
 

 

Introduction 
 
The Vav family of proteins, which consists of 
Vav1, 2, and 3, are intracellular signal transduc-
tion proteins which function, in part, as a gua-
nine nucleotide exchange factor (GEF). Vav1 
was first identified in the Barbacid laboratory in 
1989 as part of a screen for oncogenes with the 
ability to transform NIH3T3 fibroblasts [1]. Inter-
estingly, the version of the Vav protein responsi-
ble for transformation was an N-terminal dele-
tion that has not been identified in human can-
cers to date [2]. Research into the structure and 
function of Vav1 has identified it as a member 
of the Dbl-homology (DH) domain superfamily, 
over 70 of which have been identified to date in 
humans. The Vav DH domain mediates GEF 
activity towards the Rho/Rac family of GTPases. 
 
Examination of a pooled database of mRNA 
gene expression profiles of normal tissue sam-
ples from many independent laboratories re-
veals that Vav1 is largely restricted to blood, 
spleen, and to a lesser extent lung, supporting 
previous reports that Vav1 expression is limited 
to the hematopoietic system during normal de-
velopment and homeostasis [3]. Interestingly, 
data from the same database indicates that 

expression of Vav1 remains high in hematologic 
malignancies as a class. 
 
There are two other members of the Vav family 
that have been identified, Vav2 and Vav3. 
These family members have a broader expres-
sion pattern and are not restricted to the hema-
topoietic system. Similar to Vav1, N-terminal 
deletion of Vav2 and 3 renders them oncogenic 
in vitro [4,5]. In the hematologic system, the Vav 
proteins can partially compensate for each 
other. Elsewhere, Vav2 has been suggested to 
mediate a role in cell movement by transducing 
signals from Afadin dilute domain- interacting 
protein (ADIP), which localizes to the leading 
edge of cells, to the GTPase Rac [6]. Recent 
research has implicated Vav3 in the develop-
ment of a β2 integrin dependent phagocytic 
synapse between apoptotic polymorphonuclear 
leukocytes and macrophages during wound 
healing [7]. This review will focus on the role of 
Vav1 in the development of hematopoietic ma-
lignancies. 
 
Gene/Protein structure of Vav1 protooncogene 
 
Examination of the gene structure of Vav1 re-
veals that it has 27 exons which span 77kb on 
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chromosome 19 (19p12-12p13.2) [8]. Careful 
research has identified several functional do-
mains in the Vav1 protein (Figure 1): i.) A cal-
ponin homology domain which may function as 
an actin binding domain and is involved in cal-
cium mobilization; ii.) An acidic domain; iii.) Dbl-
homology domain (DH) which catalyzes guanine 
nucleotide exchange towards Rho family 
GTPases (Rac1, cdc42, RhoG); iv.) Pleckstrin 
homology domain (PH) which mediates interac-
tion with phospholipids [9,10] and the WD-40 
repeats motif [11,12] and results in localization 
of Vav to the plasma membrane. This domain is 
required for the normal catalytic activity of the 
DH domain [13,14]; v.) Src homology domain 
which mediates protein-protein interactions 
[15]. 
 
N-terminal deletion oncogenic Vav1 is a conse-
quence of the removal of the calponin homology 
and acidic domains. There are multiple sites of 
tyrosine phosphorylation which regulate Vav1 
GEF activity; three N-terminal tyrosine residues 
located at 140, 160, and 174 within the acidic 
domain, and C-terminal tyrosine residues 826 
and 841 [16,17]. Interestingly, when Lazer and 
colleagues [17] expressed the C-terminal Y826F 
and Y841F mutants in Vav1 null pancreatic can-
cer cells, their transforming ability was abro-

gated, suggesting that normally regulated GEF 
activity is required for pancreatic carcinogene-
sis. 
 
Biological Function of Vav1 
 
Vav1 plays a critical role in the development 
and activation of T-cells, in part through activa-
tion of specific Rho/Rac GTPases by catalyzing 
the exchange of GTP for GDP (Figure 2). By acti-
vating Rac GTPase, Vav1 mediates downstream 
responses to Src and Syk family kinases signals 
following T-cell receptor stimulation and thus 
plays an important role in the transduction of 
extracellular signals. The guanine nucleotide 
exchange factor activity and specificity for Rac 
GTPases is mediated by the DH and PH do-
mains. While many GEF family members are 
specific for one GTPase, Vav1 has been shown 
to be capable of activating Cdc42, Rac1, RhoG, 
and RhoA [13]. 
 
