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AbSTRACT

In AML high VEGFA protein expression correlates with poor overall and relapse-free survival 
(OS/RFS). To date, the relevance of the various VEGFA isoforms is unclear. We determined 
VEGF121, VEGF145, VEGF148, VEGF165, VEGF183, and VEGF189 mRNA expression in 
paediatric AML samples and investigated the relation between VEGFA isoform expression 
and clinicopatholologic characteristics and outcome. A significant co-expression of VEGF121, 
VEGF165, VEGF183, and VEGF189 isoforms was apparent (mean rho = 0.716, P < 0.0001).  
This co-expression justifies measuring a single VEGFA isoform (e.g., 121, 165, 183, and 189) as 
representative expression of all VEGFA isoforms in future studies designed to determine the 
prognostic importance of VEGFA isoforms. 
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iNTROduCTiON

A higher VEGFA protein level measured in primary AML blasts correlated with worse relapse-free 
and/or overall survival in paediatric as well as adult AML (1, 2). In various malignancies, and also in 
AML, VEGFA is known for its role in the formation of new vessels, that is, angiogenesis (3). VEGFA 
stimulates angiogenesis by endothelial cell proliferation and migration (4-7). In AML an autocrine 
loop has been elucidated in which VEGFA induces AML cell survival, proliferation, and protection 
against apoptosis via VEGFR signalling (8-10). The biological significance of VEGFA depends on the 
content and ratio of the different isoforms. VEGFA isoforms are generated as a result of alternative 
splicing from the VEGFA gene, consisting of 121, 145, 148, 165, 183, 189, or 206 amino acids 
long (11, 12). VEGFA isoforms bind to the extra cellular matrix with different strength, from freely 
diffusible VEGF121 till strong binding VEGF189 and VEGF206. The level of binding affinity depends 
on the presence or absence of two heparin binding places on the isoform (13). In paediatric AML, 
the expression profile of VEGFA isoforms has not been evaluated. The objective of this study 
was to determine the expression of various VEGFA mRNA isoforms in primary paediatric AML 
blasts. Secondly, we evaluated the relation between expression of different VEGFA isoforms and 
clinicopathologic characteristics and outcome of paediatric patients with AML.

METHOdS

Patient samples
This study was approved by the local ethical committee. Informed consent was obtained and 
consecutive AML samples collected between 1997 and 2006 were included (n = 30) (see Table 
1). All paediatric patients with AML have been treated according to subsequent Dutch Childhood 
Oncology Group (DCOG) ANLL 97 protocol combined Ara-C, intrathecal methotrexate/Ara-C, 
and etoposide with daunorubicin or mitoxantrone, identical to the United Kingdom Medical 
Research Council AML 12 trial (14). The patients in this study were newly diagnosed with AML 
and the diagnosis was established according to WHO criteria. Samples were collected at the time 
of diagnosis. All subjects provided written informed consent. Cytogenetic risk group distinction 
(favorable, intermediate, and unfavorable) is according to current DCOG protocols (15). Favorable 
cytogenetic risk is defined as: t(15;17), t(8;21), inv16, t(16;16); unfavorable cytogenetic risk:  
−5/del(5q), −7/del(7q), inv3/t(3;3), and complex karyotype; intermediate cytogenetic is defined as 
normal karyotype and all other cytogenetic abnormalities.

Isolation of AML Cells, RnA Extraction, and RT-PCR
AML cells were isolated as described previously (1, 16). RNA was isolated using the RNeasy 
Plus Mini Kit (Qiagen Benelux B.V., Venlo, Netherlands) and the Absolutely RNA Miniprep Kit 
(Stratagene Europe, Amsterdam, Netherlands). cDNAs were prepared as described previously (1). 
Primers were designed using Clone manager®.
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Primers used for the PCR’s (F = forward, R = reverse):  
VEGF121 F: GCGGATCAAACCTCACCAAG, R: TCGGCTTGTCACATTTTTCTTG;  
VEGF145 F: GAATGCAGACCAAAGAAAGATAGAG, R: TCGGCTTGTCACATACGCTCC;  
VEGF148 F: GACAAGAAAATCCCTGTGG, R: TCGGCTTGTCACATCTTGCAAC;  
VEGF165 F: GACAAGAAAATCCCTGTGG, R: TCAAGCTGCCTCGCCTTGCAACG;  
VEGF183 F: GAGATGAGCTTCCTACAGCAC, R: GGCCCACAGGGACGGGATTT; and  
VEGF189 F: GAGATGAGCTTCCTACAGCAC, R: CACAGGGAACGCTCCAGGAC.

qRT-PCR was performed on a MyIQ I cycler with IQ-5 software. β2-microglubulin expression was 
used as a housekeeping gene. All experiments were performed in duplo. Of eight patients there 
was not sufficient material to perform analysis of all isoforms (VEGF148 n = 1 patient, VEGF121 
n = 2, VEGF145 and VEGF165 n = 4, and VEGF183 n = 8 patients).

