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Elastic Laminae in Vascular Development and Disease

Shu Q. Liu∗,†, Brandon J. Teft∗, Li-Qun Zhang‡, Yan Chun Li§ and Yu H. Wu∗

Abstract: The activities of vascular cells, in-
cluding adhesion, proliferation, and migration,
are mediated by extracellular matrix components,
including collagen matrix and elastic fibers or
laminae. Whereas the collagen matrix stimulates
vascular cell adhesion, proliferation, and migra-
tion, the elastic laminae inhibit these activities.
Coordinated regulation of cell activities by these
matrix components is an essential process for con-
trolling the development and remodeling of the
vascular system. This article summarizes recent
development on the role of arterial elastic laminae
in regulating the development of smooth muscle-
like cells from bone marrow-derived progenitor
cells as well as in mediating cell adhesion, prolif-
eration, and migration with a focus on the molec-
ular mechanisms and physiological significance.

1 Introduction

The arterial wall is composed of extracellular ma-
trix components, including collagen matrix and
elastic laminae. These matrix components reg-
ulate vascular cell activities, including adhesion,
proliferation, and migration, which are essential
processes for vascular development and remod-
eling. While the collagen matrix stimulates cell
adhesion, proliferation, and migration [1, 2], the
elastic laminae negatively regulate these cell ac-
tivities [3-5]. By exerting opposing effects, colla-
gen matrix and elastic laminae coordinately con-
trol vascular morphogenesis during development
and mediate pathological alterations in vascular
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disorders. The present article addresses the role of
arterial elastic laminae in regulating the formation
of smooth muscle-like cells from bone marrow-
derived progenitor cells as well as vascular cell
adhesion, proliferation, and migration with a fo-
cus on the associated molecular mechanisms.

2 Elastic lamina-mediated formation of
smooth muscle-like cells

2.1 Elastic laminae in development of vascular
smooth muscle cells

Arterial smooth muscle cells (SMCs) are contrac-
tile cells that control the diameter of arteries and
the rate of blood flow. Under physiological condi-
tions, these cells reside primarily within the me-
dia, but not within the intima and adventitia of ar-
teries, suggesting the presence of specific cues in
the media for inducing the formation and main-
taining the phenotype of SMCs. A unique feature
of the medial structure is the presence of elastic
laminae, an extracellular matrix constituent com-
posed of primarily the protein elastin. Extracel-
lular matrix plays an important role in regulating
cell specification and differentiation during devel-
opment [1, 2, 6]. Elastic laminae, the most abun-
dant type of extracellular matrix in the arterial me-
dia, have been considered not only matrix compo-
nents contributing to the mechanical strength and
elasticity of the arterial wall [7-11], but also sig-
naling elements regulating cell adhesion, prolif-
eration, and migration [3, 4, 7, 9, 12-18]. Thus,
elastic laminae possibly serve as a cue for regu-
lating the formation and maintain the contractile
phenotype of SMCs in the arterial media, con-
tributing to vascular morphogenesis.
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2.2 Elastic lamina-induced formation of SM
α-actin filaments in CD34+ bone marrow
cells

To test the role of elastic laminae in phenotype
development of vascular SMCs, we have inves-
tigated whether arterial elastic laminae induce
formation of SM-like cells from bone marrow-
derived progenitor cells in the mouse. The bone
marrow contains progenitor cells for vascular
SMCs. These cells may be mobilized to the cir-
culating blood, adhere to the wall of blood ves-
sels, and transform to SM-like cells, contributing
to SMC regeneration and intimal hyperplasia [19-
24]. We have recently found that a large frac-
tion of mouse bone marrow cells that express the
transmembrane glycoprotein CD34, a hematopoi-
etic stem and progenitor cell marker [25], co-
express non-filamentous SM α actin [5]. The
presence of SM α actin suggests that the CD34+
bone marrow cell population may contain SMC
progenitor cells.

CD34+ bone marrow cells were isolated from the
mouse femur and cultured on either elastic lam-
inae from the media or collagen matrix from the
adventitia of the mouse aorta. In the presence of
elastic laminae, SM α actin filaments were found
in 23 +/- 6%, 34 +/- 7%, and 44 +/- 8% of CD34+
bone marrow cells at day 5, 10, and 20, respec-
tively (Figure 1). In contrast, a significantly lower
fraction of CD34+ bone marrow cells expressed
SM α actin filaments when cultured on collagen-
dominant matrix specimens (5 +/- 3%, 8 +/- 3%,
and 10 +/- 4% at day 5, 10, and 20, respectively).
These observations suggest that the arterial elas-
tic laminae stimulate the formation of SM α actin
filaments in the CD34+ bone marrow cells.