Vav1 plays an important role in the actin cy-
toskeletal reorganization following T-cell activa-
tion through the T-cell receptor (TCR). For exam-
ple, it has been demonstrated that Vav1 null 
murine lymphocytes have inhibited actin polym-
erization and a lack of clustering of TCR into 
patches following TCR activation [18]. T-cell in-

Figure 1. Schematic representation of Vav1 protein structure.  The calponin homology domain (CH) may function as 
an actin binding domain and is involved in calcium mobilization.  The acidic domain (AC) contains multiple tyrosine 
phosphorylation sites (Y) that control guanine nucleotide exchange factor (GEF) activity.  The Dbl-homology (DH) do-
main catalyzes guanine nucleotide exchange.  The pleckstrin homology (PH) and C1 (zinc finger) domains regulate 
and contribute to GEF activity and modulate binding to phospholipids and WD-40 domain motifs.  The three Src ho-
mology domains (SH2 and SH3) mediate protein-protein interactions. C-terminal tyrosine phosphorylation sites also 
play a role in Vav1 regulation. 
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teraction with antigen presenting cells requires 
cytoskeletal reorganization to create a func-
tional immunological synapse. The catalytic GEF 
function of Vav1 has been shown to be required 
for transmitting signal from the TCR to the cy-
toskeleton.  When the murine wild type Vav1 
allele is replaced with a version of Vav1 that 
folds correctly, but has deficient GEF catalytic 
activity, actin cytoskeletal reorganization follow-
ing TCR stimulation is abrogated [19]. Following 
stimulation of the TCR, Vav1 is phosphorylated 
at the N-terminal tyrosine amino acids 140, 
160, and 174 which upregulate GEF activity 
[20]. Research in several different systems has 
demonstrated that tyrosine phosphorylation can 
also be induced by stimulation of the B-cell re-
ceptor, FcRI, cytokine receptors, integrins and 
growth factor receptors [21]. 
 
Activation of Vav1 via TCR stimulation has been 
shown to regulate transcription factor activity in 
T-cells, such as NFAT, and subsequent IL2 tran-
scriptional activation. In addition studies of Vav 

null mice have provided evidence that Vav1 
regulates the calcium, ERK-MAP kinase, and NF-
κB pathways in B and T-cells [22,23]. 
 
Vav1 is required for normal T-cell development 
as it transduces the developmental signals re-
ceived at the pre-TCR, and an absence of Vav1, 
leads to a block at developmental checkpoints, 
which is accentuated by further deletion of Vav2 
and 3 [24].   Deficiency of Vav1 alone is suffi-
cient to cause arrest of positive and negative 
selection of CD4+CD8+ double positive thymo-
cytes [25]. Mice deficient for the entire 
Vav1/2/3 family have been generated and 
these animals do not develop mature B- and T-
lymphocytes, and do not develop normal T-cell 
dependent and independent humoral re-
sponses following stimulation [24]. 
 
In further regard to the mature B-cell deficiency 
seen in mice lacking all three Vav proteins, it 
has been shown to be associated with the dis-
ruption of both constitutive NF-κB activity in 

Figure 2. Role of Vav1 in T-cell receptor (TCR) signaling.  Engagement of the TCR initiates signal transduction via Src 
and Syk family kinases resulting in activation of Vav1.  The guanine exchange factor (GEF) activity of Vav1 activates 
Rho/Rac GTPases which initiate integrin activation and cytoskeletal remodeling, facilitating the formation of the im-
mune synapse.  Additionally, activated Vav1 controls T-cell development and activation via modulation of calcium flux 
and the ERK-MAP kinase, NF-kappaB, and NFAT pathways by GEF independent protein-protein interactions.  
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resting naïve B-cells and decreased expression 
of NF-κB regulated anti-apoptotic genes, such 
as BCL-2, in mature B-cells, resulting in short-
ened B-cell lifespan [23].  The role of Vav in NF-
κB pathway signal transduction is also high-
lighted by the finding that Vav-deficient mice are 
unable to generate a neutrophil oxidative burst 
when stimulated by LPS, a Toll-like receptor 
(TLR) ligand whose binding to TLR activates NF-
κB.   
 
