysis can 

reverse this inhibition or generate IGFBP 

fragments with novel bioactivity. 

Alternatively, IGFBP interaction with cell or 

matrix components may concentrate IGFs 

near their receptor, enhancing IGF activity 

(Fig.1) (Pavelic et al., 2007). Moreover, an 

IGF-independent action of IGFBPs on cellular 

proliferation, apoptosis, and mobility have 

been revealed not only during the embryonic 

state but also in the pathological state of 

cancer (Sue et al., 2002). 

The important role of IGF family of 

peptides (ligands, receptors, binding proteins 

and proteases) as mitogens for variety of 

tumour types including those of hematopoietic 

lineage has been firmly established. As their 

action is strongly interrelated, any 

deregulation of interactions among them may 

lead to the pathological condition, mostly 

cancer formation and progression. In this 

respect, very often, IGF-1 and IGF-2 

overproduced by tumour cells act as autocrine 

stimulators of malignant cells division, 

through binding and stimulating the activity 

of IGFR1 (Grimberg et al., 2000, Qi et al., 

2006, Doepfner et al., 2007), (Fig.1). 

The possible role of the IGF system as a 

regulator for cellular proliferation is of 

particular interest in searching for new 

prognostic approaches in cancer treatment 

(Dawczynski et al., 2006). This study aimed 

to investigate IGF-I and IGFBP-2 for their 

predictive value in identifying patients who 

could be responsive to conventional induction 

chemotherapy.  

 

 

 

   

  

  

 

 

 

 

 

 

 

 

Figure 1. Interactions between growth hormone (GH), insulin-like growth factor I (IGF-I) and insulin-like growth factor 
binding proteins (IGF-BPs). Arrows indicate activity while thin black lines indicate inhibition. Growth hormone (GH) 
binds to GH receptor (GH-R), which leads to IGF-1 production. IGF-1 binds to IGF-R1 and causes enhanced growth 
and cell proliferation, as well as anti-apoptotic and other effects. Interactions of IGF-BPs with IGF-1 reduce the affinity 
of IGF-1 for IGF-R1. On the other hand, associations of IGF-BPs with extracellular matrix. (ECM) decrease the affinity 
of IGFBPs for IGFs and therefore increasing the level of free IGFs. In addition, proteases cleave IGF-BPs rendering 
IGF-BPs in fragments which have low affinity for IGFs (Pavelic et al., 2007).  
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Patients and Methods 

Patient Population 

The current study was conducted on 22 patients with 

newly diagnosed AML (9 males and 13 females; mean 

age: 41.91±3.976 years). After an informed concept 

was obtained for each subject. All patients were 

subjected to full history taking, thorough clinical 

examination and routine laboratory investigations 

including CBC, renal and liver function tests and serum 

uric acid. Imaging studies including CT scan and/or 

MRI were done whenever indicated. 

Diagnosis of AML based on standard morphology 

and cytochemistry of peripheral blood and bone 

marrow films according to the French-American-

British (FAB) criteria (Bennett et al., 1985). Diagnosis 

was confirmed by immunophentyping using a 

comprehensive panel of monoclonal antibodies against 

myeloid associated antigens as proposed by the EGIL 

group (Bene et al., 1995). 

Patients were treated according to the standard 

conventional chemotherapy protocol of AML. The 

treatment protocol of induction entailed Adriamycin 

(45mg/m2/ day for 3 days) and Cytosine-Arabinoside 

(100mg/m2/ day for 7 days) (Esty et al., 2000). Re-

evaluation of patients was performed 14 days after 

receiving the induction cycle to determine if they 

achieved haemtological remission or not. Patients were 

considered to be in complete remission if they achieved 

normalization of neutrophil counts (at least 1.5×10
9 

/L) 

and platelet (PL) counts (more than 100×109/L) and a 

bone marrow (BM) aspirate and biopsy that 

demonstrate at least 20% cellularity, less than 5% 

blasts and Auer rods as well as absence of 

extramedullary leukaemia. These criteria should be 

sustained for at least 4 weeks or until initiation of 

intensification therapy if earlier than 4 weeks (Cheson 

et al., 1990, Greer et al., 1999).
 