To confirm the role of the arterial elastic lami-
nae in regulating the formation of SM α actin fil-
aments in CD34+ bone marrow cells, we trans-
planted GFP gene-transfected wild-type CD34+
bone marrow cells into the circulation of wild-
type mice and measured the population size of
SM α actin filament+ GFP cells within elastic
lamina- and collagen-dominant matrix scaffolds
implanted into the host aorta [5]. As shown in
Fig. 2, transplanted GFP-CD34+ bone marrow
cells migrated into the implanted matrix scaffolds.

In the elastic lamina-dominant matrix scaffolds,
25 +/- 5 % and 37 +/- 9 % of GFP-CD34+ cells
expressed SM α actin filaments at day 5 and 10,
respectively, following matrix scaffold implanta-
tion and cell transplantation. In contrast, a signifi-
cantly smaller population of GFP-CD34+ cells (7
+/- 3 % and 9 +/- 4 % at day 5 and 10, respec-
tively) expressed SM α actin filaments in the col-
lagen matrix-dominant scaffolds [5]. These ob-
servations confirmed the role of elastic laminae in
regulating the formation of SM α actin filaments
in CD34+ bone marrow cells.

2.3 Regulatory mechanisms for SM α-actin fil-
ament formation

The arterial elastic laminae can interact with cir-
culating monocytes and activate a signaling mech-
anism involving a protein tyrosine phosphatase
known as SH2 domain-containing protein tyro-
sine phosphatase (SHP)-1 [4]. The interaction
of elastic laminae with monocytes induces activa-
tion of SHP-1 via the mediation of an inhibitory
transmembrane receptor known as signal regula-
tory protein (SIRP) α [26-33]. Activated SHP-1
can dephosphorylate a number of mitogenic pro-
tein tyrosine kinases, including receptor tyrosine
kinases [28, 34], Src [34], and JAKs [35, 36].
The consequence of SHP-1 activation is suppres-
sion of mitogenic activities, such as cell adhesion,
proliferation, and migration [4, 37-45]. Since
the suppression of mitogenic activities is associ-
ated with an increase in the density of contractile
SMCs [46, 47], SHP-1 may enhance the forma-
tion of the SM α actin filaments in SM progen-
itor cells. Thus, the arterial elastic laminae may
stimulate the formation of SM α actin filaments
in CD34+ bone marrow cells via the mediation of
SHP-1.

The CD34+ bone marrow cells as well as the
CD34+ bone marrow cell-derived SM α actin fil-
ament+ cells expressed the protein tyrosine phos-
phatase SHP-1 (Fig. 3A, B). To demonstrate
whether SHP-1 mediates the effect of the aortic
elastic lamina-dominant matrix on the formation
of SM α actin filaments in CD34+ bone marrow
cells, we assessed the influence of elastic lamina-
dominant matrix on the expression and phospho-



Elastic Laminae in Vascular Development and Disease 61

Wild-type CD34+ cells on elastic laminae
5 days5 days 10 days10 days 20 days20 days

Wild-type CD34+ cells on collagen matrix

A

B

5             10            20 
Time (days)

%
***

***

***

Figure 1: Influence of aortic elastic lamina- and collagen-dominant matrix on the formation of SM α actin
filaments in CD34+ bone marrow cells in vitro. (A) Fluorescent micrographs showing that elastic lamina-
dominant matrix stimulates the formation of SM α actin filaments in CD34+ bone marrow cells (row 1)
compared to collagen-dominant matrix (row 2). Note that few cells expressed CD34 after day 5 of culture.
Green: SM α actin. Blue: cell nuclei. Scale: 10 μm. (B) Percentage of SM α actin filament+ cells derived
from wild-type CD34+ bone marrow cells cultured on aortic elastic lamina-dominant matrix specimens
(black bars) and collagen-dominant matrix specimens (gray bars) in vitro. *** p < 0.001. ANOVA tests
showed that changes in the percentage of SM α actin filament+ cells with time (5 to 20 days) were significant
on both elastic lamina- and collagen-dominant matrix (p < 0.001). Note that when cultured on collagen-
dominant matrix specimens, a small fraction of CD34+ cells exhibited actin filaments. However, these actin
filaments were not as developed as those found in CD34+ cells cultured on elastic lamina-dominant matrix
specimens. From ref. 5 with permission.

rylation of SHP-1 when collagen-dominant ma-
trix was used as a control [5]. As shown in
Fig. 3C, while the expression level of SHP-1 ap-
peared similar between cells cultured on elastic
lamina- and collagen-dominant matrix specimens,
the elastic lamina-dominant matrix induced a no-
ticeable increase in the relative phosphorylation
of SHP-1 compared to the collagen matrix. These
observations suggest that the aortic elastic lamina-

dominant matrix stimulates the activation of SHP-
1.

