Cell. Mol. Life Sci.
DOI 10.1007/s00018-014-1732-y

Cellular and Molecular Life Sciences

RESEARCH ARTICLE

The cellular origin of laminin determines its role in blood pressure
regulation
Yao Yao • Erin H. Norris • Sidney Strickland

Received: 10 May 2014 / Revised: 11 August 2014 / Accepted: 8 September 2014
Ó Springer Basel 2014

Abstract Laminin of different cellular sources has distinct functions. In addition to vascular smooth muscle cells
(SMCs), aorta also contains a small population of nestin?
cells, whose function remains unknown. This study
investigates the role of SMC- and nestin? cell-derived
laminin in blood pressure (BP) regulation and SMC contractibility. Using mice with laminin deficiency in SMCs
(SKO) or nestin? cells (NKO), we examined laminindependent changes in BP. Contractile protein expression
was reduced in SKO but not NKO mice, consistent with
their, respectively, low and normal baseline BP measurements. At the ultrastructural level, SKO SMCs maintained
the contractile phenotype with reduced elasticity, whereas
NKO SMCs switched to the synthetic phenotype and
showed degeneration. Additionally, angiotensin II (Ang II)
significantly increased BP in SKO but not NKO mice. It
also enhanced contractile proteins to the same levels and
induced SMC degeneration in both knockout mice. These
data suggest that SMC laminin regulates BP via modulating contractile protein expression, whereas nestin? cellderived laminin contributes to SMC phenotypic switch.
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Introduction
Hypertension, a severe public health problem, affects
67,000,000 adults and kills nearly 350,000 Americans
annually [1]. These numbers are expected to elevate as the
average life span increases. Thus, finding effective therapeutics is urgent. Smooth muscle cells (SMCs), unlike
other muscle lineages, are not terminally differentiated
cells [2]. They contribute to blood pressure (BP) regulation
through phenotypic switch between the contractile phenotype and synthetic phenotype [3–5]. The contractile
phenotype is found in adult blood vessels, where SMCs
take an elongated morphology and circumferential orientation around the vessels, express high levels of contractile
proteins [6, 7], including smooth muscle actin (SMA) and
transgelin (SM22a), proliferate at extremely low rate, and
exhibit low synthetic activity [3, 5, 8]. The synthetic phenotype is usually found during development or in injured
vessels, where SMCs have a round hypertrophic morphology, lose the circumferential orientation, and
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synthesize various extracellular matrix (ECM) proteins and
other molecules at a high rate [3, 5, 9]. Previous work from
our lab and others shows that laminin regulates contractile
protein expression in SMCs [10–14]. A direct link between
laminin and BP regulation, however, remains unclear. In
addition to SMCs, aorta also contains a small population of
cells marked by nestin [15]. Although laminin enhances the
migration, proliferation, and differentiation of nestin?
neural stem/progenitor cells [16], its role in aortic nestin?
cells and aorta function is elusive. Here, we investigate the
role of SMC- and nestin? cell-derived laminin in contractile protein expression and BP regulation using two
conditional laminin knockout mouse lines.

