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SUPPLEMENTARY TEXT

The cardiovascular system in Vav3–/– mice

As indicated in the main text, Vav3–/– mice show extensive cardiovascular

remodelling at around 4 months of age. The aorta media wall becomes thicker and

disorganized in Vav3–/– animals at that time (Fig. S3a), showing hyperplasia and

hypertrophy of smooth muscle cells (Fig. 3a, data not shown) as well as increased

deposition of extracellular matrix (Fig. 1a). Examination of hearts of Vav3–/– animals

indicated an increase in the weight of the left ventricle but not of the right one (Fig.

S3b), leading to a concomitant reduction in the right ventricle/left ventricle weight

ratio (Fig. S3b). Histological analysis of the left heart ventricle showed a marked

hypertrophy of cardiomyocytes (Fig. S3c,d). The left ventricle also becomes fibrotic,

as determined by both histochemical and biochemical techniques (Fig. S3c,e).

Treatment of Vav3–/– mice with propranolol for 5 weeks prevents the development of

the left ventricle fibrosis (Fig. S3e), a result that is in agreement with the normal

histology of the heart after the same treatment (see main text, Fig. 3g). Finally, we

observed that hearts from Vav3–/– mice did not perform well mechanically, as

demonstrated by the lower +dP/dt max values when compared with wild type

littermate controls (Fig. S3f). Given that +dP/dt max is not usually altered in

hypertrophic hearts of hypertensive animals1, this result suggests that the contractility

of the left ventricle is probably altered in Vav3 knockout animals by as yet unknown

mechanisms. The defects in arterial walls and heart were unique for Vav3–/– mice,

since Vav3+/– or Vav1–/– animals show no detectable defects (Fig. S3a,b,d; data not

shown).  Further examination of these animals indicated that the tachycardia was not

due to intrinsic defects of the sinoauricular node of the heart, because hearts from

Vav3–/– and control littermates have identical beat frequencies ex vivo (data not

shown).
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SUPPLEMENTARY METHODS

Heart performance assay. A catheter was inserted into the right carotid artery and

advanced into the left ventricle under continuous monitoring of the pressure wave

form. The penis vein was cannulated with a custom-fashioned polyethylene tube

connected to a microinfusion pump. The perfusion was done at a rate of 1 ml/min.

The evolution of the left ventricle pressure was recorded and analyzed with a

PowerLab system to determine the +dP/dt max. This parameter is a phase index of left

ventricular function that is relatively load-independent2-4.
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Body weight (g)

Heart rate
(beats/min)

SAP (mmHg)b

DAP (mmHg)

MAP (mmHg)

29.7  1.5a 31.2  0.94

337  16 580  24

86.7  3.8 110.5  3.8

61.5  3.7 79.6  2.9

69.9  3.4 90.0  3.8

*

*

*
*

30.0  0.91

334  11

86.8  1.4

59.2  3.4

68.4  2.7

32.2  0.94

333  15

82.5  2.1

69.2  2.1

64.9  3.4

*

*

110   3.0

576  38

141  7

774  61

ND ND

ND ND

Vav3 +/+ Vav3 –/– Vav1 –/–Vav3 +/–

Table S1. Analysis of different physiological parameters of 4 month-old
Vav3 and Vav1 mice. 

aData on blue and black color correspond to the values obtained under awaken and
  anesthesized conditions, respectively. In the former case, n  = 13 and 11 for wild type and
  knockout animals, respectively. In the latter case, n = 13, 6, 15, and 8 for Vav3+/+,
  Vav3+/–, Vav3–/–, and Vav1–/– animals, respectively.
bSAP, systolic arterial pressure; DAP, diastolic arterial pressure; MAP, mean arterial
  pressure; ND, not determined.
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FIGURE S1.  Targeted disruption of the mouse Vav3 gene.  (a,b) Strategy for the

deletion of the promoter region and the 5’ end of exon 1 of the Vav3 locus (a),

depiction of the targeting vector (a), and structure of the null Vav3 allele

generated after the homologous recombination event (b).  Genomic Vav3 DNA

fragments used for the construction of the two arms of the targeting vector are

shown as blue boxes.  Exon 1 is highlighted in orange.  The Neo resistance gene

is indicated as a yellow box.  The Pkg-1 promoter used to drive expression of the

Neo resistance gene is indicated by a dark green box.  Arrow indicates the

direction of transcription of the Pkg-1/Neo construct.  LoxP sites are shown as

green arrowheads flanking the Neo gene.  The bovine growth hormone

polyadenylation signal [bGHpA(+)] is shown as a red box.  A, Acc65i;  B, BamHI;

H, HindIII;  E, EcoRI;  Ecl, Ecl136II;  RV, EcoRV;  S, SacI;  Sf, SfiI;  Sm, SmaI;

Sp, SpeI; X, XbaI;  X*, XbaI site overlapping with a Dam methylation site.

