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Abstract
Objective—The aim of this study was to determine the role of Suppressor of Cytokine Signaling
1 (SOCS1) in graft arteriosclerosis (GA).

Background—GA, the major cause of late cardiac allograft failure, is initiated by immune-
mediated endothelial activation resulting in vascular inflammation and consequent neointima
formation. SOCS1, a negative regulator of cytokine signaling, is highly expressed in endothelial
cells (ECs) and may prevent endothelial inflammatory responses and phenotypic activation.

Methods—Clinical specimens of coronary arteries with GA, atherosclerosis, or without disease
were collected for histological analysis. SOCS1 knockout or vascular endothelial SOCS1
transgenic mice (VESOCS1) were used in an aorta transplant model of GA. Mouse aortic ECs
were isolated for in vitro assays.

Results—Dramatic but specific reduction of endothelial SOCS1 was observed in human GA and
atherosclerosis specimens which suggested the importance of SOCS1 in maintaining normal
endothelial function. SOCS1 deletion in mice resulted in basal EC dysfunction. After
transplantation, SOCS1-deficient aortic grafts augmented leukocyte recruitment and neointima
formation, whereas endothelial overexpression of SOCS1 diminished arterial rejection. Induction
of endothelial adhesion molecules in early stages of GA was suppressed by the VESOCS1
transgene and this effect was confirmed in cultured aortic ECs. Moreover, VESOCS1 maintained
better vascular function during GA progression. Mechanistically, endothelial SOCS1, by
modulating both basal and cytokine-induced expression of the adhesion molecules PECAM-1,
ICAM-1 and VCAM-1, restrained leukocyte adhesion and trans-endothelial migration during
inflammatory cell infiltration.

Conclusions—SOCS1 prevents GA progression by preserving endothelial function and
attenuating cytokine-induced adhesion molecule expression in vascular endothelium.

Keywords
graft arteriosclerosis; SOCS1; endothelial activation; endothelial adhesion molecule

© 2013 American College of Cardiology Foundation. Published by Elsevier Inc. All rights reserved.
3Reprint requests and correspondence: Dr. Wang Min (Wang.min@yale.edu) or Dr. Luyang Yu (luyangyu@zju.edu.cn.

Conflict of Interest: The authors declare that they have no conflict

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
J Am Coll Cardiol. Author manuscript; available in PMC 2015 January 07.

Published in final edited form as:
J Am Coll Cardiol. 2014 January 7; 63(1): 21–29. doi:10.1016/j.jacc.2013.08.694.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



INTRODUCTION
Pathological vascular remodeling is the major cause of cardiovascular diseases. A prototypic
example of pathological vascular remodeling is graft arteriosclerosis (GA), also referred to
as cardiac allograft vasculopathy, which leads to clinical failure of organ allografts after the
first year post-transplantation [1, 2]. The development of GA arises from the recruitment of
acute inflammatory cells (e.g. macrophages) and subsequent alloantigen-responsive T cells
on recognition of graft endothelial cells (ECs). The local production of pro-inflammatory
cytokines, in turn, drives vascular smooth muscle cell migration and proliferation within the
neointima, leading to luminal obstruction and allograft ischemia. A critical initiating event
in this process is EC activation and the consequent induction of endothelial adhesion
molecules, including E-selectin, P-selectin, intercellular adhesion molecule 1 (ICAM-1),
vascular cell adhesion molecule 1 (VCAM-1), and platelet/endothelial cell adhesion
molecule 1 (PECAM-1). The enhanced expression of endothelial adhesion molecules
provides an environment for initial adhesion and subsequent migration of inflammatory cells
into the vessel wall. Leukocyte adhesion to activated ECs is a sequential, multistep process
consisting of tethering, rolling, firm adhesion, and transmigration [3]. Each adhesion
molecule has specific functions in the adhesion cascade of inflammatory cell recruitment;
selectins are associated with cell rolling, ICAM-1 and VCAM-1 correlate to firm adhesion,
while PECAM-1 is responsible for paracellular transmigration. The major stimuli for
induction of endothelial adhesion molecules are pro-inflammatory cytokines, which
typically include interleukin (IL)-6 and interferon-γ (IFNγ) in GA.