Since SHP-1 suppresses the activity of selected
mitogenic protein tyrosine kinases, which are im-
plicated in the negative regulation of SM α actin
filament formation, we assessed the role of SHP-
1 in mediating the formation of SM α actin fil-
aments in CD34+ bone marrow cells by using a
siRNA mediation approach [5]. The transfection
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Figure 2: Influence of aortic elastic laminae and collagen matrix on the formation of SM α actin filaments in
CD34+ bone marrow cells and role of SHP-1 in regulating the formation of SM α actin filaments in vivo. (A)
Fluorescent micrographs demonstrating that elastic lamina-dominant matrix (row 1) stimulates the formation
of SM α actin filaments (red) in transplanted GFP-CD34+ bone marrow cells (green) compared to collagen-
dominant matrix (row 2) in matrix scaffolds implanted into the mouse aorta. Row 3 shows the influence of
SHP-1 deficiency on the formation of SM α actin filaments (red) in transplanted GFP-CD34+ bone marrow
cells (green) in elastic lamina-dominant matrix scaffolds. Blue: cell nuclei for all panels. Scale: 10 μm. (B)
Percentage of SM α actin filament+ cells derived from transplanted wild-type GFP-CD34+ bone marrow
cells in elastic lamina-dominant (black bars) and collagen matrix-dominant (gray bars) matrix scaffolds as
well as from SHP-1-deficient GFP-CD34+ bone marrow cells in elastic lamina-dominant matrix scaffolds
(white bars) in vivo. *** p < 0.001. From ref. 5 with permission.
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Figure 3: Expression of SHP-1 in CD34+ bone marrow cells and suppression of SHP-1 expression by siRNA
transfection. (A) Fluorescent micrograph showing the expression of SHP-1 (red) in cultured CD34+ bone
marrow cells at day 10. Scale: 10 μm. (B) Fluorescent micrograph showing the expression of SHP-1 (red)
in a cultured CD34+ bone marrow cell expressing SM α actin filaments (green) at day 10. Blue: cell nuclei
for both panel A and B. Scale: 10 μm. (C) Influence of aortic elastic lamina- and collagen-dominant matrix
on the expression (upper) and phosphorylation (lower) of SHP-1 in CD34+ bone marrow cells. 4G10: anti-
phosphotyrosine antibody. ctrl: control cells cultured on plastic plates. EL: elastic lamina. (D) Suppression
of SHP-1 expression with SHP-1-specific siRNA. From ref. 5 with permission.

of CD34+ bone marrow cells with SHP-1-specific
siRNA induced a noticeable reduction in SHP-1
expression, while the transfection of scrambled
siRNA did not influence the expression of SHP-1
(Fig. 3D). The suppression of SHP-1 expression
by siRNA transfection resulted in a significant de-
crease in the formation of SM α actin filaments in
the CD34+ bone marrow cells cultured on aortic
elastic lamina-dominant matrix specimens com-
pared to control cells transfected with scrambled
siRNA (Fig. 4). These observations support the
role of SHP-1 in mediating the effect of arterial
elastic laminae on the formation of SM α actin
filaments in CD34+ bone marrow cells.

We further tested the role of SHP-1 in regulat-
ing the formation of SM α actin filaments by us-
ing SHP-1-deficient and wild-type CD34+ bone
marrow cells. As shown in Fig. 4, the popu-
lation size of SM α actin filament+ cells in the
SHP-1-deficient CD34+ bone marrow cells was
significantly smaller than that in the wild-type
CD34+ bone marrow cells cultured on aortic elas-

tic lamina-dominant matrix specimens at day 5,
10, and 20. These observations confirmed the role
of SHP-1 in mediating the effect of arterial elastic
laminae on the formation of SM α actin filaments
in CD34+ bone marrow cells.