Materials and methods
Animals
Homozygous floxed laminin c1 (F/F) mice were generated
in our lab and backcrossed to C57BL/6 J for more than 10
generations. SM22a-cre (The Jackson Laboratory, Stock
Number 006878) and nestin-cre (The Jackson Laboratory,
Stock Number 003771) mice were backcrossed to C57BL/
6 J for more than 12 generations. F/F mice were crossed
with SM22a-cre and nestin-cre transgenic mouse lines to
generate F/F:SM22a-Cre? (SKO) and F/F:nestin-Cre?
(NKO) mice, respectively. These mice were maintained in
the Comparative Biosciences Center at The Rockefeller
University with free access to water and food. Two to fourmonth-old knockout and Ctr mice of both genders were
used for experiments. Experimental procedures were in
accordance with the NIH guide for care and use of animals
and the Institutional Animal Care and Use Committee.
Induction of hypertension
Angiotensin II (Ang II) was used to induce hypertension as
described previously with minor modifications [17]. Briefly,
Ctr, SKO, and NKO mice were anesthetized with tribromoethanol (0.02 ml/g of body weight). Saline or Ang II (1 lg/
kg/min, Sigma) was infused with osmotic pumps (Alzet) over
13 days. One week after pump implantation, Ang II (0.5 lg/
g) was injected subcutaneously twice a day for 6 days.
Blood pressure (BP) measurement
Mouse BP was measured using the non-invasive tail-cuff BP
system (Kent Scientific Corporation). Briefly, mice were
conditioned to the BP monitoring procedure for five consecutive days before experiments. At day 0, the baseline BP
was measured before saline or Ang II pumps were implanted. At days 4, 8, and 13, blood pressure was measured
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again. At each time point, at least 20 reads were obtained
and averaged as the BP at that time point. The accuracy of
this system in BP measurement has been validated [18].
Immunohistochemistry
Aortic sections were immunostained with anti-laminin c1
(Abcam), anti-nestin (Sigma), anti-SMA (Sigma), antiSM22a (GeneTex), anti-fibronectin (Millipore), anti-collagen I (Sigma), anti-collagen IV (Millipore), anti-CD90
(Abcam), anti-CD105 (Biolegend), anti-PDGFRa (eBiosciences), anti-c-Kit (R&D), and anti-Ki67 (Millipore)
antibodies overnight at 4 °C. For fluorescent staining, sections were incubated with appropriate fluorescent secondary
antibodies (Invitrogen) for 1 h at room temperature. Due to
strong autofluorescence in the green channel of aortic tissue,
Alexa-647 (artificially colored in green) rather than Alexa488 was used. For DAB staining, sections were incubated
with biotinylated secondary antibodies for 1 h at room temperature, followed by ABC kit (Vector) and DAB Kit
(Vector), according to the manufacturer’s instructions. After
mounting, the sections were examined and photographed
with Zeiss Axiovert 200 or Leica confocal microscope.
Elastin staining
Elastin staining was performed using the ACCUSTAIN
Elastic Stain Kit (Sigma), according to the manufacturer’s
instructions. Briefly, frozen slides were equilibrated in PBS
for 5 min, followed by fixation in 4 % paraformaldehyde
for 30 min at room temperature. After extensive washing,
the slides were incubated in working elastic stain solution
for 10 min and differentiated in working ferric chloride
solution. Next, the slides were rinsed in 95 % ethanol and
deionized water and incubated in Van Gieson solution for
2 min at room temperature. The slides were then rinsed in
95 % ethanol, followed by dehydration in 100 % ethanol
and xylene. After mounting, the sections were examined
and photographed with Zeiss Axiovert 200 microscope. For
quantification, 16 random images from at least four animals
at 4009 magnification were taken, and the mean thickness
was analyzed and converted to lm based on the scale bar.
Western blot
Descending thoracic aorta was dissected out from salineperfused mice. After removing surrounding connective
tissue, descending thoracic aorta was homogenized in tissue lysis buffer (100 mM Tris, pH 8, 1 % SDS, 200 mM
NaCl, 5 mM EDTA, 1X protease inhibitor cocktail, 1X
phosphatase inhibitor cocktail). Total protein concentration
from the lysates was determined using the Bio-Rad protein
assay kit. Equal amounts of proteins were loaded and
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separated on 10 or 12 % SDS-PAGE, and then transferred
to PVDF membrane (Millipore). The membranes were then
incubated with anti-laminin c1 (Neo Markers), anti-ATR1
(Abcam), anti-ATR2 (Abcam), anti-SM calponin (Millipore), anti-SMA (Sigma), anti-SM22a (GeneTex), antinestin (Santa Cruz), or anti-actin (Sigma) antibodies at
4 °C overnight, followed by incubation with HRP-conjugated secondary antibodies (Jackson ImmunoResearch
Lab). The proteins were visualized by SuperSignal West
Pico Chemiluminescent Substrate (Pierce). Band density
was normalized to actin and quantified using NIH Image J.

