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BACKGROUND: Adhesion of vascular endothelial cells to the underlying basement membrane potently modulates endothelial
cells to cells’ inflammatory activation. The normal basement membrane proteins laminin and collagen IV attenuate inflamma-
tory signaling in part through integrin a2f31. In contrast, fibronectin, the provisional matrix protein found in injured, remodeling
or inflamed vessels, sensitizes endothelial cells to inflammatory stimuli through integrins a531and and av33. A chimeric integ-
rin in which the cytoplasmic domain of a5 is replaced with that of a2 pairs with 31 and binds fibronectin but signals like a2(31.

METHODS AND RESULTS: Here, we examined mice in which integrin a5 is replaced with the a5/2 chimera, using the transverse
aortic constriction and partial carotid ligation models of vessel remodeling. Following transverse aortic constriction and partial
carotid ligation surgery, wild-type mice showed increased fibronectin deposition and expression of inflammatory markers,
which were strongly attenuated in a5/2 mice. a5/2 mice also showed reduced artery wall hypertrophy in the transverse aortic
constriction model and diminished inward remodeling in the partial carotid ligation model. Acute atherosclerosis after partial
carotid ligation in hyperlipidemic ApoE~~ mice on a high fat diet was dramatically decreased in a5/2 mice.

CONCLUSIONS: Fibronectin and integrin a5 signaling is a key element of pathological vascular remodeling in acute models of
both hypertension and disturbed flow. These results underscore the key role for integrin a5 signaling in pathological vascular
remodeling associated with hypertension and atherosclerosis and support its potential as a therapeutic target.

Key Words: artery wall remodeling m atherosclerosis ® extracellular matrix ® hypertension ® inflammation ® integrin signaling m
transverse aortic constriction

rteries remodel in response to physiological

stresses such as changes in blood pressure or

fluid shear stress, and to pathological stresses
such as low and disturbed shear stress, hyperlipidemia,
diabetes mellitus, or oxidative stress among others.!?
Physiological remodeling is characterized by homeo-
stasis, in which key variables return to their original lev-
els or set point after a perturbation."3# For example,
increases in blood pressure induce hypertrophic thick-
ening of the vessel wall to restore tensile wall stress
to close to original values. Increased or decreased
blood flow through a vessel with concomitant changes

in fluid shear stress results in outward or inward re-
modeling of vessel diameters to restore shear stress
to close to original values. Inflammation is an essential
component of all remodeling.® Cells of the vascular wall
that register changes in homeostatic variables (such as
wall stress, the tension per unit area from blood pres-
sure, or fluid shear stress, the frictional force exerted
by blood flow) activate inflammatory pathways, re-
sulting in recruitment of leukocytes, most prominently
monocytes. These cells contribute to these processes
by extracellular matrix (ECM) production and degrada-
tion, and cytokine/chemokine secretion. Restoration of
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CLINICAL PERSPECTIVE

What Is New?

e Extracellular matrix remodeling with increased
deposition of fibronectin amplifies inflamma-
tory signaling and worsens outcomes in several
models of vascular remodeling through the inte-
grin a5 cytoplasmic domain.

e The finding that hypertensive remodeling de-
pends so strongly on fibronectin-integrin a5
signaling is entirely novel and not predictable
from past studies on responses to fluid shear
stress.

What Are the Clinical Implications?

e These results thus identify integrin a5 and
downstream partners as potential therapeutic
targets.

Nonstandard Abbreviations and Acronyms

ECM extracellular matrix
PCL partial carotid ligation
TAC transverse aortic constriction

wall or fluid shear stress to homeostatic levels leads to
suppression of inflammatory signaling and restoration
of the normal state.