To confirm the role of SHP-1 in mediating the
formation of SM α actin filaments in CD34+
bone marrow cells residing in the arterial elas-
tic lamina-dominant matrix scaffolds, we trans-
planted GFP gene-transfected SHP-1-deficient or
wild-type CD34+ bone marrow cells into the cir-
culation of wild-type mice and measured the pop-
ulation size of SM α actin filament+ GFP cells
within the elastic lamina-dominant matrix scaf-
folds implanted into the host aorta [5]. As shown
in Fig. 2, the population size of SM αgctin fila-
ment+ cells in SHP-1-deficient CD34+ bone mar-
row cells was significantly smaller than that in
wild-type CD34+ bone marrow cells within the
elastic lamina-dominant matrix scaffolds at day 5
and 10 after matrix scaffold implantation and cell
transplantation. These observations confirmed the
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Figure 4: Influence of siRNA-mediated SHP-1 knockdown and transgenic SHP-1 deficiency on the forma-
tion of SM α actin filaments in CD34+ bone marrow cells in vitro. (A) Fluorescent micrographs demon-
strating different levels of SM α actin filament formation in CD34+ bone marrow cells transfected with
scrambled siRNA (row 1) and SHP-1-specific siRNA (row 2) as well as in SHP-1-deficient CD34+ cells
(row 3). The CD34+ cells were cultured on aortic elastic lamina-dominant matrix specimens. Green: SM
α actin. Blue: cell nuclei. Scale: 10 μm. (B) Percentage of SM α actin filament+ cells derived from
CD34+ bone marrow cells transfected with scrambled siRNA (black bars) and SHP-1-specific siRNA (gray
bars). ** p < 0.01, *** p < 0.001. ANOVA tests showed that changes in the percentage of SM α actin
filament+ cells with time (5 to 20 days) were significant in CD34+ cells transfected with scrambled siRNA
(p < 0.01), whereas changes in CD34+ cells transfected with SHP-1-specific siRNA were not significant (p
> 0.05). (C) Percentage of SM α actin filament+ cells derived from wild-type CD34+ cells (black bars)
and SHP-1-deficient CD34+ cells (gray bars). *** p < 0.001. ANOVA tests showed that changes in the
percentage of SM α actin filament+ cells with time were significant in wild-type CD34+ cells (p < 0.001),
whereas changes in SHP-1-deficient CD34+ cells were not significant (p > 0.05). Note that in the presence
of SHP-1-specific siRNA or SHP-1 deficiency, a small fraction of CD34+ cells exhibited SM α actin fila-
ments. However, these actin filaments were not as developed as those found in control CD34+ cells without
SHP-1 siRNA or SHP-1 deficiency. From ref. 5 with permission.
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role of SHP-1 in mediating the effect of arterial
elastic laminae on the formation of SM α actin
filaments in CD34+ bone marrow cells.

3 Elastic lamina-mediated suppression of
leukocyte adhesion

3.1 Protective role of elastic laminae in inflam-
matory responses

Arterial elastic laminae have long been consid-
ered a structure that determines the strength and
elasticity of blood vessels [8, 10-12, 48-50]. Re-
cent studies, however, have demonstrated that ar-
terial elastic laminae also participate in the regu-
lation of arterial morphogenesis and pathogenesis
[3-5, 14-16, 18, 51]. An important contribution of
elastic laminae is to confine smooth muscle cells
(SMCs) to the arterial media by inhibiting SMC
proliferation [14, 15] and migration [3], thus pre-
venting intimal hyperplasia under physiological
conditions. Arterial elastic laminae also exhibit
thrombosis-resistant properties [3, 4]. When im-
planted in an artery, elastic lamina scaffolds are
associated with significantly lower leukocyte ad-
hesion and thrombosis compared with collagen
matrix scaffolds [3,4]. These observations sug-
gest an inhibitory role for elastic laminae in regu-
lating inflammatory responses relative to collagen
matrix.

3.2 Inhibitory role of elastic laminae in regu-
lating leukocyte adhesion

We used an in vivo matrix-based arterial recon-
struction model to demonstrate the role of elas-
tic laminae in preventing leukocyte transmigra-
tion through the arterial media [4]. As shown in
Fig. 5, the majority of cells found in the matrix of
aortic substitutes were CD11 b/c-positive leuko-
cytes (predominantly monocytes/ macrophages
and granulocytes), especially during the early pe-
riod. While a large number of leukocytes mi-
grated into the collagen-dominant adventitia, few
leukocytes were found within the elastic lamina-
dominant media of the matrix-based aortic sub-
stitutes. The density of leukocytes in the me-
dia was 58- to 70-fold lower than that in the ad-
ventitia from 1 to 30 days after surgery, while

no significant difference was detected in the me-
dia between NaOH-treated (with an elastic lam-
ina blood-contacting surface) and untreated ma-
trix (with a basal lamina blood-contacting sur-
face) substitutes. At the end of the elastic lamina-
dominant media, leukocytes were not able to
migrate into the gaps between the elastic lami-
nae, even though the gaps were apparently larger
than the diameter of leukocytes (Fig. 5A Day
10*). However, at locations with aneurysm-like
changes (induced possibly by excessive mechan-
ical stretch due to surgical damage to the adven-
titia), leukocytes migrated into the medial wall,
where elastic laminae were largely destroyed
(Fig. 5A Day 10**). These observations demon-
strate that intact and NaOH-treated elastic lami-
nae exert an inhibitory effect on leukocyte trans-
migration relative to the adventitial collagen ma-
trix.

