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Abstract
Objective—Notch signaling plays pivotal roles in the pathogenesis of vascular disease. However,
little is known about its role in atherosclerosis. We sought to investigate the potential involvement
of the Notch signaling in atherosclerosis.

Methods—Expression of Notch pathway components in mouse and human aorta with or without
atherosclerosis plaque was examined by immuno-histochemistry. Expression of Notch target
genes in young versus aged human endothelial cells (EC) was examined by PCRArray and
immunoblot. In vitro loss- and gain-of-function approaches were utilized to evaluate the role of
Notch signaling in inducing EC senescence and secretion of pro-inflammatory cytokines by
ProteinArray. Notch gene profile was studied in 1054 blood samples of patients with coronary
artery disease (CAD). Genotyping was performed using the Genome-Wide Single Nucleotide
Polymorphism (SNP) Array.

Results—Notch pathway components were upregulated in luminal EC at atherosclerotic lesions
from mouse and human aortas. In addition, the Notch pathway was activated in aged but not
young human EC. Enforced Notch activation resulted in EC senescence and significantly
upregulated expression of several molecules implicated in the inflammatory response (IL-6/IL-8/
IL-1α/RANTES/ICAM-1). The upregulated IL-6 was partially responsible for mediating
leukocyte transendothelial migration. Genetic association analysis detected, of 82 SNPs across 6
Notch pathway genes analyzed, 4 SNPs with nominal association with CAD burden.
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Conclusion—Notch pathway is activated in luminal EC at atherosclerotic plaques and results in
pro-inflammatory response and senescence of EC. Notch signaling may be linked to human CAD
risk. These findings implicate a potential involvement of Notch signaling in atherosclerosis.
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Introduction
Inflammation has emerged as a major driving force of atherosclerosis development and
progression [1] [2]. In the early stage of atherosclerosis, the injured endothelium becomes
activated during the inflammatory process involving adhesion/accumulation of platelets and
recruitment/infiltration of the inflammatory subset of monocytes/macrophages to the arterial
wall. Infiltrated monocytes/macrophages eventually transform into foam cells, leading to the
development of characteristic atherosclerosis plaque lesions [3]. Inflammatory cells within
the plaque secrete matrix proteases that degrade extracellular matrix proteins and weaken
the protective fibrous cap of the atheroma, leading to thrombosis and the occurrence of acute
coronary syndromes [4]. Some circulating cells, such as endothelial progenitor cells (EPC)
are thought to potentially counter the destructive effects by re-endothelializing the denuded
vascular surface [5]. In addition, some “by-products” created in the process of inflammation
and vascular injury, i.e. platelet-derived microparticles (PMPs) and apoptotic bodies from
senescent EC, contribute to boost the potential of EPC for restoring endothelial integrity [6]
[7]. When the pro-atherogenesis risk factors overwhelm the ability of EPC and other repair
mechanisms to maintain arterial homeostasis, the inflammation cascades are self-amplified
and compromise the stability of the arterial wall. Atherosclerosis could thus be envisioned as
an imbalance between vascular repair and vascular damage inflammation-related cascades.

Aging is one of the most well established risk factors for atherosclerosis. At the cellular
level, aging of vascular EC leads to senescence. Senescence is characterized by specific
changes in cell morphology and gene expression, which reduce EC function [8] and thus are
proposed to be pro-atherogenic [9] [10]. Although mitotically inactive, senescent cells are
not physiologically inert: they secrete pro-inflammatory cytokines, growth factors and
degradative enzymes [11], and this could promote or contribute to the pathogenesis of
atherosclerosis [12]. In fact, EC senescence is often accompanied by a low-grade chronic
up-regulation of certain pro-inflammatory responses [13].

Notch signaling plays an essential role in vascular development [14] [15] [16]. It is also
critical for post-natal vascular diseases. For instance, mutations of the Notch3 gene cause a
hereditary vascular degenerative disease[17] while activation of Notch1 in smooth muscle
cells mediates neointimal formation after vascular injury [18]. Delta-like 4 (DLL4)-induced
Notch activation has been observed in macrophages within atherosclerotic plaques [19].
Consistently, systemic administration of γ-secretase inhibitor (GSI), which blocks the Notch
activation, reduces the progression of atherosclerotic plaques in ApoE−/− mice by altering
the immune response [20]. However, Notch’s role in human atherosclerosis remains largely
unexplored.