a

Electron microscopy analysis

NKO

Electron microscopy was performed as described previously [19]. Briefly, mice were anesthetized with
tribromoethanol (0.02 ml/g of body weight) and then perfused sequentially with PBS and fixative buffer (0.1 M
sodium cacodylate buffer supplemented with 2 % paraformaldehyde and 2 % glutaraldehyde). Thoracic aorta was
dissected out and fixed overnight. Next, the tissue was
post-fixed in 1 % osmium tetroxide and 1 % K-ferrocyanide, en bloc stained with 2 % uranyl acetate, and
embedded in resin. Ultra-thin sections were cut on a Reichert-Jung Ultracut E microtome. After post-staining with
2 % uranyl acetate and 1 % lead citrate, sections were
examined and photographed using JEOL100CXII at 80 kV.
Stereological analysis
100-point sampling grid was used to quantify the percentage
volume of collagen, fibronectin, and SMCs in the aorta as
described previously with minor modifications [20–22].
Briefly, the sum of points from each component was divided
by the total points occupied by aortic tissue. The ratio (in
percentage) was considered as the volume percentage.
Twenty images from 4 animals were used for quantification.
The examination was performed at 400X for fibronectin and
collagen, and 1,300X (EM images) for SMCs.
Statistics
Results are shown as mean ± SD. Student’s t test, performed by SPSS Statistics, was used to analyze differences
between two groups.

Results
Generation of conditional laminin knockout mice
Since global laminin c1 knockout mice are embryonic
lethal, we used conditional laminin knockout mice for this
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Fig. 1 Laminin c1 is reduced in aortic SMCs in SKO, but not NKO
mice. a Laminin c1 (red) and SMA (green) expression in Ctr and
knockout aortas. b Western blots and semi-quantitative data of
laminin c1 (Ln-c1) expression in the aortas. All bands were
normalized to actin. Data are shown as mean ± SD, n = 4.
***p \ 0.001 versus Ctr. Scale bar represents 100 lm

study. F/F mice were crossed with SM22a-cre and nestincre transgenic mouse lines to generate F/F:SM22a-Cre?
(SKO) and F/F:nestin-Cre? (NKO) mice, respectively.
These knockout mice were born in the expected Mendelian
ratios (data not shown), although NKO mice were smaller
than their wild-type littermates [10]. The F/F and F/
? (heterozygous floxed laminin c1) littermates were used
as controls (Ctr). Laminin expression was observed in the
adventitia and media of the Ctr aorta (Fig. 1a and Supplemental Fig. 1). The SKO mice showed loss of laminin
c1 expression primarily in SMA? (Fig. 1a) and SM22a?
(blue arrows in Supplemental Fig. 1) SMCs. Semi-quantitative western blots revealed a significant decrease of
laminin in SKO aorta (Fig. 1b), suggesting that laminin
expression is indeed abrogated in SMCs in SKO mice.
Lack of laminin c1 expression in nestin? cells has been
validated before [10, 19]. Here we showed that nestin?
cells in NKO aorta were negative for laminin c1 (white
arrowheads, Supplemental Fig. 1), suggesting that laminin
expression is abrogated in NKO aorta. It should be noted,
however, that Ctr and NKO aortas showed comparable
levels of laminin c1 (Fig. 1), suggesting that the number of
nestin? cells in adult aorta is negligible.
We further quantified the number of nestin? cells in aorta
and found region-specific expression of nestin. In aortic
arch, nestin? cells accounted for 15, 14, and 24 % in Ctr,
SKO, and NKO mice, respectively (Fig. 2a). In thoracic
aorta, the percentage dropped to, respectively, 6.8, 7, and
15 % in Ctr, SKO, and NKO mice (Fig. 2a). In abdominal
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Fig. 2 Nestin expression in aortas. a Percentage of nestin? cells in
different aortic regions (aortic arch, thoracic aorta, and abdominal
aorta) in Ctr, SKO, and NKO mice. b DAB staining of nestin (brown)
in thoracic aortas of these mice. c Western blots and semi-quantitative