We carried out an in vitro monocyte adhesion
assay to observe the inhibitory effect of elastic
laminae on monocyte adhesion relative to that
of the arterial basal lamina and adventitia. As
shown in Fig. 6, the exposure of monocytes to
NaOH-treated and untreated elastic laminae in-
duced monocyte adhesion ranging from 9 to 20
cells/mm2 and 13 to 16 cells/mm2, respectively,
from 3 to 24 hours. In contrast, exposure to the
basal lamina and adventitia resulted in a more
than 11- and 98-fold increase in monocyte adhe-
sion, respectively, compared with elastic lamina.
These observations verify the inhibitory role of
elastic laminae on monocyte adhesion relative to
collagen-containing matrix.

3.3 Regulatory mechanisms for the inhibitory
role of elastic laminae

Leukocytes are known to express the inhibitory
receptor SIRP α (also known as Src homol-
ogy 2 domain-containing tyrosine phosphatase
substrate-1), a transmembrane glycoprotein re-
ceptor that exerts an inhibitory effect on cell mi-
togenic [26, 27, 31, 38, 52, 53] and inflammatory
[45, 54] activities. Upon ligand binding, SIRP
α transmits inhibitory signals through tyrosine
phosphorylation of its intracellular immunorecep-
tor tyrosine-based inhibitory motif (ITIM) [26,
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Figure 5: Leukocyte transmigration in the elastic lamina-dominant media and collagen-dominant adventitia
of matrix-based aortic substitutes in vivo. (A) Transverse fluorescent micrographs showing the distribution
of CD 11b/c-positive leukocytes in the media and adventitia of matrix-based aortic substitutes. Note that
leukocytes did not migrate into the gaps between the elastic laminae at the end of the aortic matrix substi-
tutes (Day 10*). However, leukocytes migrated into the media of aortic matrix substitutes when the elastic
laminae were largely destroyed at locations with aneurysmatic changes (Day 10**). Red: antibody-labeled
CD 11 b/c. Green: elastic laminae. Blue: Hoechst 33258-labeled cell nuclei. Solid arrow: blood-contacting
surface of aortic matrix substitutes. Open arrow: aneurysmatic change. Scale: 100 μm. (B) Density
of CD-11 b/c-positive cells within the elastic lamina-dominant media and collagen-dominant adventitia of
NaOH-treated and untreated matrix scaffolds. Differences were significant (p < 0.0001) between elastic
laminae and adventitia at all observation times except time 0, at which no CD 11 b/c-positive cells were
found. No significant difference was detected between NaOH-treated and untreated elastic laminae at any
observation time (p > 0.05). Means and standard deviations are presented (n = 5 for each group). From ref.
4 with permission.
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Figure 6: Monocyte adhesion to different matrix specimens in vitro. (A) En face fluorescent micrographs
showing monocytes adhered to NaOH-treated and untreated elastic lamina, basal lamina, and adventitia.
EL: elastic lamina. Scale: 100 μm. (B) Measurements of monocyte density on NaOH-treated and untreated
elastic lamina, basal lamina, and adventitia. Differences were significant between elastic lamina and basal
lamina as well as between elastic lamina and adventitia at all observations times (p < 0.001). Means and
standard deviations are presented (n = 5 for each group). From ref. 4 with permission.
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27, 29, 31, 32, 38, 52, 53]. The phosphoryla-
tion of the ITIM initiates the recruitment of Src
homology 2 domain-containing protein tyrosine
phosphatase (SHP)-1 to SIRP α , which is known
as a substrate of SHP-1 [29, 32]. The recruit-
ment of SHP-1 also localizes and activates SHP-
1 [28, 33, 55], which in turn dephosphorylates
protein kinases, possibly including receptor tyro-
sine kinases [28, 33], the Src family protein ty-
rosine kinases [34], phosphatidylinositol 3-kinase
[34], and the Janus family tyrosine kinases [35,
36]. These activities potentially suppress inflam-
matory and mitogenic responses [37, 39, 56, 57].
Since the inhibitory effect of elastic laminae co-
incides with the activity of the inhibitory receptor
in leukocytes, it is conceivable that, upon contact-
ing leukocytes, elastic laminae may interact with
SIRP α and activate SHP-1, leading to the inhibi-
tion of leukocyte adhesion.

