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AL G X A H Vascular smooth muscle RhoA counteracts abdominal aortic
aneurysm formation by modulating MAP4K4 activity.
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Vascular smooth muscle RhoA counteracts abdominal aortic aneurysm
formation by modulating MAP4K4 activity
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< HHY> (Purpose)

Abdominal aortic aneurysm (AAA) is a life-threatening vascular disease that causes aortic rupture
and sudden death. AAA is characterized by the alteration of vascular smooth muscle cell (VSMC)
force generation, degradation and fragmentation of elastic fiber, loss of medial VSMCs, and
vascular inflammation. Although the pathological mechanism underlying AAA is not completely
understood, it is believed that reduced contractility and enhanced inflammation in VSMCs play key
roles in the initiation and progression of AAA. RhoA, a small GTPase, abundantly exists in
VSMCs. RhoA has multiple functions in regulating VSMCs and contributes to the morphological
support and maintenance of the aortic structure. However, how RhoA in VSMCs regulates the
homeostasis of the aorta remains unclear. The purpose of this study is to investigate the role of
VSMC RhoA in the pathology of AAA formation.

<J7iE> (Method)

Hematoxylin and eosin (H-E) and elastin-specific Verhoeff Van Gieson (VVG) staining were
performed in AAA lesions and normal areas of the aortic wall of AAA patients. RhoA expression in
AAA lesions and normal areas was also examined by immunostaining, PCR and western blotting.
VSMC-specific RhoA ¢KO mice using the Cre/loxP system were generated. To induce AAA in
mice, angiotensin Il (Ang II, 1000 ng/kg/min) and B-aminopropionitrile (BAPN, 37.5 mg/keg/d)
were administered for 4 weeks using osmotic mini-pumps. Blood pressure (BP) in the mice was
measured using the plethysmographic tail-cuff method. For measurements of aortic tension, the
mouse aorta isolated from the RhoA ¢KO and control mice were applied to multi-wire myograph
system. Collagen gel contractility assay was performed using VSMCs isolated from these mice.
The histopathological staining, immunostaining, qPCR and westem blotting were carried out to
examine inflammation in the aorta and VSMCs, expression of contractility-associated genes, and
endothelial layer disruption in RhoA ¢cKO mice. Mitogen-activated protein kinase kinase kinase
kinase 4 (MAP4K4) expression and activity were determined in the aorta and VSMCs of RhoA
cKO mice and control mice. A MAP4K4 inhibitor, DMX-5804, was administered to examine
whether it could prevent AAA formation in RhoA c¢KO mice. To identify a novel molecular
relationship between RhoA and MAP4K4, a proteomics analysis was carried out with liquid
chromatography tandem mass spectrometry (LC-MS/MS). Further protein interaction analysis
among RhoA, Set, PP2A and MAP4K4 was performed with co-immunoprecipitation assays.
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<HEH > (Results)

H-E and VVG staining revealed that the disrupted medial layer and loss of intact medial elastic
fibers in the aortic wall of AAA patients. Immunostaining, qPCR and western blotting analyses
demonstrated that RhoA expression was quite lower in the AAA lesions with enhanced
inflammations and reduction of CD31, an endothelial marker, compared with the normal areas in
patients with AAA. RhoA ¢KO mice exhibited that higher incidence of AAA formation compared
to the control mice after treatment with Angll+BAPN that induced increase in BP and vulnerability
of aortic wall, respectively. The contractility of the aortic rings and VSMCs from RhoA cKO mice
was reduced and the expression of genes related to the VSM contractile phenotype was decreased
by loss of RhoA. The enhanced inflammatory response and aortic wall degradation with impaired
endothelial barrier function were observed in RhoA ¢KO mice. MAP kinase signaling, including
MAP4K4, was highly activated in the VSMCs of RhoA ¢KO mice and human AAA lesions. This
was related to the pathological pathway that induces the down-regulation of contractility and the
up-regulation of inflammation in VSMCs. DMX-5804 administration in RhoA ¢KO mice
decreased AAA formation, concomitant with the recovery of impaired contractile phenotypes and
excessive inflammatory responses. The proteomics analysis with LC-MS/MS identified Set as a
binding protein to active RhoA. When Set was bound to active RhoA, Set was dissociated from
PP2A phosphatase, which then interacted with MAP4K4 to modulate the activation of MAP4K4.
In the absence of RhoA., Set bound to PP2A to inhibit the PP2A-MAP4K4 interaction, resulting in
the increased activation of MAP4K4.

<#%2> (Discussion)

In this study, the applicant identified the protective effects of RhoA in VSMCs on formation of
AAA using human aortic tissues, a RhoA ¢KO mouse model, and in vitro approaches. The results
indicate that loss of RhoA is involved in both dysfunction of VSMC contractility and enhancement
of vascular inflammation. The novel discovery at the molecular level is that association between
RhoA and MAP4K4 in VSMCs. This association is important for the prevention of AAA. A further
novel finding of this study is the identification of a signaling molecule, Set, which links RhoA and
MAP4K4 activity. Activated RhoA preferentially bound to Set, which dissociates Set from PP2A.
The dissociation of Set from PP2A induces the interaction of PP2A with MAP4K4. Subsequently,
PP2A inhibits the activity of this kinase. As for the translational and clinical implications, a
MAP4K4 inhibitor like DMX-5804 may reverse the adverse phenomena for AAA formation
induced by loss of RhoA in VSMCs. The applicant believes that providing the therapeutic potential
to regulate RhoA expression and MAP4K4 activity must be crucial for AAA prevention.

<#&#> (Conclusion)
The inhibition of MAP4K4 by RhoA in VSMCs is important for the prevention of AAA formation.

In conclusion, VSMC RhoA counteracts the AAA formation by suppressing MAP4K4 activity
through Set and PP2A.
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