STATiSTiCS

Statistical analyses were performed with SPSS software, release 16.0 (SPSS, Inc., Chicago, IL). 
Actuarial probabilities of overall survival, with death from any cause, as well as relapse-free survival, 
time from complete remission to relapse or death, were estimated according to the Kaplan–
Meier, logrank, and cox regression method. For quantitative parameters, overall differences in 
isoform expression were evaluated using a Kruskal–Wallis test (or Mann–Whitney U-test in case 
of two groups) for the variables such as gender and cytogenetic risk profile. Correlations between 
isoform expression and age at diagnosis and white blood cell (WBC) count were calculated with 
the Spearman rank correlation coefficient (ρ). Correlations amongst different VEGFA isoforms 
were evaluated using Spearman ranks correlation coefficient. The mean correlation coefficient 
was calculated using Fisher’s z-transformation. All tests were two-tailed, and a P-value of <0.05 
was considered statistically significant.

 
RESuLTS

The VEGFA mRNA isoforms VEGF121 (n = 28), VEGF165 (n = 26), and VEGF189 (n = 30) were 
expressed in all AML patient samples. The VEGFA isoform VEGF183 was expressed in blasts of 
19/22 patients. In contrast VEGF145 and VEGF148 were expressed in a minority of AML patients 
(n = 2 and n = 8, respectively) (see Fig. 1). Off note, these AMLs do not belong to a specific 
cytogenetic risk group, nor have other characteristics in common.

None of the VEGFA isoforms showed a correlation with gender, age at diagnosis, WBC count as 
well as cytogenetic risk profile. Furthermore, no correlation was found between any of the VEGFA 
isoforms and OS as well as RFS. VEGFA isoform 121, 165, 183, and 189 expression levels were  
co-expressed (see Fig. 1). VEGF145 and VEGF148 were not included because they are expressed in, 
respectively, only two and eight patients. 
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Each of the correlations between VEGFA isoforms tested was significant: 121–165: rho = 0.629 
(P < 0.0001), 121–183: rho = 0.772 (P < 0.0001), 121–189: rho = 0.838 (P < 0.0001), 165–183: 
rho = 0.549 (P = 0.002), 165–189 rho = 0.680 (P < 0.0001), and 183–189: rho = 0.753 (P < 0.0001). 
The calculated mean correlation coefficient was 0.716 (P < 0.0001).

diSCuSSiON

Co-expression of the VEGFA isoforms VEGF121, VEGF165, VEGF183, and VEGF189 was significant. 
VEGFA (isoforms) play(s) an important role in the process of angiogenesis and type of vessel 
patterning. Differences in vessel pattern seem to be caused by the binding affinity of VEGFA 
isoforms to the ECM (17). The large ECM-binding isoforms VEGF165 and VEGF189 provide matrix-
associated cues, possibly through establishing a VEGF gradient trail, that facilitate epithelial cell 
migration. Cues are absent with freely diffusable VEGF121 (17). This suggests an role for the 
different VEGF isoforms in the patterning of nascent vessels (13, 18). In future studies it might be 
interesting to investigate whether there is a relation between VEGFA isoform expression and bone 
marrow vascularization patterns.

Compared to VEGF121, the isoforms VEGF165 and VEGF189 (isoforms with a high binding affinity 
for the ECM) stimulated endothelial proliferation and angiogenesis more but these isoforms 
first need to be cleaved before they are biologically active. Possibly this period for cleaving is 
the reason that short VEGFA isoforms as VEGF121 may be more tumourigenic in early stages of 
tumour angiogenesis (13, 19). In addition, it could be hypothesized that ECM-binding isoforms in 
contrast to the diffusible isoforms are more strongly adherent to the stroma.

In the present study no relation was found between VEGFA mRNA isoform expression and known 
prognostic factors nor was there a relation with OS and RFS. However, as the sample size in this 
paediatric AML study was relatively small, future studies on the effect of VEGF isoforms ex-
pression on outcome in larger paediatric AML patient cohorts would be needed to generate more 
conclusive results.

Knowing VEGFA isoforms VEGF121, VEGF165, VEGF183, and VEGF189 are mutually correlated 
justifies measuring only a single VEGFA isoform as a representative for the expression of all these 
VEGFA isoforms.
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Table 1 | Characteristics of Paediatric AML Patients. 

Characteristics Total

no. of patients 30

Age at diagnosis (years) 7.2 (0-16)

Sex (m/f) 17/13

WBC (x10⁹/L) 58.9 (2.2-355.0)

Cytogenetic risk profile

favourable 10

Intermediate 9

Unfavourable 5

Unknown 6

Complete remission (no.) 29/30

Death during induction (no.) 1

Death (no.) 11

Relapse (no.) 13

3-year overall survival (no.) 18/29

Follow-up time (months) 64 (19-115)

The characteristics age at diagnosis, white blood cell count (WBC), and follow-up time are shown with medi-
an and range. Favourable, intermediate, and unfavourable cytogenetic risk profile is defined in the Method 
section. 
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Figure 1 |Distribution of VEGFA isoform mRNA expression. 

Data spread of the expression of each VEGFA isoform tested. The black horizontal line represents the median 
VEGFA mRNA isoform expression. For each isoform the number of patients tested is depicted.
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