Tyrosine phosphorylation of SIRP α is required
for its inhibitory effect and for the recruitment
and activation of SHP-1. To test whether the in-
teraction of monocytes with matrix components
induces SIRP α phosphorylation and SHP-1 re-
cruitment, we examined co-immunoprecipitation
of SIRP α with SHP-1 and the relative phospho-
rylation of these molecules in monocytes reacted
with NaOH-treated and untreated elastic laminae,
basal lamina, and adventitia [4]. As shown in
Fig. 7A, the exposure of monocytes to NaOH-
treated and untreated elastic laminae induced an
apparent increase in the relative phosphorylation
of SIRP α . Phosphorylated SIRP α was co-
immunoprecipitated with SHP-1, demonstrating
recruitment of SHP-1 to SIRP α . Recruited SHP-
1 was also phosphorylated. In contrast, the rela-
tive phosphorylation of SIRP α in monocytes re-
acted with the basal lamina and adventitia was
not as apparent as that observed in cells reacted
with elastic laminae (Fig. 7B). Little SHP-1 re-
cruitment was found in monocytes cultured on the
basal lamina and adventitia. These observations
suggest that the exposure of monocytes to elas-
tic laminae stimulates the activation of SIRP α ,
which induces the recruitment and phosphoryla-
tion of SHP-1.

We used a siRNA approach to knockdown the ex-
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Figure 7: Co-immunoprecipitation and relative
phosphorylation of SIRP α and SHP-1 in mono-
cytes exposed to NaOH-treated and untreated
elastic laminae (panel A) as well as to basal lam-
ina and adventitia (panel B). Two IP/IB tests were
conducted for each matrix specimen. C: control
without exposure to a matrix specimen. EL: elas-
tic lamina. IP: immunoprecipitation. IB: im-
munoblotting. 4G10: anti-phosphotyrosine anti-
body. From ref. 4 with permission.

pression of SIRP α and SHP-1 and thus to demon-
strate the role of these molecules in mediating the
inhibitory effect of elastic laminae on monocyte
adhesion [4]. As shown in Fig. 8A, transfec-
tion with SIRP α-specific siRNA apparently re-
duced the expression of SIRP α in monocytes.
Such a treatment diminished the inhibitory ef-
fect of elastic laminae on monocyte adhesion, re-
sulting in a significant increase in the density of
monocytes on the surface of NaOH-treated and
untreated elastic laminae (Fig. 8B). However,
such a treatment did not significantly influence
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Figure 8: Influence of SIRP α- and SHP-1-
specific siRNAs on monocyte adhesion to elastic
laminae. (A) Knockdown of the relative expres-
sion of SIRP α and SHP-1 by transfection with
SIRP α- and SHP-1-specific siRNA, respectively.
Two tests were conducted for each siRNA treat-
ment. Control: cells without siRNA. S-siRNA:
scrambled siRNA. (B) Measurements of mono-
cyte density on NaOH-treated and untreated elas-
tic lamina, basal lamina, and adventitia in the
presence of scrambled siRNA and SIRP α- and
SHP-1-specific siRNA. The transfection with a
SIRP α- or SHP-1-specific siRNA induced a sig-
nificant increase in monocyte adhesion to NaOH-
treated and untreated elastic lamina at all obser-
vations times (p < 0.001). In contrast, such a
treatment did not induce significant changes in
monocyte adhesion to basal lamina and adventi-
tia (p > 0.05 for all observation times). Means
and standard deviations are presented (n = 5 for
each group). EL: elastic lamina. From ref. 4 with
permission.

monocyte adhesion to the basal lamina and ad-
ventitia (Fig. 8B). Similar results were observed
for the transfection with SHP-1-specific siRNA.
These observations suggest that SIRP α and SHP-
1 serve as potential mediators for the inhibitory

effect of elastic laminae on monocyte adhesion.

To test whether components from elastic lam-
inae bind to SIRP α , we prepared elastic
lamina degradation peptides and examined co-
immunoprecipitation of elastic lamina degrada-
tion peptides with SIRP α [4]. As shown in
Fig. 9A, in monocytes reacted with elastic lam-
ina degradation peptides (10 μg/ml), SIRP α
could be co-immunoprecipitated with elastic lam-
ina degradation peptides by using an anti-elastin
antibody, which was shown to react with elastin
peptides in an immunoblotting analysis. In a flow
cytometry test, a treatment with an anti-SIRP α
antibody (5 and 10 μg/ml), developed with the
extracellular domain of SIRP α as an antigen,
competitively reduced the binding of fluorescein-
conjugated elastic lamina degradation peptides
(10 μg/ml) to monocytes (Fig. 9B). The relative
fluorescent intensity at the peak distribution of the
tested monocytes, a relative index for the level of
ligand binding, was reduced by 50 +/- 15% and 63
+/- 12% in the presence of 5 and 10 μg/ml anti-
SIRP αgntibody, respectively (n = 3). In contrast,
an anti-CD11b antibody did not apparently influ-
ence the binding of the elastic lamina degradation
peptides. These observations suggest that elastic
lamina degradation peptides can bind to SIRP α
in monocytes.

