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Abstract

Objective—Phenotypic plasticity of vascular smooth muscle cells (VSMCs) contributes to
cardiovascular disease. Chondrocyte-like transformation of VSMCs associates with vascular
calcification and underlies the formation of aortic cartilaginous metaplasia induced in mice by
genetic loss of matrix Gla protein (MGP). Previous microarray analysis identified a dramatic
down-regulation of Wnt16 in calcified MGP-null aortae, suggesting an antagonistic role for
Whnt16 in the chondrogenic transformation of VSMCs.

Approach and Results—Wnt16 is significantly down-regulated in MGP-null aortae, before the
histological appearance of cartilaginous metaplasia, and in primary MGP-null VSMCs. In

contrast, intrinsic TGF is activated in MGP-null VSMCs and is necessary for spontaneous
chondrogenesis of these cells in high-density micromass cultures. TGFB3-induced chondrogenic
transformation in wild-type VSMCs associates with Smad2/3-dependent Wnt16 down-regulation,
but Wnt16 does not suppress TGFp3-induced Smad activation. In addition, TGFB3 inhibits Notch
signaling in wild-type VSMCs and this pathway is down-regulated in MGP-null aortae.
Exogenous Wnt16 stimulates Notch activity and attenuates TGFp3-induced down-regulation of
Notch in wild-type VSMCs, prevents chondrogenesis in MGP-null and TGFp3-treated wild-type
VSMCs, and stabilizes expression of contractile markers of differentiated VMSCs.

Conclusions—We describe a novel TGFp-Wnt16-Notch signaling conduit in the chondrocyte-
like transformation of VSMCs and identify endogenous TGF activity in MGP-null VSMCs as a
critical mediator of chondrogenesis. Our proposed model suggests that the activated TGF3
pathway inhibits expression of Wnt16 which is a positive regulator of Notch signaling and a
stabilizer of VSMC phenotype. These data advance the comprehensive mechanistic understanding
of VSMC transformation and may identify a novel potential therapeutic target in vascular
calcification.
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Phenotypic plasticity of vascular smooth muscle (VSM) underlies various cardiovascular
diseases. Loss of contractile phenotype and induction of genes characteristic for bone and
cartilage cells in vascular smooth muscle cells (VSMCs) results in mineral deposition within
the vascular wall known as vascular calcification 1. This condition afflicts aging and
complicates atherosclerosis, hypercholesterolemia, end stage renal disease, and diabetes.
Chondrogenic transformation of VSMCs leading to a rapid formation of calcifying
cartilaginous metaplasia inside the vessel wall is also induced by genetic ablation of matrix
Gla protein (MGP) 2 which is highly expressed in vascular tissue. Restoring expression of
MGP in VSM, but not in the circulation, was sufficient to prevent the MGP-null vascular
phenotype 3 indicating direct effects of MGP on phenotypic stability in VSMCs. In humans,
a defective MGP gene has been linked to Keutel syndrome 4 — a rare inherited disease with
abnormal calcification of cartilage and stenosis of pulmonary arteries, while polymorphism
in MGP associates with elevated risk of vascular calcification 5. Molecular regulation of the
osteochondrogenic transformation in VSMCs is strikingly similar to that in true bone
formation and involves TGFB/BMP 6 and B-catenin signaling © . In addition, Notch
signaling is implicated in both vascular calcification 8 and bone formation °. In bone, cross-
talk between Notch, Wnt/B-catenin and TGFB/BMP pathways has been well documented 1°;
however, there is still a limited understanding on the roles of individual ligands and on
interactions between these pathways in VSM.