Accordingly, patients 

were divided into two groups: Responders (10 patients) 

and Non-Responders (12 patients).  

Venous blood samples at presentation and 14 days 

after induction therapy were obtained. Separated serum 

were stored at -70°C till time of assays. 

IGF-1 and IGFBP-2 

Serum levels of IGF-1 and IGFBP-2 were measured 

using quantitative commercial Enzyme-Linked 

Immunosorbent Assay (ELISA) kits (RayBio® ELISA 

kits for measurement of human IGF-1 and IGFBP-2, 

respectively) according to their manufacturer’s 

instructions. Used test kits employ antibodies specific 

for human IGF-1 or IGFBP-2, respectively, coated on 

96-well plates. Standards and samples were pipetted 

into the wells and IGF-1 or IGFBP-2 present in a 

sample is bound to the wells by the specific 

immobilized antibody. The wells were washed and 

biotinylated anti-human IGF-1 or IGFBP-2 antibodies 

were added to the corresponding plate. After washing 

away unbound biotinylated antibodies, HRP-

conjugated streptavidin was pipetted to the wells. The 

wells were again washed, a TMB substrate solution 

was added to the wells and a color developed in 

proportion to the amount of bound IGF-1 or IGFBP-2, 

respectively. The Stop Solution changes the color from 

blue to yellow, and the intensity of the color is 

measured at 450 nm. The minimum detectable doses of 

IGF-I and IGF-BP-2 by applying RayBio® ELISA kits 

are typically less than 45 pg/ml and 20 pg/ml, 

respectively 

Statistical Analysis 

Statistical analysis was performed using Spss version 

11.5. Due to small sample size comparison of variables 

was done using non-parametric statistics. Comparing 

values before and after chemotherapy was done using 

the Wilcoxon Signed rank test. Testing the difference 

between responders vs non-responders to 

chemotherapy was done using the Mann Whitney test. 

Roc curve was applied to test the performance IGFBP-

2 as a predictive marker for response to treatment. All 

tests were 2-sided and alpha was at 0.05. Data are 

presented as mean ± SE. 

Results 

Patients characteristics (age, gender and main 

clinical and hematological findings) at 

presentation are summarized in Table 1.  

No significant difference was observed 

between Responders and Non-Responders, 

neither before (79.26±4.568 pg/ml vs 

72.225±3.62 pg/ml, respectively) nor after 

induction cycle (74.87±3.669 pg/ml vs 

69.783±4.329 pg/ml, respectively). Also, 

when serum levels of IGF-I measured before 

and after induction chemotherapy were 

compared to each other, no significant 

difference was observed neither in 

Responders nor in Non-Responders, (Table 

2). 

Serum levels of IGFBP-2 were 

significantly lower in Responders than in 
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Non-Responders at diagnosis (4250±155.099 

pg/ml vs 6866.67±352.122 pg/ml, 

respectively) and after induction cycle of 

chemotherapy (4130±324.225 pg/ml vs 

7150.00±265.290 pg/ml, respectively). The 

highest sensitivity and specificity of IGFBP-2 

was detected at concentration ≥ 4900 pg/ml. 

However, comparing data before and after 

chemotherapy within each group showed non-

significant difference. (Table 2)  

Table 1. Characteristics & Clinical Data of AML Patients 

  Responders Non-Responders 

Number (total: 22) 10 12 

Age (year), mean ± SE 43 ± 6.525 41± 17.71 

Gender:   

Male: n (%) 4 (40%) 5 (41.67%) 

Female n (%) 6 (60%) 7 (58.33%) 

FAB- subtype:   

M1 2 5 

M2 3 3 

M4 3 2 

M5a 2 2 

Clinical presentation:   

Fever 2 6 

Weight loss 6 8 

Pallor 5 8 

Hepatomegaly 1 - 

Splenomegaly 1 2 

Lymphadenopathy 1 - 

Gum hypertrophy 3 2 

Bleeding tendency 2 1 

Hematological findings:(mean ± SE)   

Hb (gm / dl) 8.28 ± 0.528 7.33 ± 0.603 

TLC (x10
9
 / L) 49283.3 ± 11150.602 33987.5 ± 107659.23 

PL (x10
9
 / L) 54666.7 ± 18538.252 77250 ± 3426.707 

PB blasts (%) 63.67 ± 10.475 51.38 ± 9.385 

BM blasts (%) 67.17 ± 8.219 83.13 ± 2.055 

Table 2. Serum concentration of IGF-I & IGFBP-2 (pg / ml) in AML patients before & after induction chemotherapy. 