To test whether elastic lamina degradation pep-
tides influence the activity of SIRP α and SHP-
1, we examined the relative phosphorylation of
SIRP α and SHP-1 in the presence of elastic lam-
ina degradation peptides [4]. As shown in Fig. 10,
a treatment with elastic lamina degradation pep-
tides (10 μg/ml) induced an increase in the rela-
tive level of SIRP α phosphorylation, and heav-
ily phosphorylated SIRP α was associated with
increased co-immunoprecipitation with SHP-1 in
monocytes, suggesting that SIRP α phosphoryla-
tion enhanced SHP-1 recruitment. The recruit-
ment of SHP-1 was associated with an apparent
increase in the relative level of SHP-1 phospho-
rylation in the presence of elastic lamina degra-
dation peptides. These observations suggest that
elastic lamina degradation peptides exert an acti-
vating effect on SIRP α and SHP-1, which is sim-
ilar to that of elastic laminae.
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Figure 9: Binding of elastic lamina degrada-
tion peptides (ELDPs) to SIRP α . (A) Co-
immunoprecipitation of ELDPs with SIRP α and
phosphorylation of SIRP α . Two tests were
conducted. IP: immunoprecipitation. IB: im-
munoblotting. (B) Influence of anti-SIRP α an-
tibody on the binding of FITC-conjugated EL-
DPs to SIRP α . Curve 1: FITC-conjugated
ELDPs 10 μg/ml. Curve 2: FITC-conjugated
ELDPs 10 μg/ml with anti-CD11b antibody 10
μg/ml. Curve 3 and 4: FITC-conjugated ELDPs
10 μg/ml with anti-SIRP α antibody 5 and 10
μg/ml, respectively. Curve 5: control with an un-
related FITC-conjugated secondary antibody 10
μg/ml. Three cytometry tests were conducted.
From ref. 4 with permission.

In summary, the present observations suggest that,
compared with collagen-dominant matrix, arterial
elastic laminae are resistant to monocyte adhe-
sion. Such an effect is potentially mediated by the
inhibitory receptor SIRP α and SHP-1. The in-
teraction of elastic laminae with monocytes may
activate SIRP α- and SHP-1-related signaling
pathways that potentially suppress pro-adhesion
mechanisms. The inhibitory effect of elastic lam-

IP: SIRP α
IB: SIRP α

IP: SIRP α
IB: SHP-1

IP: SIRP α
IB: 4G10

C    ELDPs – ELDPs +           _
0.5     1       3        6       0.5      1     3     6 hrs

SIRP α

SHP-1

SIRP α

SHP-1

Figure 10: Co-immunoprecipitation and relative
phosphorylationof SIRP α and SHP-1 in the pres-
ence of elastic lamina degradation peptides (EL-
DPs). Two tests were conducted. C: control
monocytes without treatment with ELDPs. IB:
immunoblotting. IP: immunoprecipitation. From
ref. 4 with permission.

inae may potentially counterbalance the stimula-
tory effect of collagen matrix, contributing to co-
ordinated regulation of inflammatory activities in
the wall of arteries. The inhibitory feature renders
elastic lamina a potential blood-contacting mate-
rial for arterial reconstruction.

4 Elastic lamina-mediated inhibition of
smooth muscle cell proliferation and
migration

Smooth muscle cells reside within an elastic
lamina-rich matrix in the arterial media. These
cells are confined within the arterial media with-
out a significant proliferative activity under phys-
iological conditions. However, in the mouse
model of elastin gene knockout, which is associ-
ated with impaired development of elastic fibers
and laminae, SMCs exhibit a significantly in-
creased proliferative activity in association with
enhanced migration, resulting in profound intimal
hyperplasia and arterial stenosis [15]. Similarly,
incomplete development of arterial elastic lami-
nae in human genetic disorders, such as Williams
syndrome and supravalvular aortic stenosis, is
associated with similar pathological changes in
large arteries [18, 58, 59]. These observations
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suggest a role for elastic laminae in inhibiting
SMC proliferative activities.

Blood 
flow

Aorta

Figure 11: Schematic representation showing an
aortic matrix strip implanted in the rat aorta.
Three strips with distinct matrix surfaces, includ-
ing the elastic lamina, basal lamina, and adven-
titia, were implanted in each host aorta. Arrow:
blood flow direction. From ref. 3 with permis-
sion.