Ligands of the TGFp superfamily, including several TGFfs and BMPs, have been described
as potent inducers of osteochondrogenic differentiation in mesenchymal progenitors and in
vascular cells 11 12 Nevertheless, the actions of these ligands on VSMCs may not be quite
as straightforward. For example BMP7 attenuates rather than enhances vascular calcium
accrual in kidney disease 13 and BMPs 2/4 alone are insufficient to induce calcification in
cultured VSMCs 814, Similarly, while activation of the canonical Wnt/p-catenin signaling
pathway in many vascular calcification conditions, including heart valve disease 1°,
anticoagulant therapy with warfarin 16, loss of MGP 17 and diabetes 12 suggests a pro-
calcific action of this pathway, genetic studies unexpectedly showed that Wnt7b acts to
counteract vascular calcification in atherosclerosis 18. Likewise, despite the demonstrated
importance of Notch signaling in vessel wall maturation and in vascular disease 1°, and the
antagonistic activity of Notch on osteochondrogenesis in progenitor and mesenchymal
cells 20, in VSMCs Notch signaling has been shown to both promote 821 and prevent the
induction of osteogenic pathways and mineral accumulation 22, Therefore, elucidating
specific roles and integrating cues in the complex interactions of TGFj, Notch, and -
catenin signaling pathways in VSMCs may be necessary to develop specific therapeutic
strategies for vascular calcification.

In previous mechanistic analysis of vascular disease in MGP-null aortic tissue, we observed
a dramatic reduction in the expression of Wnt16. While the role of Wnt16 in the vasculature
has not been addressed previously, its expression in skeletal development is noticeably
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absent in the cartilaginous growth plate 23 while abundant in adjacent non-cartilaginous
tissues such as the joint interzone 24 and perichondrium/periosteum 2. These observations
imply that Wnt16 may block chondrogenesis and therefore the reduced expression of Wnt16
in the MGP-null aorta may contribute to chondrogenic transformation of VSMCs in the
vessel wall. Although Wnt16 can activate the f-catenin pathway 28, in VSMCs,
chondrogenic transformation occurs in the background of activated canonical $-catenin
signaling 17 but reduced Wnt16 expression. Therefore, we hypothesized that this ligand acts
instead in a “non-canonical” fashion by controlling activity of the Notch pathway as
described in zebrafish development 27, We tested this hypothesis, analyzing the triggers and
outcomes of reduced Wnt16 expression during chondrogenic transformation of VSMCs. Our
data identify a novel TGFB-Wnt16-Notch signaling network, where Wnt16 and Notch
appear to prevent phenotypic instability in VSMCs and are down-regulated by TGFf to
promote/permit chondrogenesis VSM.

MATERIALS AND METHODS

Materials and Methods are available in the online-only Data Supplement.

RESULTS

Wntl6 expression is down-regulated in the cartilaginous metaplasia of Mgp—-/- arteries

A 47.7+4.9-fold down-regulation of Wnt16 mRNA was detected by real-time PCR in Mgp
—/— (KO) aortae with extensive calcified cartilaginous metaplasia dissected from 4.5 week
old mice, as compared to age-matched wild-type (WT) controls (Fig. 1A, N=6, p<0.001).
Accordingly, an 88.6+3.5% reduction in Wnt16 protein levels was found by Western blot
analysis (Fig. 1B, N=4, p<0.001). In primary MGP-null VSMCs (passage 2) that still
express contractile markers 28, the level of Wnt16 mRNA is also significantly down-
regulated (3.5520.13-fold compared to wild-type VSMCs, p<0.001, Fig. 1C). in vivo,
significantly reduced Wnt16 protein could be detected by immunostaining in both the
calcified cartilaginous aortic lesions lacking expression of the contractile marker smooth
muscle actin (smAct) in 4.5 week old KO mice (Supplemental Fig. I, A) and in the aortic
wall of 7 day old KO animals in which vascular calcification is yet undetectable 2° and
aortic VSMCs express smAct (Supplemental Fig. I, B). Together these results show that
reduced Wnt16 expression precedes chondrogenic transformation in MGP-null VSMCs in
vivo and in vitro, and therefore may contribute to this pathological process.