Among IFNγ-induced genes, Suppressor of cytokine signaling 1 (SOCS1) is an attractive
candidate as a putative regulator of GA pathogenesis. SOCS1, a member of the SOCS
family of proteins, was first identified as a negative feedback inhibitor of cytokine signaling.
So far, SOCS1 has been implicated in the regulation of dozens of cytokines, including IL-6
and IFNγ. It not only functions as a powerful attenuator of JAK-STAT signaling, but has
also been shown to disrupt other inflammatory pathways by regulating NF-κB [4] and ASK1
degradation based on our previous work [5, 6]. Besides these in vitro studies, the
physiological role of SOCS1 is extensively established in immune function and tumor
progression. SOCS1 is abundantly expressed in the thymus and spleen and is induced in all
immune cells by a large panel of cytokines and pathogens. SOCS1-deficient mice die around
2–3 weeks postnatally due to overactive inflammatory responses [7, 8]. On the other hand,
SOCS1 overexpression in vivo results in a reduction of inflammatory cytokines produced by
infiltrating immunocytes [9, 10]. The distinct role of SOCS1 in inflammation regulation is
correlated with several immunological diseases, such as multiple sclerosis [11],
inflammatory arthritis [12], and diabetes [13, 14]. Additionally, SOCS1 functions as a tumor
suppressor in carcinogenesis. Decreased SOCS1 expression in cancer cells and increased
expression in stromal cells have been observed in a variety of tumor samples. In clinical
practice, SOCS1 has been set up as a diagnostic biomarker of tumors at both the
transcriptional [15, 16] and post-translational levels [17, 18]. Although we have previously
dissected part of the SOCS1 signal transduction pathway in cultured ECs [5, 6], little is
known regarding the pathophysiological role of SOCS1 in the cardiovascular system. In the
present study, we investigated the role of SOCS1 in vascular ECs within GA based on both
analysis of clinical specimens and experimental research in mouse models of disease.

METHODS
Expanded materials and methods are provided in the online supplement, including the
descriptions of clinical specimens, generation of SOCS1 transgenic mice, mouse aortic
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transplantation model, graft analyses, cell culture, immunoprecipitation/immunoblotting,
leukocyte-endothelial adhesion and transmigration assays, and statistical analyses.

RESULTS
Loss of endothelial SOCS1 expression correlates with arterial disease in clinical samples

SOCS1 expression in human vascular cells has been described in several in vitro studies. To
determine the expression pattern of SOCS1 in clinical specimens of vascular disease, human
coronary arteries with GA from transplanted hearts and with atherosclerotic plaque or no
disease from non-transplanted hearts were collected for histological examination. SOCS1
was abundantly expressed in non-diseased arteries, while it was dramatically reduced in
diseased arteries especially within the luminal endothelial layer identified by PECAM-1
staining (Fig. 1A with quantification in 1B). However, no significant difference was
detected at the mRNA level between healthy and diseased arteries (Supplemental Fig. S1),
suggesting diminished SOCS1 protein synthesis. Histology also demonstrated obvious
intimal expansion with plentiful leukocyte infiltration as evidenced by CD45
immunostaining of diseased arteries (Fig. 1C with quantifications in 1D). Therefore, to
further determine a link between endothelial SOCS1 expression and vascular inflammation,
the adhesion molecules and markers of EC activation, ICAM-1 and VCAM-1, were assessed
by immunofluorescence. Opposite to the pattern for SOCS1, expression of ICAM-1 and
VCAM-1 was markedly enhanced while PECAM1 was slightly increased in the endothelium
of diseased arteries compared to non-diseased controls (Fig. 1E). These results suggest a
protective role of SOCS1 in pathological vascular remodeling by preventing endothelial
activation and vascular inflammation.