Pathological remodeling, exemplified by athero-
sclerotic lesions, resembles physiological remodeling
in many respects but differs in that the initiating stim-
uli are never terminated and the inflamed state never
resolves.*® But ECM remodeling is a central element
of both physiological and pathological processes.®’
Vascular remodeling is universally accompanied by
expression and assembly of provisional ECM pro-
teins such as fibronectin, thrombospondin, or fibrin,
whereas vessel stabilization and quiescence are asso-
ciated with loss of these components and assembly of
basement membranes where collagen IV and laminin
are the main protein components.®® Cells interact with
provisional ECM proteins through RGD (Arg-Gly-Asp)
binding integrins, of which integrins a531 and av33 are
the most prominent, whereas RGD (Arg-Gly-Asp) inde-
pendent integrins a2(31, aBP1, and a6B34 are the main
receptors for collagens and laminins.'®

Importantly, ECM remodeling also modulates in-
flammatory activation.® In endothelial cells, laminin/
collagen IV basement membranes limit inflammatory
responses through signaling by integrin a231, while fi-
bronectin enhances responses to inflammatory stimuli,
including disturbed fluid shear stress, interleukin-1[3,
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and oxidized LDL through integrin a531 and av33.""-°
Though less studied, collagen/laminin  basement
membranes also promote smooth muscle cell qui-
escence and differentiation.'®'” The effects of these
different ECM proteins were traced to the integrin a
subunit cytoplasmic domains: a chimeric integrin in
which the a5 cytoplasmic domain was replaced with
that of a2 binds fibronectin and supports cell adhesion
and cytoskeletal organization normally but signals as
if the cells were on laminin or collagen.”” A mouse in
which this mutation was inserted into the a5 locus de-
veloped normally and is healthy and fertile but showed
reduced endothelial inflammatory marker expression in
regions of disturbed flow, developed smaller and less
inflamed atherosclerotic lesions in hyperlipidemia, and
showed improved recovery from hindlimb ischemia.””'
In the current study, we analyzed integrin a5/2 mice
in 3 new models of vascular remodeling. We report that
these mice show dramatic decreases in inflammation
and remodeling, both physiological and pathological.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Partial Carotid Ligation Model

Ten- to twelve-week-old C57BL6, a5/2 integrin knock-
in mice and ApoE~~ mice were used for all animal stud-
ies. ApoE~~ mice and a5/2 integrin knock-in mice in
ApoE~~are homozygous. All the mice experiments were
performed according to the approved protocol of the
IACUC (Institutional Animal Care and Use Committee) at
Yale University. Mice were anesthetized with ketamine
and xylazine and surgery was performed. Briefly, 3 out
of 4 branches of the left common carotid artery (left ex-
ternal carotid, internal carotid, and occipital artery) were
ligated with suture, while superior thyroid artery was left
intact. Mice were euthanized after isoflurane inhalation,
perfused, and vascular tree isolated along with carotid
arteries at the indicated time points.

Transverse Aortic Constriction

Ten- to twelve-week-old mice anesthetized with ket-
amine and xylazine and hair was removed. A Para
median incision was introduced with 1-mm sternum
and each rib was cut individually, to expose heart and
thymus, which was retracted to expose the aorta and
carotid arteries. A curved 22-gauge needle with 9-0
sutures passed under aorta between carotid arteries
and 27-gauze needle, space was placed on the arch
before securing the ligature. The space was then re-
moved, thus leaving a desired stenosis. The chest was
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closed with 3 to 5 simple interrupted sutures (5.0) fol-
lowed by skin closure. Buprenorphine was given sub-
cutaneously at 8-hour intervals following surgery. Mice
were euthanized after isoflurane inhalation, perfused,
and vascular tree isolated along with carotid arteries at
indicated times.

Immunofluorescence and Histochemistry
Carotid arteries were embedded in optimal cutting
temperature, frozen on dry ice, and stored at —80 °C.
Carotid arteries were sectioned on cryostat to generate
10-pum sections. Cryosections were fixed in acetone
for 10 minutes at —20 °C, blocked in IHC Tek antibody
diluent for 1 hour at room temperature, and incubated
with indicated antibodies in IHC Tek antibody diluent
buffer. Antibodies were phospho-NF-k[3 p65 (Ser536)
[phospho-nuclear factor k(3]-P65 (1; 100, Cat # 3033
Cell signaling); fibronectin (1:400; Cat # F3648, Sigma);
VCAM1[Vascular cell adhesion molecule-1] (1:200, Cat
# 553330, BD Bioscience); ICAM1 [Intercellular ad-
hesion molecule-1] (1:200, Cat # 116101, Biolegend);
CD68 (1:200, Cat # AB125212, Abcam); CD45 (1:200,
Cat # 550539, BD Biosciences). Sections were
washed 3 times with PBS and incubated with Alexa
Fluor 598-conjugated donkey anti rabbit or rat second-
ary antibody for 1 hour at room temperature. Slides
were washed with PBS and mounted in VECTASHIELD
with DAPI. Images were acquired using Nikon 4 laser
confocal microscope.