Elevated Wnt16 attenuates spontaneous chondrogenic transformation in MGP-null VSMCs

For mechanistic in vitro studies on chondrogenic transformation, primary mouse VSMCs
were cultured for 8 days as high-density cell micromasses. The micromass culture system is
commonly used for mechanistic studies on mesenchymal chondrogenesis in vitro.
Chondrogenesis is evident by the expression of chondrogenic gene markers including
collagen type 11, Sox9, and aggrecan and is histologically assessed by deposition of
glycosaminoglycan (GAG)-rich extracellular matrix. Precartilage limb bud mesenchymal
cells cultured in micromasses, spontaneously differentiate into chondrocytes, while various
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multipotential cell lines, including wild-type VSMCs 17: 29, require a stimulus for
preferential chondrogenesis such as TGFp proteins 30.

In contrast to wild-type cells, MGP-null VSMC micromasses deposit cartilaginous matrix
even without TGFB stimulation in plain DMEM (Fig. 2A, DMEM), and dexamethasone
+ascorbic acid supplement further enchance this matrix deposition (DMEM-S, Fig. 2A).
When MGP-null VSMC micromasses are cultured in medium preconditioned by Cos-7 cells
transfected with Wnt16 plasmid, both the deposition of GAG-rich matrix and expression of
Sox9, aggrecan (Agg) and collagen type Il (Col I1) observed in wild-type cells are supressed
(Fig. 2B and C). The presence of active Wnt16 in the medium was confirmed by Western
blot and by induction of the TCF/LEF-dependent -catenin luciferase reporter in A10
VSMCs (Supplemental Fig. Il). These data indicate that reduced Wnt16 expression in MGP-
null VSMC micromasses is permissive for chondrogenic transformation, consistent with the
proposed role for Wnt16 as an inhibitor of chondrogenisis.

Chondrogenic transformation in MGP-null VSMC micromasses is associated with elevated

intrinsic TGF activity
Because chondrogenic transformation of wild-type VSMCs occurs in the presence of active
TGFp 17, spontaneous chondrogenesis in micromass cultures of MGP-null VSMCs
suggested activation of intrinsic TGFp activity. Indeed, inhibitors of TGFpRI/ALK5
receptors (LY2157299 and SB431542) completely abolished GAG deposition by these cells,
while inhibitors of BMP signaling (Noggin and a specific inhibitor of ALK2/3 receptors
LDN193189) had no effect (Fig. 2D). Further, TGFf inhibitors attenuated the elevated
expression of a Smad-dependent luciferase transgene induced by the medium conditioned by
MGP-null VSMCs (Fig. 2E). In contrast, inhibitors of BMP signaling had no effect on
Smad-dependent luciferase activity (Fig. 2E), although these inhibitors completely
prevented induction of luciferase by purified BMP2 (Supplemental Fig. I11). These results
indicate secretion of active TGFp isoform(s) by MGP-null VSMCs, but not of secreted
BMPs. In agreement, downregulation of MGP, either in vivo or in vitro using ShRNA
approach, is sufficient to stimulate TGFp signaling in VSMCs (see Online Data
Supplement). Together, these data support the hypothesis that elevated endogenous TGFj
growth factors likely drive chondrogenic transformation of MGP-null VSMCs.

Wntl6 down-regulation is central to TGFp-induced chondrogenic transformation in VSMCs