SOCS1 deletion in mice exacerbates GA and EC dysfunction
To further investigate the function of SOCS1 in vessel wall cells under a pathological
setting, we used a mouse aorta transplantation model of GA which we established in a
previous study [19, 20]. Briefly, a segment of male donor thoracic aorta is interposed into
the abdominal aorta of a female recipient of the same background strain. The host then
mounts an alloimmune response against the male-specific H–Y minor histocompatibility
antigen expressed by the graft in which leukocyte–derived pro-inflammatory cytokines
induce endothelial activation and drive graft neointima formation [19–22]. Since SOCS1
knockout mice (SOCS1-KO) die perinatally due to overproduction of inflammatory
cytokines, we used SOCS1-KO mice on an IFNγ-deficient background in which the mice
survive normally[23]. IFNγ-KO male C57BL/6 (B6) to female B6 aorta transplantation
induced GA as characterized by graft infiltration with leukocytes and neointima formation
(Fig. 2A, with quantification in Fig. 2B). Strikingly, SOCS1/IFNγ-KO male B6 donor grafts
to female B6 recipients generated significantly larger neointima that contained more CD45-
positive infiltrating leukocytes resulting in lumen loss compared to the IFNγ-KO donor
group (Fig. 2A with quantification in Fig. 2B).

Since EC activation/dysfunction has been implicated as the early step for arteriosclerosis
progression, we investigated if SOCS1 deficiency may affect endothelial function of the
vessel wall. To this end, aortas from IFNγ-KO or SOCS1/IFNγ-KO mice were isolated for
vessel function assays. Vascular reactivity of isolated aortic rings was determined by
examining the responses to the vasoconstrictor phenylepherine (PE), endothelium-dependent
vasodilator acetylcholine (Ach), and the NOS inhibitor L-NAME. Compared to IFNγ-KO,
aortas from SOCS1/IFNγ-KO mice showed increased constriction in responsive to PE but
reduced relaxation in response to Ach (Supplemental Fig. S2). These results are consistent
with our above clinical observations and support a role for SOCS1 in preventing GA
pathogenesis, in which SOCS1 regulated EC function may be a potential mechanism.
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Vascular endothelial SOCS1 overexpression in mice inhibits GA
The conclusions drawn above led us to hypothesize that SOCS1 may function as a negative
regulator of endothelial activation during GA. To clarify this issue, we generate a VE-
cadherin promoter-driven SOCS1 transgenic mouse (VESOCS1) (Supplemental Fig. S3A)
and backcrossed it onto the B6 background for more than 10 generations. EC-specific
expression of SOCS1 was determined at both the mRNA and protein levels (Supplemental
Fig. S3B–D). Non-transgenic littermates (WT) and VESOCS1 male mice were used as aorta
donors in the GA model as described above. Donor grafts were harvested at 2 weeks after
transplantation for histological analysis and morphometric assessment. Aorta grafts
overexpressing SOCS1 generated significantly less neointima and contained fewer CD45+

inflammatory cells than did the WT vessels (Fig. 3A,B). To assess the effects on
inflammation-induced EC signaling, IL-6 and IFNγ were selected for evaluation since they
represent major pro-inflammatory cytokines produced in GA [24–28]. Real-time qPCR
results showed no significant difference in the production of either cytokine between WT
and VESOCS1 groups (Supplemental Fig. S4). In contrast, there was decreased cytokine
signaling as assessed by immunostaining for phosphorylated JAK2 and phosphorylated
STAT3 in aortas overexpressing SOCS1 at 3 days post-operatively (Fig. 3C,D). The
expression of these activated signaling molecules co-localized with PECAM-1
demonstrating events within the graft ECs. Since JAK-STAT signaling is one of the major
pathways in pro-inflammatory cytokine-mediated EC activation, these results provide clues
to explore the effects of SOCS1 in GA progression.

SOCS1 is a negative regulator of endothelial activation in GA
To further determine the function of SOCS1 in GA, we examined for markers of EC
activation early after transplantation of WT and VESOCS1 grafts prior to discernable
neointima formation. At 3 days post-operatively, real-time qPCR revealed decreased mRNA
expression of the inducible endothelial adhesion molecules ICAM-1 and VCAM-1 (but not
PECAM-1) in VESOCS1 aortas compared to the WT group (Fig. 4A). Immunostaining
confirmed an inhibitory effect of SOCS1 on the expression of ICAM-1 and VCAM-1 and
also of PECAM-1 in the graft endothelium (Fig. 4B). Correspondingly, decreased numbers
of infiltrating leukocytes were observed in VESOCS1 grafts compared to the WT group
(Fig. 4C,D). On the other hand, vessel function assays revealed reduced constriction of
VESOCS1 graft in response to PE but enhanced relaxation in response to Ach, compared to
B6 controls (Supplemental Fig. S5). Taken together, these results demonstrate a direct role
of SOCS1 in preventing endothelial activation/dysfunction during GA formation.