In this study, we provide evidence that links the Notch signaling with EC senescence and
inflammation and implies a potential involvement of Notch signaling in conferring risk for
human atherosclerosis.
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Materials and Methods
Cells and tissues

Human microvascular endothelial cells (HMVEC), provided by Dr. D. Fraker, University of
Pennsylvania, were isolated from human dermis. Human aorta endothelial cells (HAEC)
were purchased from Lonza (CC-2535, Allendale, NJ). HMVEC and HAEC were cultured
as described [21] [22]. Human monocyte cells, THP-1 were purchased from ATCC
(Manassas, VA), and cultured as recommended. 293T and NIH/3T3 cells were cultured in
DMEM (Invitrogen) supplemented with 10% fetal bovine serum (FBS). Human aorta and
blood samples were collected from patients/donors following the guideline of using human
tissues approved by the committee of institutional review board (IRB) of the University of
Miami. Biopsies from different portions of aortas with and without atherosclerosis plaque
were obtained from human organ donors and operative cases in human subjects consented to
donate tissue for research under protocol IRB # 20080425. Murine aortas were harvested
from ApoE−/− mice fed with or without high-fat diet (TD.88137 Adjusted Calories Diet
(42% from fat) from Harlan, Tampa, FL) for 16 weeks and C57 BL6 mice (Charles River,
Wilmington, MA) which were euthanized in CO2 gas chamber. Animal experiments were
approved by the Institute Animal Care and Use Committee (IACUC# 09-074) of the
University of Miami.

Recombinant lentiviruses
Methods for generation of GFP/lenti (control) and NIC–GFP/lenti (Notch1 intracellular
domain) were described previously [23]. Production of pseudotyped lentivirus was achieved
by co-transfecting 293T cells with three plasmids as described [24]. The lentiviruses
collected 48 hours post-transfection displayed titers of around 107 transducing units/ml in
NIH/3T3 cells. To infect target cells by lentiviruses, cells were exposed six hours to virus
with MOI (multiplicity of infection) 5 in the presence of 4 μg/ml polybrene (Sigma–Aldrich,
St. Louis, MO). Cells were analyzed for protein expression by Immunoblot or pooled for
subsequent analysis as indicated in individual experiments.

ELISA
Concentration of IL-6 and IL-83 in the cell lysates and supernatant of cell cultures was
measured by ELISA as detailed in Supplemental Materials.

Immunoblotting and immunohistochemistry (IHC)
Immunoblotting and IHC were performed as previously described [21] [25]. See
Supplemental Materials for details.

Cell growth, senescence and telomerase assay
Cell growth of HAEC was determined by cell counting. 5 × 104 cells were plated in 6-well
plate and cultured in complete EGM2 medium. Cell number was counted every day for 4
days. EC senescence was detected using Senescence Cells Histochemical Staining Kit
(Sigma CS0030) and telomerase activity in cells were measured by TRAPeze® XL
Telomerase Detection Kit (S7707, Millipore, Billerica, MA), respectively, based on the
manufacturers’ protocols.

PCR-Array
The Human Notch Signaling Pathway RT² Profiler™ PCR Array quantitatively profiles the
expression of 84 genes involved in Notch signaling (# PAHS-059, SABiosciences). Total
RNA was extracted from cells using Trizol® (Invitrogen) and cDNA was synthesized using
RT² First Strand Kits (SABiosciences). PCR array was carried out according to the
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manufacturer’s protocol. The threshold cycle (Ct) values were used to plot a standard curve.
All samples were normalized to the relative levels of β-actin, and results are expressed as
fluorescence intensity in relative levels.