data of nestin expression in aortas. All bands were normalized to
actin. Data are shown as mean ± SD, n = 4–5. ***p \ 0.001 versus
Ctr. Scale bar represents 100 lm

aorta, however, only 3 % of the cells were nestin? in these
mice (Fig. 2a). These data are consistent with a previous
study reporting that the concentration of nestin? cells follows this order: aortic arch [thoracic aorta [abdominal
aorta [15]. Due to this region-specific effect, thoracic aorta
was used in the following studies. Representative images of
nestin expression in the thoracic aortas of Ctr, SKO, and
NKO mice are shown in Fig. 2b. Consistent with the
immunohistochemical study, quantitative western blot
demonstrated a significant increase of nestin expression in
NKO, but not SKO aorta (Fig. 2c). To determine if the
increased nestin? cells in NKO aorta is due to proliferation,
we further examined Ki67 expression in SMCs and nestin?
cells. Very few Ki67? cells, which were negative for SMA
or nestin, were observed in Ctr aorta (blue arrows, Supplemental Fig. 2). In SKO aorta, a few Ki67?SMA? cells were
observed (blue arrowheads, supplemental Fig. 2), indicating
proliferation of SMCs. In NKO aorta, however, both
Ki67?SMA? (white arrowheads) and Ki67?nestin? (white
arrows) cells were found (Supplemental Fig. 2), suggesting
that loss of laminin in nestin? cells leads to the proliferation
of both nestin? and SMA? cells. We also examined the
expression/distribution of nestin? cells in resistance arteries.
Extremely low, if any, levels of nestin expression were
observed in resistance arteries independent of genotypes
(data not shown), suggesting that aorta but not resistance
arteries contains nestin? cells. To investigate if these nestin?
cells are mesenchymal stem cells, we performed immunohistochemical analysis and found that nestin? cells were also
positive for four mesenchymal stem cell markers: CD90,
CD105, PDGFRa, and c-Kit (white arrows, Supplemental
Fig. 3). These data suggest that the nestin? cells in aorta are
mesenchymal stem cells.

Laminin regulates BP
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To examine the role of laminin in BP regulation, we
measured baseline BP and angiotensin II (Ang II)-induced
hypertension in these mice. Consistent with previous
reports [11, 23], the baseline mean and systolic BP were
approximately 100 and 120 mmHg in Ctr mice (Fig. 3),
respectively. Ang II infusion through osmotic pumps
significantly increased both mean and systolic BP in Ctr
mice starting at day 4 (D4, Fig. 3). Compared to the Ctr,
SKO mice have a significantly lower baseline BP (red,
Fig. 3). Although Ang II enhanced BP in SKO mice, it
was significantly lower than that in Ctr mice at each time
point examined (Fig. 3), suggesting that SMC laminin
contributes to BP maintenance in both normotensive and
hypertensive conditions. NKO mice, on the other hand,
had normal baseline BP, but failed to increase their BP
after Ang II treatment (green, Fig. 3). In these experiments, Ctr, SKO, and NKO mice implanted with salineloaded micro-pumps were used as controls. Saline infusion did not affect BP in these mice (data not shown),
indicating that the observed BP changes were due to the
effect of Ang II. Next, we further examined the expression
of Ang II receptors. Immunostaining showed comparable
levels of Ang II receptor type-I (ATR1), the major
receptor responsible for Ang II-induced cardiovascular
changes [24], in Ctr, SKO, and NKO aortas (Fig. 4a).
Semi-quantitative western blot revealed similar result
(Fig. 4b). Similarly, no difference in Ang II receptor typeII (ATR2) expression was observed in these mice (data
not shown). These data suggest that Ang II-induced BP
changes in these mice were not due to differential
expression of its receptors.