SOCS1 overexpression restrains expression of adhesion molecules and leukocyte-
endothelial adhesion and transmigration

To define how SOCS1 mediates gene expression of PECAM-1, ICAM-1 and VCAM-1 in
vascular EC, we further examined the effects of the SOCS1 transgene in isolated primary
mouse aortic EC. We observed that the basal level of PECAM-1, a major scaffold protein
but also an adhesion molecule of ECs, is clearly suppressed in the presence of the SOCS1
transgene (Fig. 5A). Consistent with the in vivo findings, PECAM-1 mRNA was not altered
by SOCS1 transgene expression (data not shown), suggesting that SOCS1 may regulate
PECAM-1 expression at a post-translational level. We investigated if SOCS1 mediates
PECAM-1 proteasomal degradation as reported previously [29]. In aortic ECs from
VESOCS1 animals, the low expression level of PECAM-1 was strongly reversed by the
presence of MG132, a pan-proteasome inhibitor (Fig. 5A). Moreover, associations between
SOCS1 and PECAM-1 could be detected by a co-immunoprecipitation assay with anti-
PECAM-1 followed by Western blot for SOCS1 in the same primary cells (Fig. 5B).
Thereby, these results demonstrate that SOCS1 binds PECAM-1 and mediates its
proteasomal degradation.
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In contrast to PECAM-1, we observed that both the mRNA (not shown) and protein (Fig.
5C) levels of ICAM-1 and VCAM-1 were upregulated by IL-6 and IFN-γ, and this
regulation was attenuated by the SOCS1 transgene (Fig. 5C). Since both IL-6 and IFN-γ
utilize JAK-STATs signaling pathways to induce gene expression of proinflammatory
molecules, we examined the signaling responses in aortic ECs. Primary cultured aortic ECs
were treated with mouse IL-6 or IFNγ and activation of their downstream signaling
mediators was determined by Western blot with phospho-specific antibodies. IL-6 induced
activation of JAK2 and STAT3, and the SOCS1 transgene reduced IL-6-activated JAK2-
STAT3 signaling (Fig. 5D). IFN-γ induced activation of JAK1/2 and STAT1/3 in aortic
ECs, and IFN-γ-activated signaling was attenuated by the SOCS1 transgene in EC (Fig. 5C).
These effects of SOCS1 on JAK-STAT activation are consistent with the in vivo
observations (Fig. 3). In summary, these results demonstrate that SOCS1 specifically
inhibits pro-inflammatory cytokine responses in vascular EC.

To correlate the role of SOCS1 in pro-inflammatory cytokine signaling to its effect on
vascular inflammation, we determined the effects of SOCS1 overexpression on in vitro
assays of leukocyte-endothelial adhesion and transmigration, two critical steps involved in
inflammatory cell recruitment [30, 31]. In an adhesion assay using fluorescently pre-labeled
mouse monocytes seeded onto confluent primary cultured aortic EC, SOCS1 overexpression
had no effect on monocyte attachment on resting ECs, but prevented pro-inflammatory
cytokine-mediated monocyte attachment as compared to the WT group (Supplemental Fig.
S6A,B). Similarly, an inhibitory effect of the SOCS1 transgene on monocyte transmigration
across cytokine-activated ECs was observed in a transendothelial migration assay [30]
(Supplemental Fig. S6C,D). These data suggest that SOCS1 specifically regulates pro-
inflammatory cytokine–dependent functions in vascular ECs that are relevant for leukocyte
trafficking and the development of GA.