Protein Array
Protein Array analysis was employed to examine the expression of a panel of soluble factors
produced by HMVEC-NIC–GFP versus HMVEC-GFP cells. The culture supernatants from
equal numbers of HMVEC-NIC–GFP and HMVEC-GFP cells, which were cultured in basic
EGM-2 medium (serum-free and growth factor-free) for 12 hours, were collected and
subjected to TranSignal™ Human Cytokine Antibody 3.0 (Panomics, Fremont, CA)
analysis, which allows detection of 36 different proteins in total. The samples tested were
further normalized based on the total protein amount from cell lysates. Experiments were
repeated three times.

Transendothelial migration assay
The assay was conducted in transwell and see Supplemental Materials for details.

Statistical analysis
All data is expressed as mean ± SD. Statistical analysis was carried out using two-tails
Student's t-test. P-value ≤0.05 was considered to be statistically significant.

Results
The Notch pathway is activated in luminal EC at atherosclerotic sites of mouse and human
aortas

To explore the potential role of Notch signaling in atherosclerosis, we conducted IHC
analysis to examine the expression patterns of several Notch receptors, ligands and target
genes in atherosclerotic versus non-atherosclerotic sites from aortas of ApoE−/− mice fed
with high fat diet versus non-atherosclerotic aortas of ApoE−/− mice fed with low fat diet
and C57 BL6 mice (n=3/group). Expression of Notch1 (Figure 1A, 1C), Notch3, Jagged1
and DLL4 (Supplemental Figure 1–3) was significantly higher in atherosclerotic lesions of
aortas in ApoE−/− mice fed with high-fat diet compared to non-atherosclerotic sites of aortas
in ApoE−/− mice fed with low-fat diet. Consistently, levels of Hes1 were significantly higher
in atherosclerotic lesions compared to non-atherosclerotic aortas from control mice (Figure
1C and Supplemental Figure 4). Up-regulated expression of Hey1, an indication of Notch
pathway activation, was observed in luminal EC in aortic lesion of ApoE−/− mice fed with
high fat diet. The endothelial phenotype of these luminal cells was confirmed by IHC
showing positive staining with anti-VEGFR2 antibody (Figure 1B). IHC data for other
Notch pathway components were not shown due to the poor quality of antibodies for IHC.
These data suggested that the Notch pathway is activated in atherosclerotic lesions.

We also evaluated the expression patterns of several Notch pathway components in human
aortic biopsies obtained from 7 donors. The expression of Notch 4 was increased in
atherosclerotic lesions compared to non-atherosclerotic sites in all 7 human aortic biopsy
samples (Figure1C and Supplemental Figure 5). Notch 1 was also up-regulated in
atherosclerotic lesions compared to non-atherosclerotic sites (Supplemental Figure 6),
although Notch 4 levels changed most dramatically. Similarly, the expression of Notch
ligands, including Jagged2 and DLL3 (Supplemental Figure 7–8), and levels of Notch target
genes were also increased at atherosclerosis plaques. Hey1 (Supplemental Figure 9) and
Hes1 (Figure 1C and Supplemental Figure 10) expression were significantly higher in
atherosclerotic lesions compared to non-atherosclerotic sites. Hes1expression was detected
in luminal EC, vascular smooth cells and inflammatory cells at atherosclerotic sites. IHC
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data for other Notch pathway components were not shown due to the poor quality of
antibodies for IHC. Overall, results from the human and mouse aortic samples (Figure 1C)
suggest that the Notch pathway is activated in luminal EC of atherosclerotic lesions and
imply a potential involvement of the Notch signaling in atherosclerosis.

To further investigate the potential involvement of Notch in atherosclerosis, we conducted a
genetic association study by analysis of our existing SNP genotyping database established
by testing 1054 blood samples of patients with coronary artery disease (CAD). Genetic
association analysis detected, of 82 SNPs across 6 Notch pathway genes analyzed, 4 SNPs
with nominal association with CAD burden (Supplemental Table-1 and -2). It suggests that
Notch signaling may be linked to human CAD risk.