Statistical Analysis

National Institutes of Health Imaged program was
used for quantification. Lumen diameter, vessel area,
and staining area were calculated from carotid artery
sections. For measuring the lumen and exact ves-
sel area, paraformaldehyde fixed carotid artery sec-
tions were stained with PECAM (platelet endothelial
cell adhesion molecule) antibody and mounted with
VECTASHIELD DAPI. Using Imaged program, first we
measured the lumen area and total vessel area for
each section. By subtracting the lumen area from total
vessel area, we determined the exact vessel area. For
the quantification of specific antibody-stained area,
images were converted to grayscale in Imaged and
segmented the endothelial stained area using the
thresholding. Finally, we measured the thresholded
area. For CD45, CD68, and phospho-NF-k(3 p65 we
counted the number of positively stained cells in the
endothelium. For the measurement of signal intensity,
images converted to grayscale in Imaged and stained
area thresholded. Signal intensity measured in the
thresholded area. Statistical analysis was performed
using SigmaPlot 14.5. When variances were unequal,
we used non-parametric Kruskal-Wallis test with mul-
tiple pairwise comparisons (Student-Newman-Keule
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method). For data with equal variances, we used par-
ametric 1-way ANOVA with multiple pairwise compari-
sons (Student-Newman-Keule method). For data with
unequal sample size, we used Dunn multiple pairwise
comparisons followed by Kruskal-Wallis test. P<0.05
was considered statistically significant. All data are ex-
pressed as mean+=SEM. We computed the effect size
for pairwise comparisons using Cohen d calculator
(the difference between 2 means divided by an SD for
the data). Effect size score was assigned as follows,
>0.2 small, >0.5 medium, and >0.8 large effect size.
All graphs were created using GraphPad Prism soft-
ware (San Diego, CA).

RESULTS

Transverse Aortic Constriction

To assess the role of integrin a5 signaling in pressure-
induced artery remodeling, we subjected mice to trans-
verse aortic constriction (TAC) or to sham surgery as a
control. This was accomplished by placing a clamp be-
tween the innominate artery and the left carotid, a well-
established experimental method to increase pressure
in the right carotid artery'®=?" (Figure S1). Left and right
carotid arteries were collected 1-week postsurgery.
We observed significant increases in vessel area and
lumen diameter of the right carotid artery compared
with sham, or with the contralateral left carotid. These
changes were accompanied by strongly elevated fi-
bronectin deposition in the endothelial layers of right
carotids but not in contralateral left carotids and sham
carotids (Figure 1A). Comparison of fibronectin staining
area between sham and wild-type (WT) TAC right ca-
rotid showed a large effect size, whereas the compari-
son between WT TAC left and sham carotid showed
only a small effect size (Table S1).

TAC in a5/2 Mice

To investigate the role of fibronectin-integrin a5 signal-
ing in TAC-induced structural remodeling of the ca-
rotid arteries, we compared these results to integrin
a5/2 knock-in mice.* Right carotids from a5/2 knock-
in mice enlarged less than WT mice (Figure 1B and
1C). Comparison of the WT left and right carotids pro-
duced large effect size for lumen area and medium
effect size for vessel area. Comparison of WT and
ab/2 mice right carotid produced large effect size for
lumen area and medium effect size for vessel area.
Comparison of right and left carotids in a5/2 mice pro-
duced medium effect sizes for both lumen area and
vessel area (Table S2). The accumulation of fibronec-
tin seen in WT mice was largely suppressed in a5/2
carotids (Figure 2A). Staining for the leukocyte adhe-
sion receptors and inflammatory markers VCAM1 and
ICAM1 showed strong elevation in the endothelium of
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Figure 1.

Transverse aortic constriction-induced artery remodeling and fibronectin deposition in a5/2 mice.