  Responders Non-Responders P 

IGF-I (mean ± SE)  

Before chemotherapy 79.26 ± 4.568 72.225 ± 3.62 NS 

After chemotherapy 74.87± 3.669 69.783 ± 4.329 NS 

P NS NS  

IGFBP-2 (mean ± SE)  

Before chemotherapy 4250 ± 155.099 6866.67 ± 352.122 < 0.001* 

After chemotherapy 4130 ± 324.225 7150.00± 265.290 < 0.001* 

P NS NS  

*Significant difference was concerned at P ≤ 0.05, NS= not significant. 
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Discussion 

Acute myeloid leukemia (AML) that is non-

responsive to initial chemotherapy, is 

generally of poor prognosis (Tavernier et al., 

2003). On the other hand, it has been 

observed that quality of life was superior for 

patients treated with conventional 

chemotherapy than for those treated with 

allogeneic stem cell transplantation (Messerer 

et al., 2008) However, drug resistance is still a 

major problem in the treatment of patients 

with AML(Abe et al., 2006) 

During the last years, significant changes 

of the IGF factors and IGF-binding proteins 

have been found in association with several 

tumors as well as leukemia (Barrios et al., 

2000; Miraki-Moud et al., 2001; Yu et al., 

2001; Dawczynski et al., 2003). IGF-I has 

several cellular actions that may favour 

tumour growth, including mitosis, anti-

apoptosis, induction of vascular endothelial 

growth factor (proangiogenic), and increased 

cell migration. In addition, the bioavailability 

of both IGF-I and IGF-II is regulated by 

specific IGF-binding proteins (IGFBPs) 

especially IGFBP-2 which was found to have 

a mitogenic effects in normal and neoplastic 

cells (Dawczynski et al., 2003). Estrov et al. 

(1991) and Doepfner et al. (2007) have 

studied the effect of insulin-like growth 

factor-1 on the growth and survival of 

leukemic cells in vitro and found that IGF-1 

stimulated AML blast-colony growth at 

concentrations ranging from 0.05 to 0.5 

ng/mL by up to 65%. Their in vitro data 

suggested that circulating IGF-1 may promote 

leukemic blast cell replication in vivo.  

It has been shown that extracellular matrix-

associated IGFBP-2 regulates local IGF 

availability and limited proteolysis of IGFBP-

2 increases bioavailability of IGFs and mitosis 

(Arai et al., 1996; Menouny et al., 1997; 

Russo et al., 1997). In several in vitro studies, 

the effects of IGFBP-2 in tumorigenesis were 

investigated and both inhibitory and 

stimulatory consequences on cell proliferation 

have been described (Hoeflich et al., 2001). In 

general, IGF ligand binding to IGFBP-2 leads 

to inhibition of the IGF-induced IGF-1R 

stimulation on the cell membrane. Proteolytic 

cleavage of cell surface-bound IGFBP-2 with 

subsequent decreased affinity for IGF, 

however, result in stimulation of IGF effects 

and supports also the concept of IGF-

dependent growth-inhibitory effects of 

IGFBP-2 (Menouny et al., 1997). On the 

other hand, a number of in vitro studies 

showed a positive association between 

IGFBP-2 expression, cell proliferation, and 

degree of malignancy and IGF-independent 

effects of IGFBP-2 have been assumed 

(Plymate et al., 1996; Hoeflich et al., 2000). 

However, the debate about the direct or 

indirect relationship of IGF I and IGFBP-2 to 

recurrence of malignancy, especially in 

patients with leukemia, is still unresolved. 