Laminin regulates blood pressure

Fig. 3 Laminin regulates BP. Mean (a) and systolic (b) BP of Ctr,
SKO, and NKO mice before and after Ang II infusion. Data are shown
as mean ± SD, n = 6–9. *p \ 0.05, **p \ 0.01, ***p \ 0.001 Ctr
versus SKO at each time point. #p \ 0.05, ##p \ 0.01, ###p \ 0.001
Ctr versus NKO at each time point

Laminin has different functions
Since SMA and SM22a contribute to the contractile
property of SMCs [11, 25, 26], we examined their
expression levels in our laminin-deficient mice. Both SMA
and SM22a were expressed in Ctr aorta (Fig. 5). These
contractile proteins, however, were significantly reduced in
SKO aorta, although not affected in NKO aorta (Fig. 5).
Similar changes were observed for smooth muscle calponin, another contractile protein (Supplemental Fig. 5).
Additionally, we also examined the expression of these
contractile proteins in resistance arteries. SMA and SM22a
expression was decreased in SKO, but not NKO mice
(Supplemental Fig. 6). The same alteration was found for
calponin (data not shown), again suggesting that SMC
laminin regulates contractile protein expression. At the
ultrastructural level (see Supplemental Fig. 4 for low
magnification images), wavily aligned, elongated SMCs
were present along the circumferential axis of Ctr aorta

(Fig. 6a), representing the contractile phenotype. Although
elongated morphology and circumferential orientation
were present, SKO SMCs lost their wavy pattern (Fig. 6b),
suggesting decreased contractility/elasticity. Together with
the decreased BP observed in SKO mice, these data
strongly suggest that SMC laminin maintains BP via promoting contractile protein expression. NKO SMCs, on the
other hand, lost the elongated morphology and were
rounded (Fig. 6c), characteristics of the synthetic phenotype, suggesting compromise of the contractile machinery.
SMC degeneration and rupture were also observed in NKO
aorta (Fig. 6c). Additionally, NKO but not Ctr or SKO
mice showed extremely thickened aortic wall (Fig. 6d, e).
Stereological analysis of wall thickness using EM images
demonstrated the same result (data not shown). To investigate what causes the thickened aortic wall, we first
examined the deposition of ECM proteins in the aorta.
Fibronectin and collagen I (Col I) were predominantly
deposited in the adventitia in Ctr and SKO aortas (Fig. 7a).
In NKO aorta, however, fibronectin and Col I were dramatically up-regulated in the media and down-regulated in
the adventitia (Fig. 7a). Unlike fibronectin and Col I, collagen IV (Col IV) was expressed at low levels in both
media and adventitia in the Ctr and SKO aortas (Fig. 7a).
In NKO aorta, however, increased deposition of Col IV
was observed in both media and adventitia (Fig. 7a).
Stereological analyses revealed that the volume percentage
of fibronectin and collagen was 6.3 and 13.5 % in Ctr aorta,
6.3 and 14.1 % in SKO aorta, and 16.7 and 34.4 % in NKO
aorta, respectively (Fig. 7b). Next, we further examined the
volume percentage of SMCs in aorta. Although the volume
of SMCs was similar in Ctr and SKO aortas, it was significantly elevated in NKO aorta (Fig. 7c), indicating a
synthetic phenotype of NKO SMCs [27, 28]. Altogether,
these data suggest that nestin? cell-derived laminin regulates SMC phenotypic switch and proliferation, rather than
contractile protein expression.
Ang II induces SMC degeneration in the knockout mice
Ang II was administered using osmotic pumps for
13 days. No toxic effects were observed as revealed by
the total body weight of these mice (Supplemental
Fig. 7). Aortic contractile protein expression was elevated to the same levels by Ang II treatment (Fig. 8a),
suggesting that contractile proteins are not responsible
for the difference in BP among these mice. Ultrastructurally (see Supplemental Fig. 4 for low magnification
images), Ctr SMCs maintained elongated morphology
and were firmly attached to the elastin laminae (EL)
(Fig. 8b). SKO SMCs, however, were detached from the
EL and lost cellular integrity (Fig. 8c), suggesting
degeneration. Like SKO SMCs, NKO SMCs failed to
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Fig. 4 ATR1 expression in aortas. a ATR1 (brown) expression in Ctr, SKO, and NKO aortas. b Western blots and semi-quantitative data of
ATR1 expression in the aortas. All bands were normalized to actin. Data are shown as mean ± SD, n = 4. Scale bar represents 100 lm
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2nd Ab Only Ctr
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SM22α
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Fig. 5 Contractile protein expression in aorta. SMA (a) and SM22a
(b) expression (brown) in Ctr, SKO, and NKO mice. c Semiquantification of contractile protein expression in aorta by Western