Activation of Notch1 signaling inhibits EC growth and induces EC senescence
To investigate the role of Notch signaling in EC biology, we tested the effect of enforced
activation of Notch1 signaling on HAEC proliferation (expression of NIC in NIC-GFP/
HAEC versus GFP/HAEC was shown in Insert of Figure 2A) and observed that Notch
activation resulted in significantly retarded cell growth and induced an enlarged, flattened
and dendritic senescent morphology (Figure 2A). We therefore studied whether Notch
pathway activation induces EC senescence. Human EC, including HMVEC and HAEC,
expressing the active form of Notch1 along with GFP (NIC-GFP/HMVEC and NIC-GFP/
HAEC) versus control cells (GFP/HMVEC and GFP/HAEC) were subjected to cell
senescence assay (a similar expression pattern of NIC in NIC-GFP/HMVEC versus GFP/
HMVEC as that of NIC-GFP/HAEC versus GFP/HAEC was observed (data not shown).
Notch activation resulted in EC senescence since more senescent (β-gal+) cells were
detectable from NIC-GFP/HMVEC and NIC-GFP/HAEC than GFP/HMVEC and GFP/
HAEC (Figure 2B). Notably, Notch activation induced more cell senescence in HAEC than
in HMVEC. To further investigate whether Notch-induced EC senescence is a telomere
shortening-induced replicative senescence, we examined telomerase activity in HMVEC. It
was found that NIC-GFP/HMVEC displayed significantly lower telomerase activity
compared to GFP/HMVEC (Figure 2C). Thus, these data demonstrate that activation of
Notch1 signaling causes EC dysfunction by inducing cell senescence.

Expression of HeyL, a Notch target gene, is elevated in aged versus young EC
The findings of the involvement of the Notch signaling in EC senescence led us to
investigate the potential correlation between the status of Notch signaling and EC aging.
Expression of 84 Notch pathway-related genes was examined quantitatively using RT2-
PCR-Array. HMVEC which are primary human cells usually become senescence around
passage # 15 under our culture condition. The young (passage # 5) and old (passage # 12)
HMVEC were compared. Total RNA was extracted and subjected to be tested using RT2-
PCR-Array. It was found that expression of HeyL gene was significantly higher in aged
versus young EC (Figure 3A). Due to the difficulty in getting high quality of RNA from
aged cells, many Notch pathway component genes were undetectable in high-passage aged
cells. Increased expression of HeyL protein in aged HMVEC was also confirmed by
immunoblot analysis (Figure 3B). These data indicate that the HeyL expression is correlated
with EC aging, and suggest a potential involvement of Notch pathway activation in this
dynamic process of aging-related cell senescence.

Activation of Notch1 signaling upregulates expression of pro-inflammatory cytokines/
chemokines and ICAM-1 in human EC

To test whether Notch activation participates in regulating cytokine production in EC, we
conducted a ProteinArray® analysis to examine the expression of a panel of cytokines by
NIC–GFP/HMVEC versus GFP/HMVEC. The culture supernatants from starved NIC–GFP/
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HMVEC and GFP/HMVEC, which were cultured in basal EGM2 medium (serum-free and
growth factor-free) for 12 hours, were collected and subjected to TranSignal™ Human
Cytokine Antibody Array 3.0 analyses, which allow detection of 36 different proteins. Of 36
proteins, levels of IL-6, IL-8, IL-1α, RANTES and cell adhesion molecule ICAM-1 were
up-regulated in microvascular EC (NIC–GFP/HMVEC compared to GFP/HMVEC, Figure
4A and Supplemental Table-3). Notably, these upregulated proteins are all inflammation-
related, suggesting that activation of Notch1 pathway results in the production of pro-
inflammatory factors in EC. Increased expression of IL-6, IL-8 in cell lysates of NIC–GFP/
HMVEC was confirmed by Quantikine Human IL-6 and IL-8 ELISA (RANTES and IL-1α
were undetectable by ELISA in HMVEC) (Figure 4B), and upregulated ICAM-1 was
validated by immunoblot (Figure 4C). Blockade of Notch signaling by dominant negative-
Mastermind-like-1 (DN-MAML-1) inhibited production of IL-6 and IL-8 (Figure 4B).
Notably, DN-MAML1 was able to reverse Notch signaling-up-regulated IL-6 and IL-8 to its
basal level (in the case of IL-6) or close to its basal level (in the case of IL-8), but unable to
bring about it below the basal levels, suggesting either that the basal level of IL-6 and IL-8
expression is not solely regulated by the Notch signaling in EC (if the DN-MAML1 could
completely block the Notch signaling), or that DN-MAML1 cannot completely block Notch
signaling. Significant upregulation of ICAM-1 in the cell lysates (Figure 4C) and IL-6, IL-8
and RANTES in the supernatants of cell cultures (Figure 4D) were also observed in aortic
EC (NIC–GFP/HAEC compared to GFP/HAEC). Increased levels of these pro-inflammatory
cytokines in HAEC were even higher than that in HMVEC. These data demonstrate that
Notch pathway activation up-regulates a panel of pro-inflammatory factors and adhesion
molecules in human EC, pointing to a potential involvement of the Notch signaling family in
vascular diseases characterized by inflammation such as atherosclerosis.