DISCUSSION
In the present study, we investigated the role of SOCS1 in GA by assessing clinical
specimens and employing a mouse aorta transplantation model, across the H–Y–dependent
minor histocompatibility antigen barrier, which closely mimics GA progression as we have
previously described [20]. Here we demonstrate that SOCS1 is highly expressed in the
luminal endothelium of non-diseased human coronary arteries, while its expression is
decreased in ECs of chronically rejecting heart grafts and of atherosclerotic plaques. Such
dramatic loss of expression accompanied with abundant immune cell infiltration in the
pathologically remodeled vessel wall suggests a regulatory role for SOCS1 in GA
pathogenesis. The clinical observation is supported by enhanced intimal expansion and
increased leukocyte infiltration as well as EC dysfunction in SOCS1-deficient murine
allografts. Since endothelial activation initiates leukocytic infiltration and neointima
formation, a critical role for SOCS1 specifically in the endothelium of the transplanted
aortas is implied. To this end, transgenic mice overexpressing SOCS1 in vascular
endothelial cells were generated. The grafts from VESOCS1 mice exhibit dramatically
decreased endothelial activation, leukocyte infiltration, and neointima formation. ECs from
VESOCS1 grafts also blunt pro-inflammatory cytokine signaling and induction of adhesion
molecules. This mirrors the finding of decreased endogenous SOCS1 and enhanced
adhesion molecule expression in the endothelium of clinical GA specimens.
Mechanistically, we show that SOCS1 overexpression in ECs significantly reduces IL-6-
and IFNγ-induced JAK2-STAT1/3 signaling and leukocyte-endothelial adhesion and
transmigration. Furthermore, we show that SOCS1 directly binds to PECAM-1 and
interrupts PECAM-1 stability. We conclude that endothelial SOSC1 prevents GA by
downregulating pro-inflammatory cytokine-induced EC activation and subsequent leukocyte
infiltration.
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Negative role of SOCS1 in endothelial inflammation
GA progression depends closely on inflammation, the important amplification mechanism of
innate and adaptive immunity. Infiltration of immune cells into the vessel wall, including
neutrophils, macrophages, and T cells, requires vascular endothelial activation.
Characterized by the induction of adhesion molecules, endothelial activation results in
adherence of immune cells from the circulation onto endothelium followed by trans-
endothelial migration into the artery wall. In the present study, the clinical analysis suggests
a special inhibitory role of SOCS1 on endothelial sensing and responses during vascular
rejection. This observation supports our further investigations into the role of SOCS1 in
maintaining EC homeostasis. Besides preserving EC vessel function, we also find that
SOCS1 overexpression in vascular EC inhibits the induction of endothelial adhesion
molecules by pro-inflammatory cytokines. To this extent, our results reveal an important
role of SOCS1 as a negative regulator of endothelial activation and subsequent arterial
inflammation.

Dual regulatory mechanisms of endothelial adhesion molecule expression by SOCS1
Most studies of the SOCS family have focused on the immune system, including the
regulation of cytokine production by immune cells in vascular diseases. To determine the
effect of endothelial SOCS1 overexpression on inflammatory cytokine generation, we
assessed the levels of IL-6 and IFNγ transcripts typically expressed in GA lesions. No
significant differences were detected between WT and VESOCS1 groups. This suggests that
the responses of SOCS1-expressing ECs are critical to understanding GA progression and
need to be elucidated. Upregulation of adhesion molecule expression generally involves
transcriptional mechanisms. Besides NF-κB, STAT family members are major
transcriptional factors controlling the expression of inducible adhesion molecules, such as
ICAM-1 and VCAM-1, and are canonical signaling mediators for many inflammatory
stimuli [32, 33]. Upon the binding of different pro-inflammatory cytokines to their receptors,
intracellular activation of the Janus kinases, JAK1 and JAK2 is initiated which leads to auto-
phosphorylation and downstream STAT recruitment and phosphorylation. Activated STATs
subsequently form homodimers and translocate to the nucleus to launch target gene
expression. In our present study, inhibition of pro-inflammatory cytokine-induced JAK-
STAT signaling by endothelial SOCS1 is identified as its molecular function on endothelial
activation. Of note, IL-6 activates STAT1 while IFNγ induces broader STAT activation in
vascular ECs. More interestingly, our findings illustrate a novel mechanism of SOCS1 on
endothelial adhesion molecule expression in addition to transcription. We identify that
SOCS1 directly interacts with PECAM-1 to enhance its degradation. The association of
PECAM-1 downregulation and its phosphorylation in activated EC has been previously
reported [29], but little is known regarding the mechanisms. Here we demonstrate that
SOCS1 is a potent negative mediator in this process.