In vitro, TGFB1, TGFB2 and TGFB3 have similar pro-chondrogenic activities on wild-type
VSMCs (Supplemental Fig. VI) and in vivo TGFf2 and TGF3 are expressed in the media
of arteries 31 acting on VSMCs. To study the role of Wnt16 in the pro-chondrogenic effect
of TGFp, we analyzed TGFp3-treated micromasses of rat A10 and primary mouse wild-type
VSMCs that were not deficient in MGP 17- 2%, The TGFp-induced chondrogenic
transformation was accompanied by a significant 10.8+2.7-fold down-regulation of Wnt16
mRNA (Fig. 3A, p<0.001). In addition, a 48 hour exposure of monolayer wild-type VSMCs
to TGFB3 also resulted in the down-regulation of Wnt16 (Supplemental Fig. VII, A), further
supporting the notion that loss of Wnt16 precedes chondrogenic transformation in VSMCs.
Inhibition of Wnt16 expression is Smad-dependent and can be prevented by selective
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inhibitors of Smad2/3 signaling SB431542 32 and LY2157299 33 (Fig. 3B), while BMP
inhibitors have no effect.

To restore Wnt16 levels in TGFp3-treated cells, which synthesize GAG, micromasses were
cultured in medium conditioned by Cos-7 cells with forced expression of Wnt16. The
Whntl6-conditioned medium caused a 75% reduction in the deposition of GAG-enriched
matrix (Fig. 3C and Supplemental Fig. VI, B) and attenuated the enhanced expression of
chondrogenic markers (Fig. 3D) compared to medium conditioned by control mock-
transfected Cos-7 cells. Importantly, exogenous Wnt16 did not attenuate TGFp3-induced
activation of the Smad-dependent luciferase reporter in VSMCs (Fig. 3E) demonstrating that
Wntl16 is a downstream target of TGFf signaling rather than an upstream antagonist of this
pathway. indeed, Wnt16 alone did not induce GAG synthesis in wils-type VSMCs in the
absence of TGFB3. These data suggest that loss of Wnt16 may destabilize vascular
phenotype allowing for chondrogenic transformation. This is further supported by both loss-
of-function and gain-of-function studies in VSMCs (see Online Data Supplement).

TGFB-Wnt16-Notch cross-talk in VSMCs

Recently, Wnt16 was shown to act as a non-canonical activator of Notch signaling in
hematopoetic differentiation 27. In VSMCs, Wnt16 alone stimulated Notch activity in rat
A0 cells stably expressing the Notch-dependent RBP-Jk-responsive luciferase construct
(termed A10-Notch VSMCs) (Fig 4A). In contrast, Notch inhibitor DAPT had no effect on
Wnt16 expression (Fig. 4B) at concentrations that efficiently down-regulated expression of
Notch target genes (Supplemental Fig. IX, A). These results agree with Notch being a
downstream target of Wnt16.

Because Notch signaling is antagonistic for chondrogenesis 20 34, we tested the hypothesis
that Wnt16 may prevent phenotypic transformation in VSMCs by sustaining Notch
signaling. In chondrogenic micromasses of A10-Notch VSMCs, TGF33 alone caused a 75%
down-regulation of Notch-dependent luciferase (Fig. 4C), while exogenous Wnt16 (secreted
by transfected Cos-7 cells) attenuated this inhibition and even slightly induced Notch-
dependent reporter (Fig. 4C) in agreement with its non-canocial role as a Notch activator.
Similarly to rapid inhibition of Wnt16 in VSMCs, TGFf3 significantly down-regulated
several key components of Notch signaling after a short 48 hour exposure (Supplemental
Fig. IX, B), indicating that the TGFB3-induced inhibition of both Wnt16 expression and
Notch signaling precedes chondrogenic differentiation. In contrast, specific Notch inhibitor
DAPT was insufficient to stimulate GAG synthesis by A10 micromasses in the absence of
TGFB3 (Fig. 4D), indicating antagonistic actions of TGFp and Notch pathways in the
chondrogenic transformation of VSMCs.

Notch signaling is repressed in MGP-null VSMCs

Lastly, we analyzed the activity of Notch signaling in the cartilaginous MGP-null arterial
tissue from 4.5 week old mice. Expression of several ligands, receptors and molecular
targets of this pathway were significantly reduced in the MGP-null aortae compared to wild-
type tissue (Fig. 5A, B). Further, a 90% decrease in expression of the Notch-dependent
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(RBP-Jk-responsive) luciferase transgene was detected in primary mouse MGP-deficient
VSMCs compared to wild-type cells (Fig. 5C, p<0.05).