A, Transverse aortic constriction induced deposition of the fibronectin in right carotid arteries compared with sham controls and the
left carotids. Nuclei were counterstained with DAPI (blue). Wild-type (WT) sham mice, n=5; WT transverse aortic constriction surgery
mice, n=5; NS, not significant. B and C, Vessel area and lumen diameter in carotid arteries from WT vs a5/2 knock-in mice. WT mice,
n=7; a5/2 mice, n=7; Statistical analysis: Kruskal-Wallis 1-way analysis with Student-Newman-Keuls multiple pairwise comparison.
TAC indicates transverse aortic constriction; and WT, wild-type. Mean+SEM; *P<0.05, compared with WT mice). Scale bars=35 um.

the right carotid in WT mice but only minor changes
in a5/2 mice (Figure 2B and 2C). Staining for CD68
as a marker for monocyte/macrophages showed
strong inflammatory cell recruitment to the right ca-
rotid from WT mice, but only small changes in a5/2
mice (Figure 2D). Finally, we stained these tissues for
phospho-NF-k3 p65 (nuclear factor kappa ) to as-
sess activation of this critical inflammatory transcrip-
tion factor. TAC induced strong phospho-NF-kB p65
activation in the right carotid from WT mice but no sig-
nificant changes in a5/2 mice (Figure 2E). Left carot-
ids from both genotypes showed only minor changes
in any of these markers. Quantifying signal intensities
instead of area for these markers also showed at-
tenuation in a5/2 mice (Figure S2). Comparison of the
staining area between left and right carotids of WT
mice produced large effect sizes for fibronectin, ICAM,
CD68, and phospho-NF-k3 p65; and medium effect
size for VCAM. Comparison of staining area between
right carotid of WT and a5/2 mice produced large
effect size for VCAM, ICAM, CD68, and phospho-
NF-k3 p65; and medium effect size for fibronectin.
Comparison of the staining area between right and
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left carotid of a5/2 mice produced small effect size
for VCAM, ICAM, CD68 and phospho-NF-k(3 p65; and
medium effect size for fibronectin (Table S3). Together,
these data show that inflammation and structural re-
modeling in this model of acute hypertension are
drastically reduced in a5/2 chimera mice, consistent
with a role of integrin a5b.

Partial Carotid Ligation

Partial carotid ligation (PCL) in mice decreases blood
flow magnitude and introduces disturbances into the
flow patterns in the common carotid, resulting in inflam-
matory activation of the endothelium and reduced lumen
volume.??23 We first subjected WT mice to PCL surgery
and examined carotid arteries at 1-week postsurgery
(Figure S3). PCL resulted in reduced lumen diameter of
the left carotid compared with the right carotid (Figure 3A).
Comparison of left and right carotids of WT mice pro-
duced medium effect size for lumen area, whereas com-
parison of left and right carotids of a5/2 mice produced
small effect size for lumen area (Table S4). We also ob-
served a dramatic increase in fibronectin staining in the
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Figure 2. Transverse aortic constriction-induced fibronectin deposition and endothelial inflammation.

Wild-type and a5/2 knock-in mice were subjected to transverse aortic constriction surgery. One-week postsurgery, carotid artery
sections were stained for: A, Fibronectin; (B) VCAM-1 (Vascular cell adhesion molecule-1); (C) ICAM-1 (Intercellular adhesion
moleucle-1); (D) CD68; (E) phospho-NF-k(3 p65 (nuclear factor kappa 3 ) p-65. Nuclei are counterstained with DAPI (blue). Wild-type
mice, n=5; a5/2 knock-in mice, n=5; For phospho-NF-k(3 p65 staining, wild-type mice, n=4; a5/2 knock-in mice, n=4; endothelial
cell staining for these markers was then quantified. Statistical analysis: Kruskal-Wallis 1-way analysis with Student-Newman-Keuls

multiple pairwise comparison. WT indicates wild-type. *P<0.05, compared with wild-type mice. Scale bars=35 pm.