Pathophysiological function of SOCS1 in pathological vascular remodeling
Being a major member of the SOCS family, SOCS1 has received the most attention as a
critical negative regulator of immune cells. In pathological vascular remodeling, infiltrating
immune cells are the major source of pro-inflammatory cytokines which activate vascular
ECs and vascular smooth muscle cells as well as other vessel wall cells. In response to pro-
inflammatory cytokines, SOCS1 is induced in these inflammatory infiltrating cells and
negatively regulate the generation of these cytokines [34]. Based on both clinical and
experimental data, the present study reveals a critical function of SOCS1 in vascular EC
activation, dysfunction and homeostasis. Our results shed light on the role of SOCS1 in
vessel wall cells, which expands the understanding of SOCS family beyond their traditional
role in the immune system. To our surprise, endothelial SOCS1 expression is inhibited and
not induced by the occurrence of both clinical GA and atherosclerosis. Since SOCS1 mRNA
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was not reduced in these specimens, it suggests that protein degradation may represent a
novel regulation mechanism for SOCS1 expression. However, we cannot exclude the
expression of endogenous SOCS1 transcripts in vessel wall cell types other than ECs, such
as infiltrating leukocytes. Recent work from other lab reports that SOCS1 expressed in
smooth muscle cells is a key regulator of vascular cell responses in atherosclerosis [35]. Our
observation is also consistent for SOCS1 induction in the underlying neointima and shoulder
regions of plaques beyond endothelium (Fig. 1A). Herewith, SOCS1 is an important
regulator in maintaining normal function of the vasculature in pathological vascular
remodeling. Modulation of endothelial SOCS1 expression and activity may represent a
novel strategy for the treatment of cardiovascular diseases, such as GA and atherosclerosis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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EC endothelial cell