DISCUSSION

Chondrogenic transformation and calcification of vascular cells complicates various
conditions including renal disease 3°, however the underlying molecular mechanisms
underlying are still incompletely understood. This study on chondrogenic transformation in
the background of MGP deficiency identified Wnt16 as a novel regulator of the
chondrogenic phenotypic switch in VSMCs. We propose that normal Wnt16 expression
supports the contractile phenotype in VSM via Notch signaling (Fig. 6A). We show that
when TGF is activated via either exogenous addition or the loss of MGP, this causes a
rapid decrease in Wnt16 expression, leading to suppression of Notch signaling and
permitting the subsequent chondrogenic transformation of VSMCs which in turn is
stimulated by additional downstream effects of TGFf (Fig. 6B).

In VSMCs with reduced MGP (from either shRNA or genetic ablation), we detect activated
TGFp signaling, including induction of multiple TGFp targets, secretion of factors able to
activate Smad2/3-dependent luciferase reporter cells, and detection of phosphorylated
Smad?2 in MGP-null aortic tissue. To the best of our knowledge, this is the first evidence for
activation of the TGFB/ALKS pathway in VSMCs by MGP loss, providing new insights into
MGP-null vascular disease and into other maladies with altered levels of functional MGP.
Of note, our data suggest a limited role for BMPs in the chondrogenic transformation of
VSMCs. Indeed, neither forced expression of BMP2 under the a-smooth muscle actin
promoter 36 nor BMP4 infusion by osmotic pump 37 led to the formation of cartilaginous
metaplasia characteristic for MGP-null vascular disease. In vitro, TGFB1-3 isoforms possess
similar pro-chondrogenic activities in high-density VSMC cultures. In TGFB3-induced
chondrogenic transformation in VSMCs, we identify the down-regulation of Wnt16 as an
early event mediated via an ALK5/Smad2/3-dependent mechanism. Physiological relevance
of these studies is supported by the pattern of TGFB3 and TGFB3 expression in the media
and adventitia of the greater arteries, while TGFp1 is abundant in vascular endothelium 31,
Specific genetic disruption of each TGFp protein leads to discrete phenotypes with a major
cardiovaslucar phenotype observed in TGFp2-knockout mice 38. In contrast to the pro-
chondrogenic effects of all TGFf isoforms in VSMC miscromasses, in progenitor cells
TGFp1 activates expression of smooth muscle markers 39 indicating that TGFp effects may
be cell type- and/or isoform-specific.

Exogenous Wnt16 prevents the TGFB3-induced chondrogenesis in wild-type micromasses
and spontaneous chondrogenesis in MGP-null cells. Although Wnt16 is capable of B-catenin
activation 26, down-regulation of Wnt16 in MGP-null aortae occurs in the background of
activated canonical B-catenin signaling 17. Therefore, we propose that in VSMCs Wnt16 acts
instead via a non-canonical conduit involving Notch activation, as has been also described in
keratinocytes 42, cancer cells 43 and developing somites 27, while the B-catenin pathway is
largely regulated by other ligands including canonical Wnts 1, 3 and 7 17 and enzyme
transglutaminase 2 7+ 16, Importantly, Wnt16 is not an antagonist of TGFp. Instead, our data
show that Wnt16 regulates Notch signaling which in turn promotes contractile VSMC

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Beazley et al.