blots. All bands were normalized to actin. Data are shown as
mean ± SD, n = 4. **p \ 0.01 versus Ctr. Scale bars represent
100 lm

attach to the EL and showed severe degeneration
(Fig. 8d), resulting in discontinuity of the smooth muscle
layer and inability to constrict, which may explain why
NKO mice failed to respond to Ang II. Additionally,
although slightly but significantly increased in Ctr mice
after Ang II treatment (Fig. 8f), aorta thickness was
markedly increased in SKO mice to a level equivalent to
that in NKO mice (Fig. 8e, f). In NKO mice, however,
Ang II-induced aorta thickening was not as dramatic due
to their high baseline thickness (Fig. 8f). Similar result
was obtained when using EM images for stereological
analysis of aortic wall thickness (data not shown).

Furthermore, fibronectin was dramatically up-regulated
in Ctr and SKO but not NKO aortas after Ang II infusion, although no significant difference was found
among different genotypes (Fig. 8g). Like fibronectin,
Ang II increased collagen deposition in Ctr and SKO,
but not NKO aortas (Fig. 8h). Consistent with the wall
thickness, significantly more collagen was found in SKO
and NKO aortas compared to the Ctr after Ang II infusion (Fig. 8h). Additionally, SMC volume in aorta was
dramatically reduced to the same level in all three
genotypes after Ang II treatment (Fig. 8i), indicating a
contractile phenotype of SMCs.
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Fig. 6 Ultrastructural alteration and aortic thickness. Ultrastructural
changes in Ctr (a), SKO (b), and NKO (c) aortas. Hash labels rupture/
degeneration of SMCs. d Elastin staining of aorta. e Quantification of
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SKO

NKO

b

Fibronectin
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aortic thickness. Data are shown as mean ± SD, n = 4. **p \ 0.01
versus Ctr. Scale bars represent 5 lm in a–c and 100 lm in d
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c

Fig. 7 Stereological analyses of ECM proteins and SMC volume in
aorta. a Representative images of fibronectin, collagen I (Col I), and
collagen IV (Col IV) in thoracic aortas of Ctr, SKO, and NKO mice.
b Quantification of volume percentage of fibronectin and collagen in

Ctr, SKO, and NKO aortas. c Quantification of SMC volume
percentage in Ctr, SKO, and NKO aortas. Data are shown as
mean ± SD, n = 4–5. ***p \ 0.001 versus Ctr. Scale bar represents
20 lm
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Fig. 8 Ang II-induced changes in Ctr, SKO, and NKO mice. a Aortic
contractile protein (SMA, SM22a, and Calponin) expression after
Ang II infusion. Ang II-induced ultrastructural changes in Ctr (b),
SKO (c), and NKO (d) aortas. Asterisk labels the attachment of SMCs
to the elastin laminae (EL). Hash labels rupture/degeneration of
SMCs. e Elastin staining of aorta 13 days after Ang II treatment.