endothelial layer of the left but not right carotid arteries
(Figure 3B). These observations prompted us to test the
involverent of integrin a5 in these events by performing
PCL in a5/2 mice. In contrast to WT mice, integrin a5/2
mice showed no change in the lumen area (Figure 3A).
Further, ICAM1 and VCAM1 were strongly induced in the
left carotid in WT mice but changed little in a5/2 mice
(Figure 4A and 4B). Consistent with this finding, inflamma-
tory cell recruitment marked by CD45 and CD68 was also
attenuated in the left carotid of a5/2 mice (Figure 4C and
4D) as was activation of phospho-NF-k[3 p65 (Figure 4E).
The contralateral right carotids of WT and a5/2 knock-
in mice remained negative. Quantifying signal intensities
for theses markers also showed attenuation in a5/2 mice
(Figure S4). Comparison of the staining area between
left and right carotids of WT mice produced large effect
size for VCAM1, ICAM1, and CD45; and medium effect
size for fioronectin, CDB8, and p-NFk(. Comparison
of staining area between left carotid of WT and a5/2
mice produced large effect size for VCAM, ICAM, and
CD45; and medium effect size for fibronectin, CD68,
and p-NFk[3. Comparison of the staining area between
WT left and a5/2 mice right carotids produced large ef-
fect sizes for VCAM1, ICAM1, and CD45; and medium
effect sizes for fibronectin, CD68, and phospho-NF-k[3
p65 (Table S5). PClL-induced artery inflammation and
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structural remodeling thus depend strongly on fibronec-
tin signaling through integrin ab.

Acute Atherosclerosis After PCL in
Hypercholesterolemic ApoE~"- Mice

PCL in hypercholesterolemic mice is used to model
acute disturbed shear-induced atherosclerosis.?*2°
Lesions develop within a few weeks because of the low
and strongly oscillatory shear stress induced by surgery.
To test the role of integrin a5 in this model, we crossed
ab/2 knock-in mice with hypercholesterolemic ApoE"~
mice (Jackson laboratories, B6.129p2-AposetmiUnc/j;
Cat#002052) to generated WT, ApoE’~ and a5/2;
ApoE~~ mice. a5/2; ApoE’~ mice are homozygous
for the a5/2 integrin. Mice at 8 to 10 weeks were sub-
ject to PCL and fed a Western diet (RD Western diet
#D12079B, Open Source Diet) for 3 weeks. Hematoxylin
and eosin staining demonstrated significant atheroscle-
rosis in the LCA (Left carotid artery) of WT; ApoE~~ mice
whereas plaque in a5/2; ApoE~~ mice was barely de-
tected (Figure 5A). Staining lipids with Oil Red O con-
firmed the reduction in plaque in a5/2 mice (Figure 5B).
Monocytes/macrophage (CD68* cells) infiltration in
the LCA were also markedly reduced in a5/2; ApoE~"~
mice (Figure 5C). As before, the contralateral side was
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Figure 3. Partial carotid ligation-induced artery remodeling.

A, Wild-type (WT) and a5/2 knock-in mice were subjected to partial carotid ligation surgery. One-week
post-surgery, carotid artery lumen diameters were measured. Left carotid arteries from WT mice have
reduced lumen diameter compared with right carotid arteries form WT mice. In contrast to WT mice,
integrin a5/2 mice showed no change in the lumen area. WT mice, n=7; a5/2 knock-in mice, n=7. B,
Fibronectin staining in left carotids in WT and a5/2 mice. Nuclei were counterstained with DAPI (blue).
WT mice, n=5; a5/2 knock-in mice, n=5; Statistical analysis: Kruskal-Wallis 1-way analysis with multiple
pairwise comparisons. (Dunn test for lumen area, A and Student-Newman Keuls for fibronectin staining

area B). WT indicates wild-type. Mean+SEM; *P<0.05, compared with WT mice. Scale bars=35 pm.

unaffected and showed negligible plague formation
on this time scale. Plasma lipid profiles of total choles-
terol, LDL cholesterol, and triglycerides were not statis-
tically different between WT and a5/2 mice (Figure 6).
Comparison of the staining area between left carotid
of WT: ApoE7-and a5/2; ApoE"-mice produced me-
dium effect sizes for Oil red, CD68, and plaque area.
Comparison of staining area between left and right ca-
rotid of WT; ApoE—/—mice produced large effect sizes
for Qil red, CD68 and plaque area. Comparison of
the staining area between WT, ApoE~" left and a5/2;
ApoE~~ right produced large effect size for Qil red,
CD68, and plaque area (Table S6). Overall, these re-
sults revealed that the a5/2 knock-in strongly attenuated
flow-dependent acute atherosclerosis.