Page 7

phenotype 1°. Inhibition of Wnt16 by TGFp represses Notch signaling, permitting the TGFf-
induced chondrogenic transformation program in VSMCs. A similar correlation between
activated TGFp and attenuated Notch signaling was described in de-differentiating VSMCs
of the aneurysmal aortic wall 40 indicating a potentially broad involvement of TGFB-Notch
antagonism in vascular pathologies. We detected a similar reduction in Notch receptors,
ligands and target In both MGP-null aortae and in TGFf-treated VSMCs. In contrast, in
endothelial cells MGP ablation leads to enhanced expression of Notch ligands Jagged 1 and
2 and activation of BMP signaling 4°. These findings suggest that in vivo the TGFp and
BMP signaling pathways may synergistically contribute to blood vessel abnormalities by
regulating phenotypic transformations in distinct vascular cell types.

While inhibition of Wnt16-mediated Notch activity is critical in TGFB-induced
chondrogenic transformation of VSMCs, inhibition of Notch alone, in the absence of TGFp,
was not sufficient to achieve chondrogenic transformation in VSMCs. Further, genetic
ablation of Wnt16 does not associate with vascular abnormalities in mice with normal
endogenous levels of vascular TGFB #1; and since the potentially redundant ligand Wnt14 is
not discernible in vascular tissue 24, this lack of a vascular phenotype may not be attributed
to compensation. These observations indicate that inhibition of Wnt16 and Notch by TGFp
acts in concert with other TGFp-dependent mechanisms to promote chondrogenesis.
Nonetheless, re-expression of Wnt16 is sufficient to prevent TGFf-induced VSMC
chondrogenesis, underscoring the importance of Wnt16 suppression by TGFJ in permitting
this phenotypic switch.

In our studies, alterations in Wnt16 levels in wild-type VSMCs do not induce expression of
osteogenic genes, althgough missense mutations in Wnt16 in patients 26 as well as genetic
ablation in mice 41 associate with low bone mass and easier fractures. It is plausible that the
bone phenotype may result from systemic rather than local effects of reduced Wnt16 which
is expressed in various tissues including hematopoietic and lymphoid progenitors 44. Our
results show that Wnt16 sustains Notch activity and thus maintains VSMC phenotype. A
similar mechanism may be involved in skeletal chondrogenesis, in which both Wnt16
expression and Notch activity are excluded from cartilaginous areas 2% 23, This study may
be the first direct demonstration of Wnt16 in suppression of chondrogenic differentiation in
phenotypically plastic cells.

There are naturally limitations to our study. In this work, we investigate the role of Wnt16 in
TGFB-mediated chondrogenic transformation of VSMCs, whereas in vivo other signaling
pathways are also involved including activated j-catenin signaling and endothelium-derived
elevated BMPs which contribute to MGP-null disease 17- 46, Further, in this study we did not
address the role of signaling beyond Alk5-Smad2/3-Wnt16-Notch pathway in pro-
chondrogenic TGFf effects on VSMCs. A plausible contributor is the MAPK-mediated
conduit known as an important mediator of TGFB1 action in VSMC 47. Nonetheless, the
novel TGFB-Wntl16-Notch axis described in this study may be relevant to multiple
cardiovascular diseases in which TGFf is implicated including hypertension, restenosis,
atherosclerosis, cardiac hypertrophy and heart failure 48,
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SIGNIFICANCE

Chondrocyte-like transformation of VSMCs underlies the formation of cartilaginous
metaplasia that associates with vascular calcification caused by genetic defects in matrix
Gla protein (MGP) in human patients and in animal models. Here we identify Wnt16 as a
novel regulator of VSMC phenotype, and show that Wnt16 is critical for the integration
of TGF and Notch signaling pathways. We also show activation of endogenous TGFf
rather than BMP signaling in MGP-null VSMCs. Our finding that TGF promotes
chondrogenic transformation expands the current BMP-centric view of MGP-null arterial
disease. These results advance our understanding of the complex mechanisms underlying
vascular calcification and may provide new insights into the molecular mechanisms of
the cartilage and bone formation and homeostasis.
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FIGURE 1. Wnt16 expression is down-regulated in MGP-deficient VSMCs
A-B, Aortic Wnt16 expression in 4.5 week old Mgp—/— (KO) and wild-type (WT) mice

analyzed by real-time PCR (A, N=6) and Western blot (B, N=4) C, Wnt16 mRNA in
primary WT or KO VSMCs (N=3). ***, p<0.001.
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FIGURE 2. Chondrogenic transformation in MGP-null (KO) VSMCs