f Quantification of aortic thickness. Stereological analyses of volume
percentage of fibronectin (g), collagen (h), and SMCs (i) in Ctr, SKO,
and NKO aortas after Ang II infusion. Data are shown as mean ± SD,
n = 4. **p \ 0.01, ***p \ 0.001 versus Ctr. #p \ 0.05, ##p \ 0.01,
###
p \ 0.001 comparison within genotypes. Scale bars represent
5 lm in b–d and 100 lm in e

Discussion

origins, gene expression profiles (including nestin [15]),
and functions [15, 33–36]. We also demonstrated that these
nestin? cells co-express a variety of mesenchymal stem
cell markers, including CD90, CD105, PDGFRa, and
c-Kit, suggesting that nestin? cells in aorta are mesenchymal stem cells.
Consistent with the low baseline BP and contractile
protein levels, SKO SMCs showed the typical contractile
phenotype. These data suggest important role of laminin
and contractile proteins in BP regulation, which is in
accordance with previous observations that SMA-null mice
have a significantly lower baseline BP [11] and that laminin induces contractile protein expression in vascular
SMCs in vitro and in vivo [10, 12–14]. None of these
changes, however, were found in NKO mice, suggesting
SMC- rather than nestin? cell-derived laminin regulates
contractile protein expression in SMCs.
Contractile proteins were increased to the same levels in
Ctr and knockout aortas after Ang II infusion, excluding
their contributions in Ang II-induced BP regulation. The
observed changes are more likely due to the degeneration
of SMCs, given that SMC rupture reduces vessel resistance
and compromises their ability to constrict. Since SMC
degeneration and aortic thickening were absent in SKO
mice before Ang II infusion, we propose that loss of SMC

The novel findings of this work are (1) mice lacking laminin in SMCs (SKO) or nestin? cells (NKO) have lower
and normal baseline BP, respectively, compared to controls; (2) contractile protein expression correlates with
baseline BP in these mice; (3) Ang II increases contractile
protein expression in both knockout mice, but only
enhances BP in SKO mice; (4) SMC degeneration is
observed in NKO mice and is induced by Ang II in SKO
mice. This is, to our knowledge, the first study that
investigates the differential role of laminin from different
cell types in BP regulation and contractile protein
expression.
We showed reduced laminin expression in SKO aorta.
This is consistent with previous studies that SM22a is
expressed in aorta [29–31]. In contrast to a previous report
that nestin-cre mediated recombination did not occur in
heart and aorta [23, 32], we demonstrated region-specific
expression of nestin in aorta and loss of laminin in nestin?
cells in NKO mice. These results are in accordance with
previous reports showing that nestin is expressed in mouse
aorta during development and at some specific regions in
adults [15, 33], and that SMCs from different aortic areas
(ascending, thoracic, dorsal) have distinct embryonic
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laminin leads to a mild defect (no structural changes),
which is aggravated (structural changes) by Ang II. NKO
mice, on the other hand, showed SMC degeneration and
extremely thickened aorta before and after Ang II treatment, suggesting that loss of laminin in nestin? cells leads
to SMC degeneration and aortic thickening, resulting in a
severe defect in vessel function.
Consistent with the thickened aortic wall, increased
levels of ECM proteins and nestin? cells were observed in
NKO mice, suggesting that deposition of ECM proteins
and proliferation of nestin? cells contribute to the thickening of aortic wall. Although observed in NKO aorta,
proliferating SMCs (Ki67?SMA? cells) are less likely to
be responsible for the thickening of aorta, since they are
also found in SKO aorta.
Altogether, our data suggest that laminin of different
cellular sources has distinct functions, which may be due to
different laminin isoforms being secreted by these cells. It
has been shown that endothelial cell-derived laminin contains a4 and a5 chains [37–41], whereas astrocytes
predominantly produce laminin isoforms with a1 and a2
chains [37, 39]. Vascular SMCs have been found to express
laminin a2, a4 and a5 chains [40, 42]. Which laminin
isoforms are expressed by nestin? cells in aorta, however,
remains unclear. Understanding the distribution of laminin
isoforms in different cell types may help explain the distinct functions of laminin in BP regulation.
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