DISCUSSION

In this study, we report that the integrin a5/2 mutation
in mice, which abolishes the inflammatory effects of
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fibronectin, strongly affects vascular remodeling. In the
TAC model of acute hypertension in the right carotid
artery, a5/2 mice show markedly less fibronectin depo-
sition, less inflammatory activation of the endothelium,
and less artery wall thickening. It should be noted that
C57BI/6 mice show excessive adventitial thickening in
hypertension, perhaps related to the susceptibility of
this strain to inflammatory stimuli.?®2” These responses
may thus be regarded as partially pathological in that
remodeling overshoots the homeostatic goal. This ef-
fect was abolished by the a5/2 mutation, consistent
with its ability to limit inflammation.

PCL is principally a model of flow-induced remodel-
ing attributable to induction of low and oscillatory flow in
the affected common carotid artery. Altered flow leads
to inflammatory activation of the endothelium and in-
ward remodeling to reduce lumen diameter, sometimes
to near closure, a feature more in keeping with patho-
logical than physiological processes, likely because of
the oscillatory flow component. Consistent with high
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Figure 4. Partial carotid ligation-induced endothelial inflammation.

Wild-type and a5/2 knock-in mice were subjected partial carotid ligation surgery. One-week post-surgery, carotid artery sections
were stained with antibodies to: (A) VCAM1 (Vascular cell adhesion molecule-1); (B) ICAM1 (Intercellular adhesion molecule-1); (C)
CD68; (D) CD45; (E) phospho-NF-k3 p65. Nuclei were counterstained with DAPI (blue). Wild-type mice, n=5; a5/2 knock-in mice, n=5.
For phospho-NF-k[3 p65 staining, wild-type mice, n=4; a5/2 knock-in mice, n=4. Statistical analysis: Kruskal-Wallis 1-way analysis
with Student-Newman-Keuls multiple pairwise comparison. WT indicates wild-type. Mean+SEM; *P<0.05, compared with wild-type

mice. Scale bars=35 pm.

fibronectin deposition in the endothelial layer of WT
mice, inflammatory activation and inward remodeling
were strongly blunted in a5/2 mice. To expand on these
findings, we then examined effects of PCL in hyper-
cholesterolemic mice, a model of acute flow-induced
atherosclerotic plague formation. This model typically
looks at short times after initiation of disturbed flow,
thus, represents an acute, mechanistic model rather
than a model of chronic disease.?* Plaque size, lipid
accumulation, and inflammatory cell recruitment were
all greatly decreased. These results strongly support a
major role for inflammatory fibronectin signaling in dis-
turbed flow-induced vessel pathology.

We observed strong inhibition of inflammatory acti-
vation and remodeling in a5/2 mice despite the fact that
endothelial cells express other fibronectin-binding integ-
rins such as av3. It seems likely that this is because the
chimeric integrin strongly disrupts fibronectin matrix as-
sembly (Figures 3A and 4B), leaving little fibronectin for
other integrins to bind. While a531 plays a primary role
in fibronectin-matrix assembly, av integrins can partially
substitute, such that total loss is only seen after deletion
of both a5 and av.?® We suspect that the dramatic loss
of fibronectin matrix with the a5/2 chimera reflects active
inhibition instead of mere loss of function; this specu-
lation is consistent with a previous study in endothelial
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cells that showed inhibition of av[33 activation by signal-
ing through integrin a2p31. These results raise the ques-
tion, are the improved outcomes because of altered
integrin signaling, less fibronectin deposition, or both?
We suggest that our results are best understood in the
context of the inflammatory and remodeling pathways
that control fibronectin gene expression and matrix as-
sembly. Fibronectin can be induced through NF-k3, -
catenin, and Smad2/3 transcription factors,?°-%? creating
a positive feedback loop in which the elevated fibronec-
tin promotes further inflammation, which amplifies these
pathways.®? Thus, reducing the inflammatory effects of
fibronectin by mutation of the integrin a5 cytoplasmic
domain disrupts this regulatory loop and reduces fi-
bronectin expression.