Notch1 induces increased monocyte transendothelial migration, mediated in part by IL-6
To test the hypothesized role of IL-6 in mediating monocyte transendothelial migration, we
examined the direct effect of γhIL-6 on THP-1 (a human monocytic leukaemia cell line with
capability to differentiate into macrophage-like cells) transendothelial migration in a
transwell system. HMVEC monolayers were cultured in the upper chamber of transwell
inserts. Application of γhIL-6 to the lower chamber efficiently facilitated monocyte
transendothelial migration compared to BSA control, confirming that IL-6 is a chemotaxin
for monocytes. Secondly, NIC–GFP/HMVEC and GFP/HMVEC were plated to form
monolayers on the lower chamber to test leukocyte transendothelial migration. Culture
supernatants from a separately cultured NIC–GFP/HMVEC and GFP/HMVEC were added
to the lower chamber of the transwells. Compared to GFP/HMVEC, NIC–GFP/HMVEC
monolayers resulted in significantly more monocytes transmigration from the upper
chamber, indicating that NIC–GFP/HMVEC are more “chemotactic” to monocytes. IL-6
appears to be partially responsible for this “chemotactic” effect of NIC–GFP/HMVEC, since
blockade of IL-6 by adding neutralizing antibody (2μg/ml) to the transwell was able to
partially inhibit, in a statistically significant extent, the Notch-induced monocyte
transendothelial migration (Figure 5). The inhibitory effect was antibody dosage-dependent,
suggesting that the inhibition is IL-6 specific. Overall, these results demonstrate that Notch
signaling-induced cytokines/chemokines, such as IL-6, in EC are responsible for mediating
monocyte transendothelial migration in vitro, thus increasing the evidence that Notch
activation induces an EC pro-inflammatory response.

Discussion
Our findings demonstrate that constitutive activation of Notch1 signaling induces EC
senescence. It is consistent with a previous report by Venkatesh et al [26]. Consistent with
those results, HeyL, a Notch down-stream target, is elevated in aged compared to young EC.
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Notch activation also triggers EC inflammatory response by up-regulating expression of a
panel of pro-inflammatory cytokines/chemokines and adhesion molecules in EC. These
findings unveil a novel function of Notch1 signaling in EC biology and may shed light on
the mechanism whereby Notch signaling may contribute to some age-related vascular
diseases characterized by chronic inflammation, such as human atherosclerosis. A strong
relevance of these in vitro biologic findings to the human atherosclerosis disease is highly
suggested by the data that some Notch receptors, ligands, and target genes are upregulated in
luminal EC at mouse and human aortic atherosclerosis plaque and by the genetic association
analysis which detected 4 SNPs in 6 tested Notch pathway genes that may confer CAD risk.

Notch signaling affects several biologic functions in vascular EC, including cell
proliferation, differentiation and apoptosis. Our previous studies revealed a role of Notch
signaling in inducing “differentiation-associated growth arrest” in HIAEC [21] under certain
specific experimental settings, for instance, using an in vitro angiogenesis model wherein
EC favor formation and stabilization of vascular networks in a given period of time. Our
new findings are concordant with previous observation and significantly expand our
understanding on the role of the Notch signaling in regulating EC biology and the functional
connection between Notch signaling and EC senescence. These findings suggest an
intriguing new concept that Notch signaling may be important in the pathogenesis of
common age-related vascular diseases such as atherosclerosis.