Vav1 and 3 have also been shown to play an 
important role in modulating the reactivity of 
platelets [26]. Finally, Vav1 appears to assist in 
the perivascular localization of hematopoietic 
stem and progenitor cells near nestin+ mesen-
chymal stem cells [27]. In sum, the Vav family, 
and in particular Vav1, play an important role in 
the normal development and maintenance of 
the hematopoietic and immunologic system in 
humans. 
 
Vav and human malignancy 
 
Given the established role of Vav1 in transduc-
ing extracellular activation and developmental 
signals, it is not surprising that this pathway has 
been implicated in a number of diverse human 
cancers. Abberrant Vav1 expression was dem-
onstrated in a majority of human neuroblas-
tomas examined by Hornstein et al. [28]. An-
other study found that Vav1 is expressed in 
greater than 50% of pancreatic adenocarcino-
mas examined, and data was presented to sug-
gest that Vav1 promoter demethylation was the 
mechanism [29]. Importantly, the authors pre-
sented data that suggested Vav1 expression 
contributed to the neoplastic pancreatic pheno-
type and may be a potential prognostic bio-
marker for more aggressive disease. A recent 
report identified ectopic Vav1 expression in 
26/59 of a variety of primary lung carcinomas 
including adenocarcinoma, squamous cell carci-
noma, and bronchioloaveloar carcinoma [30]. 
Interestingly, the authors show that siRNA 
knockdown of Vav1 expression in a lung cancer 
cell line reduced their potential to generate tu-
mors when injected into nude mice. Thus, ec-
topic Vav1 expression has been linked to a 
number of human cancers, and preliminary evi-
dence appears to support Vav1 as a possible 
pharmacologic target in these malignancies. 
 
GEFs other than Vav have previously been 
shown to play a role in the development of he-

matologic malignancy [31]. For example, the 
Rho specific GEF, BCR is frequently translocated 
in hematologic malignancies, often translocat-
ing proximally to the tyrosine kinase ABL to form 
the Philadelphia chromosome, the expression of 
which is both necessary and sufficient for the 
development of chronic myelogenous leukemia. 
Another RhoA specific GEF, LARG, has been 
identified as a fusion partner of the mixed line-
age leukemia gene in acute myeloid leukemia, 
and some evidence has shown that this protein 
in excess amounts can contribute to neoplasia 
[31]. Thus, there are multiple lines of evidence 
that deregulation of the Vav associated path-
ways of signalling can lead to the development 
of cancer. 
 
  
Vav and leukemia/lymphomagenesis 
 
Multiple studies have begun to define a role for 
Vav in the development and progression of he-
matological malignancies. Transgenic mice 
have been generated with Vav1, 2, 3, and 
Rasgrf2 null alleles individually and in combina-
tion, and as mentioned above, these animals 
have defects in T-cell development and activa-
tion. Somewhat unexpectedly, longitudinal stud-
ies of Vav1 null mice revealed an increased inci-
dence of aggressive lymphoblastic-like T-cell 
leukemia/lymphomas [32]. The latency to the 
development of this murine T-cell leukemia/
lymphoma decreased and the incidence in-
creased when Rasgrf2, a GEF with specificity for 
Ras and Rho/Rac GTPases, was additionally 
deleted from the genome in these mice. Exami-
nation of the immunophenotypic characteristics 
reveal the T-cell leukemia/lymphoma to be simi-
lar to those that develop spontaneously in older 
mice. 
 
This increased development of T-cell lym-
phoblastic-like tumors in Vav1 null mice was 
unexpected given previous data implicating 
Vav1 as a proto-oncogene; indeed, this result 
complicates predictions of possible efficacy of 
Vav1-targeted small molecule inhibitors on the 
development and progression of human cancer. 
Given that Vav1 plays a role in the normal selec-
tion of mature thymocytes during development, 
one possibility is that Vav1 may help to reduce 
the negative selection of T-cell clones with po-
tentially neoplastic rearrangements of somatic 
DNA during development. Alternatively, Dumont 
et al. [25] have shown that deletion of both the 
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Vav and Rac family in mice leads to upregula-
tion of Notch signaling during early thymic de-
velopment. The role of gain of function Notch1 
alterations in the development of murine and 
human T-cell lymphoblastic lymphoma has been 
well established [33], and thus it is tempting to 
speculate that Vav and Rac signalling altera-
tions lead to T-cell lymphoblastic leukemia/
lymphoma through deregulation of Notch signal-
ing (Figure 3). 
 