Vascular remodeling in response to altered me-
chanical forces derived from blood flow and pressure
is physiological when key variables such as tensional
wall stress or fluid shear stress are restored to close to
their initial levels.>® Physiological remodeling requires
inflammation and participation of immune cells but is
carefully regulated and resolves when key variables
return to their initial value or set point. By contrast,
remodeling is pathological when initial set points are
not restored because of either insufficiency or, more
often, overcompensation. For example, artery walls
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Figure 5. Partial carotid ligation in hypercholesterolemic mice.

Eight- to ten-week-old wild-type and integrin a5/2 mice on the ApoE~~ background were subjected to partial carotid ligation surgery.
After the surgery, mice were fed a Western diet for 3 weeks and carotid arteries examined. A, Hematoxylin and eosin staining. B,
Oil Red O staining. C, CD68 staining. Wild-type; ApoE~~ mice, n=4; a5/2; ApoE~~ mice, n=4; Statistical analysis: Kruskal-Wallis 1-
way analysis with Student-Newman-Keuls multiple pairwise comparison. H&E indicates hematoxylin and eosin; and WT, wild-type.
Mean+SEM; *P<0.05, compared with wild-type mice. Scale bars=35 pm.

in hypertension thicken too much and lose elasticity, uncontrolled inflammation is the principal cause of
which exacerbates hypertension and its consequences pathological remodeling, typified by formation of ath-
for the microvasculature. Importantly, excessive or  erosclerotic lesions in regions of low/disturbed shear
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Figure 6. Plasma lipids.

Plasma lipid profiles in wild-type; ApoE~~ and a5/2; ApoE~~ mice: (A) Plasma low-density lipoprotein cholesterol; (B) total
cholesterol; (C) triglycerides. Statistical analysis: 2-tailed Student t test. No significant differences were observed. LDL
indicates low-density lipoprotein; WT, wild-type.
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stress.3® Adventitial fibrosis and stiffening in hyperten-
sion provides another example.?’

The current results identify fibronectin and integrin
ab signaling as key elements of pathological vascular
remodeling in acute models of both hypertension and
disturbed flow. We note that mice in these experiments
were total knock-ins, thus many cell types may con-
tribute to the observed effects. Assessing effects in
cell-type specific conditional knock-ins is an import-
ant direction for future work. While the ultimate goal of
these studies is the identification of therapeutic targets,
fibronectin, or integrin a5 themselves are essential for
physiological processes and thus seem unlikely can-
didates for direct intervention. However, elements of
downstream pathways have been discovered, including
the interaction of phosphodiesterase 4D with the a5 cy-
toplasmic domain and the interaction of phosphodies-
terase 4D with the B55 subunit of protein phosphatase
2A.415 Blocking these downstream pathways may be
more promising avenues for translation, as are further
investigations into mechanisms of a5 inflammatory sig-
naling in atherosclerosis and hypertension.
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Table S1. Effect size measurement for FN staining area in carotid arteries after TAC in mice from main figure
1. Effect size computed for pairwise comparisons using Cohen’s d calculator (the difference between two means
divided by a standard deviation for the data). Effect size score was assigned as follows, >0.2 small, >0.5 medium,

and >0.8 large effect size

Effect size for
comparison of WT

Effect size for
comparison of WT

TAC right carotid to TAC left carotid to WT
WT sham carotid sham carotid
FN staining area 0.9668 0.1609

Table S2. Effect size measurement for lumen area and vessel area in carotid arteries after TAC in mice from
main figure 1. Effect size computed for pairwise comparisons using Cohen’s d calculator (the difference between
two means divided by a standard deviation for the data). Effect size score was assigned as follows, >0.2 small,

>0.5 medium, and >0.8 large effect size.

Effect size for Effect size for Effect size for
comparison of comparison of comparison of
WT TAC right WT TAC right a5/2 TAC right
carotid to WT carotid to a5/2 carotid to a5/2
TAC left carotid TAC right carotid | TAC left carotid
Lumen area 0.8562 0.8277 0.5598
Vessel area 0.7829 0.5098 0.5706




Table S3. Effect size measurement for fibronectin, VCAM, ICAM, CD68 and p-NFkb staining areas in carotid
arteries after TAC in mice from main figure 2. Effect size computed for pairwise comparisons using Cohen’s d
calculator (the difference between two means divided by a standard deviation for the data). Effect size score was

assigned as follows, >0.2 small, >0.5 medium, and >0.8 large effect size.