In the current study, serum levels of IGF-I 

and IGFBP-2 were measured in adult patients 

with AML, at diagnosis and 14 days after 

induction chemotherapy. According to 

achievement of hematological remission in 

response to treatment, patients were divided 

into two groups: Responders and Non-

Responders.  

The finding in this study that, no significant 

difference in IGF I was observed between 

Responders and Non-Responders, neither 

before nor after the induction cycle, agreed 

with Krawczuk-Rybak et al. (2005) who 

observed that IGF-I measured at diagnosis is 

similar to corresponding levels measured after 

conventional treatment. On the contrary, 

Mohnike et al. (1996) observed that serum 

level of IGF-I had normalized after 

haematological remission upon 

chemotherapy. Also, Abe et al. (2006) found 

that IGF-I expression levels are higher in 

patients refractory to Ara-C combined 

chemotherapy, than those at diagnosis, and 

suggested that IGF-I may have a role in the 
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development of Ara-C resistance and the 

inhibition of its downstream pathway is a 

valuable therapeutic approach to overcome 

Ara-C resistance in AML. However, data of 

the current study did not support those later 

findings. This conflict might be attributed to 

difference in treatment protocols and age 

groups. 

The finding in the present study that 

IGFBP-2 is significantly lower in Responders 

than in Non-Responders both at diagnosis as 

well as after induction cycle of chemotherapy 

is an interesting observation. Elevated 

IGFBP-2 at the time of diagnosis may be of 

value as risk factor for lack of remission or 

relapse. These findings are in acceptance with 

many Scientists. Initially, Mohnike et al. 

(1996) observed that elevated serum levels of 

IGFBP-2 are normalized after haematological 

remission upon chemotherapy. Same findings 

have recently been supparted by Krawczuk-

Rybak et al. (2005), who suggested that serum 

levels of IGFBP-2 may be directly related to 

the proliferation of lymphoblasts. Similarly, 

Dawczynski et al., (2003 & 2006) examined 

the diagnostic and prognostic significance of 

elevated IGFBP-2 levels in children with 

AML after hematopoietic stem cell 

transplantation (HSCT) at relapse and 

continuous complete remission (CCR). They 

analyzed serum levels of IGFBP-2 up to 18 

months after HSCT and found that AML-

patients with evidence of relapse demonstrate 

a continuous increase of IGFBP-2 levels 

during the follow-up. Similarly, Vorwerk et 

al., (2005) and Dawczynski et al., (2008) 

observed that highly elevated serum levels of 

IGFBP-2 at the time of diagnosis correlate 

with a higher risk of relapse. Although our 

data showed similar levels of IGF-I and 

IGFBP-2 within each group before and after 

chemotherapy, the highly significant increase 

of IGFBP-2 in Non-Responders than in 

Responders supports the direct relation 

between IGFBP-2 and poor prognosis in 

AML patients. It was previously observed that 

human cell lines with IGFBP-2 expression 

showed higher tumorigenicity compared to 

cell lines without or lower IGFBP-2 

expression (Menouny et al., 1998). So, serum 

IGFBP-2 could be considered as an 

independent
 

factor that adds additional 

information for the prediction of
 
relapse or 

treatment failure to the conventional 

prognostic
 
factors such as white blood cell 

count and platelet count at
 
diagnosis. Patients 

with acute
 
myeloid leukemia having serum 

IGFBP-2 concentration ≥ 4900 pg/ml at 

diagnosis might be suspected to be non-

responders to conventional induction 

chemotherapy. Identification of those patients 

allows a more individualized and aggressive 

adjuvant treatment and follow-up.  

In conclusion, this study provides evidence 

that serum IGFBP-2 level is linked to the 

outcome of AML. We recommend the 

inclusion of IGFBP-2 serum levels as 

conventional risk factors of AML. However, 

prediction models using only components 

from the IGF system need to be critically 

examined. The weak correlations between 

conventional risk factors and components of 

the IGF system indicate the existence of 

different classes of variables with little 

interaction. This may encourage the search for 

additional factors that could provide better 

information for the optimal treatment of those 

patients. 
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