Interestingly, Berquam-Vrieze et al. describe 
their results with a novel forward genetic screen 
where they induce T-cell lymphoblastic leuke-
mia/lymphomas in mice by targeting mutational 
transposons to specific developmental stages of 
thymocytes [34]. When they conditionally delete 
Vav from hematopoetic stem cells and examine 
the resultant T-cell leukemia for transposon 
mediated driver mutations, mutations in Notch1 
were frequently found (72%), again emphasizing 

the connection between Vav signaling, Notch 
activation, and the development of T-cell malig-
nancies. When the T-cell leukemia is induced in 
a later stage of T-cell development using an 
alternate transgene to Vav (Lck), the driver mu-
tations are no longer found in Notch1. 
 
The first human hematological malignancies 
that provided evidence of deregulated Vav1 was 
B-cell chronic lymphocytic leukemia (B-CLL).  
Prieto-Sanchez et al. [35] examined Vav1 pro-
tein levels and phosphorylation status in 118 
unselected cases of hematologic neoplasms 
which included myeloproliferative neoplasms 
and a variety of B-cell malignancies. They found 
that Vav1 was phosphorylated and overex-
pressed in 10 of 14 cases of B-CLL with 13q 
deletion.  Vav1 protein levels were not altered in 
any of the myeloproliferative neoplasms exam-
ined. 
 
An expression profiling study by Hollmann et al. 
[36] revealed correlation between the expres-
sion of Vav1 and CD40-mediated apoptosis in 
diffuse large B-cell lymphoma cell lines. They 
found that Vav1 expression may have a role in 
the disparity between DLBCL cell lines sensitive 
to CD40 stimulation and those resistant to it. 
The cell lines resistant to CD40 induced apop-
tosis had reduced NF-κB activation and mark-
edly reduced Vav1 levels. Interestingly, the au-
thors found an association between increased 
Vav1 expression and a higher proliferative in-
dex, and the post-germinal center marker Irf-4. 
While it is unclear whether accentuation or re-
duction of Vav levels is the best approach to 
address the malignant B-cell phenotype, there is 
clear data in support of the role of Vav1 regula-
tion in the survival of normal B-cells [23].  In a 
malignant T-cell line, Yin, et. al. [37] has demon-
strated a correlation between increased Vav1 
expression and increased Bcl2 expression 
which is associated with decreased sensitivity to 
fas-mediated apoptosis, but to our knowledge, 
this has not been described in malignant B-
cells.  
 
In acute myeloid leukemia (AML), several stud-
ies have shown that Vav1 is required for ATRA 
induced differentiation of human promyelocytic 
leukemia cell lines to neutrophils as well as 
PMA induced maturation of these same cell 
lines to monocytes/macrophages [38-40]. Inter-
estingly, evidence is presented that Vav1 is di-
rectly recruited to the promoter of CD11b, an 

Figure 3. Proposed model of Vav1 deletion mediated 
murine T-cell lymphoblastic leukemia/lymphoma 
genesis.  Deletion of both Vav and Rac family genes 
in mice leads to upregulation of Notch signaling dur-
ing early thymic T-cell development and may contrib-
ute to the selection and expansion of malignant 
thymic T-cell clones. 
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integrin selectively expressed on the surface of 
mature granulocytes, and may participate in 
transcriptional regulation of CD11b during ATRA 
induced differentiation [41].  However, there is 
no evidence that Vav1 has a tumor suppressor 
role in AML as repressed Vav1 expression has 
not been associated with AML in humans nor 
has it lead to the development AML in Vav-
deficient mice. 
 
Summary 
 
The Vav family of proteins mediate signal trans-
duction through tyrosine phosphorylation de-
pendent guanine nucleotide exchange activity. 
Vav1 is expressed only in the immune system 
and plays a role in a diverse number cellular 
processes including TCR and BCR activation 
with concomitant cytoskeleton reorganization. 
While Vav1 was originally identified as an proto-
oncogene capable of inducing transformation in 
NIH3T3 fibroblasts, recent data has identified a 
requirement for Vav for normal T-and B-cell de-
velopment. In animals lacking the Vav family, 
not only do T-cells fail to normally develop, but 
there is an increased incidence of T-cell malig-
nancies. While Vav remains an attractive phar-
macologic target for a small molecule inhibitor 
of its enzymatic activity, more work is required 
to more precisely delineate the specific sub-
types of human hematologic malignancies in 
which Vav1 deregulation is coupled to a neo-
plastic phenotype. 
 