Effect size for Effect size for Effect size for
comparison of WT comparison of WT comparison of a5/2
TAC right carotid to TAC right carotid TAC right carotid to
WT TAC left carotid a5/2 TAC right a5/2 TAC left carotid
carotid

FN staining area 0.8044 0.777 0.6082

VCAM staining area 0.7524 0.8176 -0.553

ICAM staining area 0.8331 0.8249 0.2535

CD68 staining area 0.8131 0.8262 0.1961

p-NFKkB staining area | 0.8748 0.8748 0




Table S4. Effect size measurement for lumen area in carotid arteries after PCL in mice from main figure 3.
Effect size computed for pairwise comparisons using Cohen’s d calculator (the difference between two means
divided by a standard deviation for the data). Effect size score was assigned as follows, >0.2 small, >0.5

>0.8 large effect size

Effect size for Effect size for
comparison of WT pcl | comparison of a5/2
right carotid to WT pcl right carotid to
pcl left carotid a5/2 pcl left carotid

Lumen area 0.751 0.0974




Table S5. Effect size measurement for fibronectin, VCAM, ICAM, CD45, CD68 and p-NFkb staining areas
in carotid arteries after PCL in mice from main figures 3 and 4. . Effect size computed for pairwise
comparisons using Cohen’s d calculator (the difference between two means divided by a standard deviation
for the data). Effect size score was assigned as follows, >0.2 small, >0.5 medium, and >0.8 large effect size.

Effect size for Effect size for Effect size for
comparison of WT pcl | comparison of WT pcl | comparison of WT pcl
left carotid to WT pcl | left carotid to a5/2 pcl | left carotid to a5/2 pcl
right carotid. left carotid right carotid

Fibronectin 0.7394 0.7203 0.7403

VCAM 0.8246 0.8255 0.8653

ICAM 0.9353 0.9355 0.9209

CD45 0.888 0.8198 0.8795

CD68 0.7846 0.7231 0.7733

p-NFkB 0.6433 0.6433 0.6433




Table S6. Effect size measurement for Oil red staining, plaque area, CD68 staining in carotid arteries after
PCL in hypercholesterolemic mice from main figures 5. Effect size computed for pairwise comparisons using
Cohen’s d calculator (the difference between two means divided by a standard deviation for the data). Effect
size score was assigned as follows, >0.2 small, >0.5 medium, and >0.8 large effect size.

Effect size for Effect size for Effect size for
comparison of comparison of comparison of
WT.ApoE left carotid | WT.ApoE left carotid | WT.ApoE left carotid
to a5/2.ApoE left to WT.ApoE right to o5/2.ApoE right
carotid carotid carotid

Oil red staining area 0.7627 0.959 0.959

Plaque area 0.7981 0.8726 0.8719

CD68 staining area 0.7842 0.8621 0.8597




Figure S1. WT mice subjected to sham and TAC surgery. Macroscopic observation revealed thickening of the

right carotid artery compared to left and sham carotid arteries.

Left carotid

A

Right carotid | Right carotid




Figure S2. Fluorescence signal intensity of inflammatory markers in carotid arteries after TAC in mice from main

Fig 2: A. Fibronectin; B. VCAM; C. ICAM; D.CD68; E. p-NF-kB. Statistical analysis: one-way ANOVA with

Tukey's post hoc analysis; values are means £ SEM; *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared with

WT mice.
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Figure S3. Partial carotid ligation in mice decreases blood flow magnitude and introduces disturbances into
the flow patterns in the common carotid, resulting in inflammatory activation of the endothelium and reduced
lumen volume. Briefly, 3 out of 4 branches of the left common carotid artery (left external carotid, internal

carotid, and occipital artery) were ligated with suture, while superior thyroid artery was left intact.

RS54




Figure S4. Fluorescence signal intensity of inflammatory markers in carotid arteries after PCL in mice from main

figure 4: A. Fibronectin; B. VCAM; C. ICAM; D.CDG68; E. CD45; F. p-NF-xB. Statistical analysis: one-way ANOVA

with Tukey's post hoc analysis; values are means = SEM; *p<0.05, **p<0.01, ***p<0.001 compared with WT mice.
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