A, Deposition of glycosaminoglycan (GAG)-rich matrix detected by Alcian blue stain in
micromasses of primary WT and KO VSMCs cultured in DMEM or DMEM-S (DMEM
supplemented with ascorbic acid, dexamethasone, and ITS). Graph shows quantitation of
extracted Alcian blue dye normalized to total cell number using Crystal violet (N=4). B-C,
Wnt16 effect on GAG deposition (B) and expression of chondrogenic markers (C) in KO
micromasses cultured in DMEM-S (N=3). Gene expression by real-time PCR normalized to
beta-actin is expressed as fold change compared to non-transforming WT VSMCs. D-E,
GAG deposition (D) and activation of Smad-dependent (TGF/BMP-sensitive) luciferase
reporter cells (E) by secreted factors from WT and KO VSMC:s in the presence or absence
of inhibitors to TGFB (bold face) or BMP (N=4). *, p<0.05; **, p<0.01.
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FIGURE 3. Wnt16 attenuates TGFp-induced chondrogenesis in wild-type VSMCs
A-B, Expression of Wnt16 mRNA in TGFp3-induced A10 VSMC micromasses compared

to non-stimulated micromasses after 8 days (A, N=4) or 48 hours in the presence or absence
of specific inhibitors to TGFp (bold face) or BMP signaling (B, N=3). C-D, Exogenous
Wnt16 effect on deposition of GAG matrix (C, graph shows quantitation of N=4) and
induction of chondrogenic markers (D, N=3) in TGFf3-induced micromasses of WT
VSMCs. E, Wnt16 effect on Smad-dependent luciferase reporter in A10 cells treated for 48
hours with TGFB3 (N=3). *, p<0.05; **, p<0.01; ***, p<0.001.
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FIGURE 4. Wnt16 regulates Notch signaling in wild-type VSMCs
A, Fold change in activity of Notch-dependent luciferase reporter in A10 VSMCs

overexpressing Wnt16 compared to to mock-transfected cells cultured for 72 hours in plain
DMEM (N=4, normalized to total lactate dehydrogenase). B, Expression of Wnt16 mRNA
(left) and protein (right) in A10 VSMCs treated with Notch inhibitor DAPT (N=3). C,
Activity of Notch-dependent luciferase reporter in 14 day TGFf3-induced chondrogenic
micromasses of A10 VSMC:s in the presence or absence of exogenous Wnt16 (N=4). D,
GAG deposition by A10 VSMC micromasses in the presence or absence of Notch inhibitor
DAPT. **, p<0.01; ***, p<0.001.
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FIGURE 5. Notch signaling is repressed in MGP-null vascular smooth muscle
A-B, Real-time PCR analysis of Notch ligands and receptors (A) and down-stream Notch

targets (B) in aortae from 4.5 week old WT (grey bars) and KO (black bars) mice (N=3). C,
Relative luciferase activity in primary mouse WT or KO VSMCs expressing Notch-
dependent luciferase transgene (N=3). *, p<0.05; **, p<0.01.
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FIGURE 6. Model for integrated TGFB-Wnt16-Notch signaling network in VSMC
transformation

A, In wild-type (Mgp+/+) aortic tissue, MGP represses TGFf production in VSMCs, Wnt16
is abundant, and Notch signaling is active supporting a stable, contractile phenotype of
VSMCs. B, In the aortae of MGP-null (Mgp—/—) mice, TGFB production is elevated leading
to down-regulation of Wnt16 and repression of Notch signaling, and allowing for
chondrogenic transformation of VSMCs by additional TGFp-mediated events.
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