Acknowledgement 
 
This study was partially supported by the grant 
IIRG-08-90524 from Alzhermer’s Association (to 
DSW) and the NIH grant R21 AG029972 (to 
DSW). 
 
Declaration conflict of interest 
 
None. 
 
Address correspondence to: David T Yang, MD, De-
partment of Pathology and Laboratory Medicine, Uni-
versity of Wisconsin School of Medicine and Public 
Health, Madison, WI, USA. E-mail: dtyang@wisc.edu  
 
References 
 
[1] Katzav S, Martin-Zanca D, Barbacid M. Vav, a 

Novel Human Oncogene Derived from a Locus 
Ubiquitously Expressed in Hematopoietic Cells. 
EMBO J 1989;8:2283-90. 

[2] Katzav S, Cleveland JL, Heslop HE, Pulido D. 
Loss of the amino-terminal helix-loop-helix do-
main of the vav proto-oncogene activates its 
transforming potential. Mol Cell Biol 1991;11: 
1912-20. 

[3] Shin G, Kang TW, Yang S, Baek SJ, Jeong YS, 
Kim SY. GENT: Gene Expression Database of 
Normal and Tumor Tissues. Cancer Inform 
2011;10:149-57. 

[4] Movilla N, Bustelo XR. Biological and regulatory 
properties of Vav-3, a new member of the Vav 
family of oncoproteins. Mol Cell Biol 1999;19: 
7870-85. 

[5] Schuebel KE, Movilla N, Rosa JL, Bustelo XR. 
Phosphorylation-dependent and constitutive 
activation of Rho proteins by wild-type and on-
cogenic Vav-2. EMBO J 1998;17:6608-21. 

[6] Fukumoto Y, Kurita S, Takai Y, Ogita H. Role of 
Scaffold Protein Afadin Dilute Domain-
interacting Protein (ADIP) in Platelet-derived 
Growth Factor-induced Cell Movement by Acti-
vating Rac Protein through Vav2 Protein. J Biol 
Chem 2011;286:43537-48. 

[7] Sindrilaru A, Peters T, Schymeinsky J, 
Oreshkova T, Wang H, Gompf A, Mannella F, 
Wlaschek M, Sunderkotter C, Rudolph KL, Wal-
zog B, Bustelo XR, Fischer KD, Scharffetter-
Kochanek K. Wound healing defect of Vav3-/- 
mice due to impaired {beta}2-integrin-
dependent macrophage phagocytosis of apop-
totic neutrophils. Blood 2009;113:5266-76. 

[8] Denkinger DJ, Borges CR, Butler CL, Cushman 
AM, Kawahara RS. Genomic organization and 
regulation of the vav proto-oncogene. Biochim 
Biophys Acta 2000;1491:253-62. 

[9] Wang DS, Shaw G. The association of the C-
terminal region of beta I sigma II spectrin to 
brain membranes is mediated by a PH domain, 
does not require membrane proteins, and coin-
cides with a inositol-1,4,5 triphosphate binding 
site. Biochem Biophys Res Commun 1995;217: 
608-15. 

[10] Wang DS, Miller R, Shaw R, Shaw G. The pleck-
strin homology domain of human beta I sigma II 
spectrin is targeted to the plasma membrane in 
vivo. Biochem Biophys Res Commun 1996; 
225:420-6. 

[11] Wang DS, Shaw R, Winkelmann JC, Shaw G. 
Binding of PH domains of beta-adrenergic re-
ceptor kinase and beta-spectrin to WD40/beta-
transducin repeat containing regions of the 
beta-subunit of trimeric G-proteins. Biochem 
Biophys Res Commun 1994;203:29-35. 

[12] Wang DS, Shaw R, Hattori M, Arai H, Inoue K, 
Shaw G. Binding of pleckstrin homology do-
mains to WD40/beta-transducin repeat con-
taining segments of the protein product of the 
Lis-1 gene. Biochem Biophys Res Commun 
1995;209:622-9. 

[13] Rapley J, Tybulewicz VL, Rittinger K. Crucial 
structural role for the PH and C1 domains of 
the Vav1 exchange factor. EMBO Rep 



Vav1 in hematologic neoplasms  

 
 
7                                                                                                                            Am J Blood Res 2012;2(1):1-8 

2008;9:655-61. 
[14] Wang DS, Deng T, Shaw G. Membrane binding 

and enzymatic activation of a Dbl homology 
domain require the neighboring pleckstrin ho-
mology domain. Biochem Biophys Res Commun 
1997;234:183-9. 