GA graft arteriosclerosis

ICAM1 intercellular adhesion molecule 1

JAK Janus kinase

PECAM-1 platelet/endothelial cell adhesion molecule 1

STAT Signal transducers and activators of transcription

SOCS1 Suppressor of cytokine signaling 1

VCAM-1 vascular cell adhesion molecule 1
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Fig. 1. Loss of SOCS1 expression correlates with clinical pathological vascular remodeling
Human coronary artery specimens with GA from chronically rejecting heart allografts and
with atherosclerotic plaques or no disease from non-transplanted hearts were collected. (A–
B) Dramatically decreased endothelial SOCS1 expression in diseased vessel wall.
Endothelial SOCS1 expression is demonstrated by immunofluorescence analysis of artery
cross-sections stained for SOCS1 and the endothelial marker, PECAM-1 with DAPI labeling
of nuclei. Representative images are shown in A with quantifications in B. Scale bar: 50 μm.
(C–D) Inflammatory cell and vascular smooth muscle cell accumulation are demonstrated
by immunofluorescence analysis of artery cross-sections stained for the leukocyte common
marker, CD45 and the smooth muscle cell marker, smooth muscle α-actin (SMA) with
DAPI labeling of nuclei. Representative images are shown with quantification in the
histogram. Scale bar: 50 μm. (E) Induction of endothelial adhesion molecules has the
opposite expression pattern as endothelial SOCS1. Representative histological analysis of
artery cross-sections stained with ICAM-1 or VCAM-1 and PECAM-1 antibodies.
Immunofluorescence sections were counterstained with DAPI. Scale bar: 50 μm. Data
presented in B and D are mean±SEM from independent clinical specimens of varying
number per group as indicated; **P<0.01, ***P<0.001, one-way ANOVA followed by
Bonferroni’s post-hoc test.
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Fig. 2. SOCS1 deletion enhances GA in mice
Aortas from IFNγ-KO or SOCS1/IFNγ-KO male B6 donors were transplanted to female B6
recipients and the allografts were harvested at 2 weeks post-operatively. (A) Histological
analysis of artery grafts by EVG staining and immunostaining by anti-SMA and anti-CD45
antibodies with DAPI labeling of nuclei. Representative photomicrographs are shown.
Arrowheads mark the internal elastic lamina to delineate the intima from media. Scale bar:
50 μm. (B) Morphometric assessment of artery graft intima, media, lumen, and vessel areas
and quantification of CD45+ cells infiltrating the intima and media of each artery graft
cross-section. Data are mean±SEM from 6 mice per group; *P<0.05, **P<0.001, unpaired t-
test.
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Fig. 3. EC-specific overexpression of SOCS1 inhibits GA in mice
Aortas from non-transgenic littermate WT and VESOCS1 male B6 mice were transplanted
to female B6 recipients and the allografts were harvested at 2 weeks or 3 days post-
operatively. (A) Histological analysis of 2-week artery grafts by EVG and immunostaining
by anti-SMA and anti-CD45 antibodies with DAPI labeling of nuclei. Representative
photomicrographs are shown. Arrowheads mark the internal elastic lamina to delineate the
intima from media. Scale bar: 50 μm. (B) Morphometric assessment of artery graft intima,
media, lumen, and vessel areas and quantification of CD45+ cells infiltrating the intima and
media of each artery graft. (C) EC-specific expression of SOCS1 inhibited pro-
inflammatory cytokine-induced JAK2 and STAT3 activation in vessel grafts. Cross sections
of WT or VESOCS1 grafts at day 3 were co-immunostained with antibodies to
phosphorylated (p)-JAK2 or p-STAT3 and the EC marker PECAM-1 with DAPI labeling of
nuclei. Representative images are shown. Scale bar: 50 μm. (D) Quantification of the
endothelial signaling data in C. Data are mean±SEM from 5–6 mice per group; *P<0.05,
**P<0.001, unpaired t-test.
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Fig. 4. EC-specific expression of SOCS1 inhibits endothelial adhesion molecule induction and
corresponding leukocytic infiltration in GA
Aortas from non-transgenic littermate WT and VESOCS1 male B6 mice were transplanted
to female B6 recipients and the allografts were harvested at 3 days post-operatively. (A)
Transcripts for the endothelial adhesion molecules, ICAM-1 and VCAM-1 from WT and
VESOCS1 grafts were quantified by qPCR and normalized to HPRT. (B) Induction of
endothelial adhesion molecules was also determined by immunostaining with antibodies to
ICAM-1 or VCAM-1 and PECAM-1 with DAPI labeling of nuclei. Representative images
are shown. Scale bar: 50 μm. (C) Leukocyte infiltration was determined by immunostaining
with antibodies to the pan-leukocyte marker, CD45 or the macrophage marker, Mac3 and
endothelium marker PECAM-1. Representative images are shown. Scale bar: 50 μm. (D)
Quantification of the number of leukocytes in C. Data are mean±SEM from 4–5 mice per
group; *P<0.05, **P<0.001, unpaired t-test.
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Fig. 5. EC-specific expression of SOCS1 weakens pro-inflammatory cytokine responses in
primary cultured aortic EC
(A) SOCS1 promotes proteasomal degradation of PECAM-1. Primary cultured WT and
VESOCS1 mouse aortic ECs were treated with the pan-proteasome inhibitor MG132 for the
indicated times. Expression of PECAM-1 and SOCS1 was determined by Western blot with
the respective antibodies. PECAM-1 expression was quantified with untreated WT
normalized as a value of 1.0. (B) SOCS1 associates with PECAM-1 in mouse aortic EC.
Primary cultured WT and VESOCS1 mouse aortic ECs were lysed in RIPA buffer.
Association of SOCS1 with PECAM-1 was determined by a co-immunoprecipitation assay
with anti-SOCS1 followed by Western blot with anti-PECAM-1 or anti-SOCS1. (C) Isolated
WT and VESOCS1 mouse aortic ECs were cultured in serum-free medium for 24 hours,
followed by treatment with mouse IFNγ (10 ng/mL) or IL-6 (10 ng/mL) for the indicated
times. Induction of endothelial adhesion molecules was determined. VCAM-1 and ICAM-1
expression was quantified with untreated WT normalized as a value of 1.0. (D–E) Isolated
WT and VESOCS1 mouse aortic ECs were cultured in serum-free medium for 24 hours,
followed by treatment with mouse IFNγ (10 ng/mL) or IL-6 (10 ng/mL) for the indicated
times. Phosphorylation of JAK1, JAK2, STAT1, and STAT3 and total proteins were
determined by Western blot with the respective antibodies. SOCS1 and β-actin were also
determined. All experiments in A–E were repeated 3 times.
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