Restriction sites that have been eliminated during the ligation of the genomic

Vav3 DNA to the plasmid are crossed in red.  The position of the 5’ and 3’ DNA

probes used for the genotyping of animals by Southern blot are shown as black

boxes.  The diagnostic fragments used in the genotyping of mice by Southern

blots with the 5’ and 3’ DNA probes are indicated at the bottom.  Please note that

the diagnostic fragments for the wild type allele have to be aligned with the

endogenous locus shown in panel a.  (c) Example of Southern blots with the

indicated probes using genomic DNAs from tail biopses that were digested with

the restriction enzymes EcoRV (left) or BamHI (right). The genotypes of each

sample are indicated on top.  The position of the WT- and knockout (KO)-specific

fragments is indicated by arrows.  (d) PCR analysis of genomic DNA from tail

biopsies.  The genotype of each sample is indicated on top.  The position of the

WT- and knockout-specific PCR fragments is indicated by arrows.  φX174, lane
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containing electrophoresed molecular weight markers derived from the digestion

of phage φX174 DNA with HaeIII.
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FIGURE S2.  Growth rates of Vav3 knockout animals.  Growth curves of male

(upper panel) and female (bottom panel) Vav3+/+ (yellow), Vav3+/– (purple), and

Vav3–/– (blue) mice are shown.  Error bars represent the s.e.m.
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FIGURE S3.  Analysis of the cardiovascular defects of Vav3–/– animals.  (a)

Thickness (left) and relative smooth muscle cell numbers (right) of the aorta

media walls of WT (black bars), Vav3+/– (grey bars), and Vav3–/– (white bars)

mice (n = 13–15). (b) Weight of the left (LV) and right (RV) heart ventricles of WT

(black bars), Vav3+/– (grey bars), and Vav3–/– (white bars) mice (n = 13–15). (c)

Staining with either hematoxylin-eosin (top panels) or Sirius red (bottom panels)

of sections from left heart ventricles of mice of the indicated genotypes. Scale

bar, 20 µm. (d) Quantification of the cardiomyocyte size in the left heart ventricles

of WT (black bars), Vav3+/– (grey bars), and Vav3–/– (white bars) mice (n = 8–10).

(e) Amount of total tissue collagen present in the hearts from WT (black bars)

and Vav3–/– (white bars) mice either untreated (–) or treated (+) with propranolol

for 5 weeks (n = 6). (f) Determination of the +dP/dt max of the hearts of 4 month-

old WT (closed squares) and Vav3–/– mice (open squares) as indicated in

Supplementary Methods (n = 5).  Error bars represent the s.e.m. * represents P <

0.01.
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FIGURE S4.  The status of RAS and endothelin systems in Vav3–/– animals. (a)

Expression levels of At1, At2, Eta and Etb mRNAs in aortas (black bars),

pulmonary arteries (grey bars) and hearts (white bars) of 4 month-old Vav3–/–

mice.  An arbitrary value of one was given to the expression level of each

receptor mRNA in the appropriate control from Vav3+/+ mice (n = 10–15). (b)

Expression level of the At1 mRNA in aortas (black bars) and hearts (white bars)

of Vav3–/– at the indicated ages.  An arbitrary value of one was given to the

expression of the At1 mRNA in the appropriate control sample (n = 7–8). In a and

b, error bars represent the s.e.m and * indicates P <0.01.
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FIGURE S5. Vasopressin and aldosterone levels in Vav3–/– animals.  (a,c)

Plasma levels of vasopressin (a, n ≥ 5) and aldosterone (c, n ≥ 5) in WT (closed

squares) and Vav3 null (open squares) mice of the indicated ages.  (b,d) Effect

of propranolol (b,d) or captopril (d) on the plasma levels of vasopressin (b, n = 5)

and aldosterone (d, n = 5) in WT (closed bars) and Vav3 null (open bars) mice.

U, untreated; P and Cp, propranolol- and captopril-treated animals, respectively.

Error bars represent the s.e.m.  # and * represent P < 0.05 and 0.01,

respectively.
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