[15] Katzav S. Flesh and blood: the story of Vav1, a 
gene that signals in hematopoietic cells but can 
be transforming in human malignancies. Can-
cer Lett 2007;255:241-54. 

[16] Crespo P, Schuebel KE, Ostrom AA, Gutkind JS, 
Bustelo XR. Phosphotyrosine-dependent activa-
tion of Rac-1 GDP/GTP exchange by the vav 
proto-oncogene product. Nature 1997;385:169
-72. 

[17] Lazer G, Pe'er L, Farago M, Machida K, Mayer 
BJ, Katzav S. Tyrosine residues at the carboxyl 
terminus of Vav1 play an important role in regu-
lation of its biological activity. J Biol Chem 
2010;285:23075-85. 

[18] Fischer KD, Kong YY, Nishina H, Tedford K, 
Marengere LE, Kozieradzki I Sasaki T, Starr M, 
Chan G, Gardener S, Nghiem MP, Bouchard D, 
Barbacid M, Bernstein A, Penninger JM. Vav is a 
regulator of cytoskeletal reorganization medi-
ated by the T-cell receptor. Curr Biol 1998; 
8:554-62. 

[19] Saveliev A, Vanes L, Ksionda O, Rapley J, Smer-
don SJ, Rittinger K, Tybulewicz VL. Function of 
the nucleotide exchange activity of vav1 in T 
cell development and activation. Sci Signal 
2009;2:ra83. 

[20] Lopez-Lago M, Lee H, Cruz C, Movilla N, Bustelo 
XR. Tyrosine phosphorylation mediates both 
activation and downmodulation of the biologi-
cal activity of Vav. Mol Cell Biol 2000;20:1678-
91. 

[21] Lazer G, Katzav S. Guanine nucleotide ex-
change factors for RhoGTPases: good thera-
peutic targets for cancer therapy? Cell Signal 
2011;23:969-79. 

[22] Costello PS, Walters AE, Mee PJ, Turner M, Rey-
nolds LF, Prisco A, Sarner N, Zamoyska R, Ty-
bulewicz VL. The Rho-family GTP exchange fac-
tor Vav is a critical transducer of T cell receptor 
signals to the calcium, ERK, and NF-kappaB 
pathways. Proc Natl Acad Sci U S A 1999;96: 
3035-40. 

[23] Vigorito E, Gambardella L, Colucci F, McAdam 
S, Turner M. Vav proteins regulate peripheral B-
cell survival. Blood 2005;106:2391-8. 

[24] Fujikawa K, Miletic AV, Alt FW, Faccio R, Brown 
T, Hoog J, Fredericks J, Nishi S, Mildiner S, 
Moores SL, Brugge J, Rosen FS, Swat W. 
Vav1/2/3-null mice define an essential role for 
Vav family proteins in lymphocyte development 
and activation but a differential requirement in 
MAPK signaling in T and B cells. J Exp Med 
2003;198:1595-608. 

[25] Dumont C, Corsoni-Tadrzak A, Ruf S, de Boer J, 
Williams A, Turner M, Kioussis D, Tybulewicz VL. 
Rac GTPases play critical roles in early T-cell 

development. Blood 2009;113:3990-8. 
[26] Chen K, Li W, Major J, Rahaman SO, Febbraio 

M, Silverstein RL. Vav guanine nucleotide ex-
change factors link hyperlipidemia and a 
prothrombotic state. Blood 2011;117:5744-50. 

[27] Sanchez-Aguilera A, Lee YJ, Lo Celso C, Ferraro 
F, Brumme K, Mondal S, Kim C, Dorrance A, 
Luo HR, Scadden DT, Williams DA. Guanine 
nucleotide exchange factor Vav1 regulates 
perivascular homing and bone marrow reten-
tion of hematopoietic stem and progenitor 
cells. Proc Natl Acad Sci U S A 2011;108:9607-
12. 

[28] Hornstein I, Pikarsky E, Groysman M, Amir G, 
Peylan-Ramu N, Katzav S. The haematopoietic 
specific signal transducer Vav1 is expressed in 
a subset of human neuroblastomas. J Pathol 
2003;199:526-33. 