We have used a model of arterial matrix scaffold
implantation to assess the role of elastic laminae
in regulating SMC proliferative activities and inti-
mal hyperplasia, a pathological process involving
SMC migration into the arterial intima [3]. In this
model, matrix scaffolds were constructed from
rat aortic specimens with various surface matrix
components, including elastic lamina, basal lam-
ina, and adventitial collagen matrix. The matrix
scaffolds were implanted into the aorta of the re-
cipient rat as shown in Fig. 11 and collected
from the rat for pathological tests at day 5, 10,
and 20. As shown in Fig. 12, the neointimal
layer on the elastic lamina surface was signifi-
cantly thinner than that on the basal lamina and
adventitia. To further test the difference between
the elastic laminae and collagen matrix, we im-
planted a matrix scaffold with two different sur-
faces: one side with elastic lamina and the other
side with adventitial collagen matrix. As shown

Elastic lamina           Basal lamina            Adventitia

5 days

10 days

20 days

Figure 12: Fluorescent micrographs showing
antibody-labeled SMC α actin (red in color) in
implanted aortic matrix scaffolds with various
surfaces, including the elastic lamina, basal lam-
ina, and adventitia. Green: elastic laminae. Blue:
cell nuclei. Arrow: Lumen surface. Scale: 100
μm. From ref. 3 with permission.

in Fig. 13A, the neointima on the elastic lam-
ina surface was considerably thinner than that on
the collagen matrix surface of the same matrix im-
plant. When a matrix scaffold with an elastic lam-
ina surface at both sides was implanted, the neoin-
timal thickness was comparable at both sides (Fig.
13B). A BrdU assay demonstrated that the elastic
lamina surface was associated with lower BrdU-
incorporation than the basal lamina and adventi-
tial surfaces at day 10, while that on the basal
lamina was not significantly different from that
on the adventitia (Fig. 14). Moreover, whereas
a high density of SM α actin-positive cells ap-
peared in the collagen-rich adventitia, few such
cells were found in the elastic lamina-rich media
(Fig. 12). These observations suggest that elastic
laminae exert a negative effect on SMC prolifer-
ative activities and intimal hyperplasia compared
to collagen-containing matrix. Such an inhibitory
feature renders elastic lamina a potential material
for constructing the blood-contacting surface of
engineered blood vessels.
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Figure 13: Fluorescent micrographs showing the
influence of elastic laminae and adventitial col-
lagen matrix on the formation of neointima. In
panel A, a matrix scaffold was implanted into the
rat aorta with an elastic lamina surface at one side
and an adventitial collagen surface at the other.
At day 20, the SMC-containing neointima (red in
color) on the collagen surface (labeled c) was sig-
nificantly thicker than that on the elastic lamina
(labeled e) in the same implant. In panel B, a ma-
trix scaffold was folded along the axial direction
at the adventitial side, generating a scaffold with
an elastic lamina surface on both sides. The thick-
ness of neointima was comparable at both sides.
The letter “a” represents the wall of the host aorta.
Red: SMC αgctin. Green: elastic laminae. Blue:
cell nuclei. *: lumen. Scale bar: 100 μm. From
ref. 3 with permission.

5 Concluding remarks

Arterial elastic laminae have long been consid-
ered an inert matrix structure that contributes to
the stability, elasticity, and strength of the arterial
wall. However, recent studies have demonstrated
that elastic laminae can serve as a signaling ele-
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Figure 14: Cell proliferation, detected by BrdU
incorporation, in the neointima of matrix implants
with different surfaces, including elastic lamina
(E), basal lamina (BL), and adventitial collagen
matrix (AC) at day 10. BrdU index was defined as
the ratio of BrdU-positive cells to the total cells.
Means and standard deviation are presented. *
and **: p < 0.05 and 0.01, respectively, for com-
parisons between the elastic lamina surface and
basal lamina surface and between the elastic lam-
ina surface and collagen surface (n = 5 each time).
From ref. 3 with permission.

ment and participate in the regulation of vascular
cell activities. In particular, elastic laminae regu-
late the formation of SM α-actin filaments in bone
marrow-derived CD34+ cells. Such an observa-
tion provides insights into the mechanisms of vas-
cular SMC development. Furthermore, elastin,
the major component of elastic laminae, exerts
an inhibitory effect on leukocyte adhesion, and
SMC proliferation and migration. These observa-
tions suggest that elastic laminae serve as a matrix
component that prevents arteries from inflamma-
tory responses and confine SMCs within the arte-
rial media under physiological conditions. Struc-
tural alterations and malfunction of elastic lami-
nae may result in or enhance vascular disorders
such as intimal hyperplasia and atherosclerosis.
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