[29] Fernandez-Zapico ME, Gonzalez-Paz NC, Weiss 
E, Savoy DN, Molina JR, Fonseca R, Smyrk TC, 
Chari ST, Urrutia R, Billadeau DD. Ectopic ex-
pression of VAV1 reveals an unexpected role in 
pancreatic cancer tumorigenesis. Cancer Cell 
2005;7:39-49. 

[30] Lazer G, Idelchuk Y, Schapira V, Pikarsky E, 
Katzav S. The haematopoietic specific signal 
transducer Vav1 is aberrantly expressed in lung 
cancer and plays a role in tumourigenesis. J 
Pathol 2009;219:25-34. 

[31] Reuther GW, Lambert QT, Booden MA, Wenner-
berg K, Becknell B, Marcucci G, Sondek J, Ca-
ligiuri MA, Der CJ. Leukemia-associated Rho 
guanine nucleotide exchange factor, a Dbl fam-
ily protein found mutated in leukemia, causes 
transformation by activation of RhoA. J Biol 
Chem 2001;276:27145-51. 

[32] Ruiz S, Santos E, Bustelo XR. The use of knock-
out mice reveals a synergistic role of the Vav1 
and Rasgrf2 gene deficiencies in lymphoma-
genesis and metastasis. PLoS One 2009;4: 
e8229. 

[33] Aster JC, Blacklow SC, Pear WS. Notch signal-
ling in T-cell lymphoblastic leukaemia/
lymphoma and other haematological malignan-
cies. J Pathol 2011;223:262-73. 

[34] Berquam-Vrieze KE, Nannapaneni K, Brett BT, 
Holmfeldt L, Ma J, Zagorodna O, Jenkins NA, 
Copeland NG, Meyerholz DK, Knudson CM, 
Mullighan CG, Scheetz TE, Dupuy AJ. Cell of 
origin strongly influences genetic selection in a 
mouse model of T-ALL. Blood 2011;118:4646-
56. 

[35] Prieto-Sanchez RM, Hernandez JA, Garcia JL, 
Gutierrez NC, San Miguel J, Bustelo XR, Hernan-
dez JM. Overexpression of the VAV proto-
oncogene product is associated with B-cell 
chronic lymphocytic leukaemia displaying loss 
on 13q. Br J Haematol 2006;133:642-5. 

[36] Hollmann A, Aloyz R, Baker K, Dirnhofer S, 
Owens T, Sladek R, Tzankov A. Vav-1 expres-
sion correlates with NFkappaB activation and 
CD40-mediated cell death in diffuse large B-cell 



Vav1 in hematologic neoplasms  

 
 
8                                                                                                                            Am J Blood Res 2012;2(1):1-8 

lymphoma cell lines. Hematol Oncol 2010;28: 
142-50. 

[37] Yin J, Wan YJ, Li SY, Du MJ, Zhang CZ, Zhou XL, 
Cao YJ. The distinct role of guanine nucleotide 
exchange factor Vav1 in Bcl-2 transcription and 
apoptosis inhibition in Jurkat leukemia T cells. 
Acta Pharmacol Sin 2011;32:99-107. 

[38] Bertagnolo V, Brugnoli F, Mischiati C, Sereni A, 
Bavelloni A, Carini C, Capitani S. Vav promotes 
differentiation of human tumoral myeloid pre-
cursors. Exp Cell Res 2005;306:56-63. 

[39] Bertagnolo V, Grassilli S, D'Aguanno S, Brugnoli 
F, Bavelloni A, Faenza I, Nika E, Urbani A, Cocco 
L, Capitani S. Mass spectrometry-based identifi-
cation of Y745 of Vav1 as a tyrosine residue 
crucial in maturation of acute promyelocytic 
leukemia-derived cells. J Proteome Res 2010; 
9:752-60. 

[40] Bertagnolo V, Grassilli S, Bavelloni A, Brugnoli 
F, Piazzi M, Candiano G, Petretto A, Benedusi 
M, Capitani, S. Vav1 modulates protein expres-
sion during ATRA-induced maturation of APL-
derived promyelocytes: a proteomic-based 
analysis. J Proteome Res 2008;7:3729-36. 

[41] Brugnoli F, Lambertini E, Varin-Blank N, Piva R, 
Marchisio M, Grassilli S, Miscia S, Capitani S, 
Bertagnolo V. Vav1 and PU.1 are recruited to 
the CD11b promoter in APL-derived promyelo-
cytes: role of Vav1 in modulating PU.1-
containing complexes during ATRA-induced 
differentiation. Exp Cell Res 2010;316:38-47. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