We observed that multiple Notch receptors, including Notch1, Notch3 and Notch4, are
upregulated in atherosclerotic lesions. It is unclear whether individual Notch members exert
distinct or identical functions. We focus on Notch1 signaling in the in vitro experiments and
our data provide proof-of-concept that Notch signaling carries a specific functional effect on
EC biology and potentially, on atherogenesis.

The observation that increased expression of Notch pathway components is a feature of
atherosclerotic plaques supports the notion that Notch-induced vascular inflammation is
more likely to be involved in the pathogenesis of atherogenesis. It does not, however,
exclude the possibility that Notch may participate in the recruitment of EPC for arterial
repair if it occurs during the early phase of vascular injury. CXCL12/SDF-1α and its
cognate receptor CXCR4 are known to be involved in EPC recruitment [27] [28] [29]. It
may be worthwhile to test whether Notch activation induces EC to express CXCL12/
SDF-1α and/or CXCR4, and more importantly, to characterize the biological significance of
Notch-induced vascular inflammation in arterial repair versus atherogenesis.

Activation of DLL4-Notch pathway in macrophages within atherosclerotic plaques has been
previously reported [19]. We also observed that expression of several Notch pathway
components were increased in luminal EC as well as vascular smooth cells (VSMC) and
inflammatory cells at atherosclerotic sites. Likely, there are crosstalk among EC, VSMC and
inflammatory cells. However, the specific functional significance of Notch activation in
different types of cells within atherosclerotic lesion is unknown. It is possible that all
contribute, through various mechanisms and their crosstalk, to atherogenesis. The effect of
GSI on reduction of atherosclerosis in ApoE−/− mice [20], may rely on suppression of pan-
Notch pathway and target multiple types of cells, including EC, smooth muscle cells and
inflammation cells, in the injured arteries.

In summary, our data demonstrate that Notch signaling is a control element of cell
senescence and inflammatory response in human EC. In consideration of the additional
findings that SNPs in six tested Notch pathway genes may confer CAD risk, that activation
of Notch signaling is observed in luminal EC at aortic lesions of atherosclerosis, and that
age-related chronic inflammation is a major risk factor in this type of vascular disorder, our
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study strongly implicates a functional involvement of the Notch signaling in atherosclerosis.
Further work is warranted to explore if a direct causal linkage exists between the Notch
signaling and development and progression of atherosclerosis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Notch pathway is activated in luminal EC at atherosclerotic plaques

• Notch pathway activation results in pro-inflammatory response and senescence
of luminal EC

• Notch signaling may be linked to human CAD risk

• Involvement of Notch signaling in atherosclerosis
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Figure 1.
Representative immunohistochemistry showing the upregulation of the Notch pathway
components in atherosclerotic sites of aortas. (A) Expression patterns of Notch 1 in
atherosclerotic versus non-atherosclerotic sites from aortas of ApoE−/− mice fed with high
fat diet respectively. (B) Endoluminal localization of the expression of Hey1 and VEGFR2
indicating a luminal EC intima layer that expresses Hey1 in aortic lesion of ApoE−/− mice
fed with high fat diet. (C) Relative expression of Notch 1 and Hes 1 in aortas of ApoE−/−

mice at endothelium of atherosclerotic versus non-atherosclerotic sites, and Notch 4, Hes 1
in patient aortas. Pixel intensity of brown IHC stained endothelium was calculated and
normalized by setting the value from non-atherosclerotic sites as “1”. Data are presented as
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mean ± SD of three independently stained IHC samples from individual donors or mice
(n=3/group). White column: plaque +; black column: plaque −.
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Figure 2.
Activation of Notch1 signaling Inhibits EC growth and induces EC senescence. (A)
Constitutive activation of Notch1 suppressed HAEC proliferation (top), and induced a
senescent morphology (bottom). Insert: expression of NIC in NIC-GFP/HAEC versus GFP/
HAEC. β-actin was used as loading control. (B) An increased number of senescent (β-gal+)
cells were detectable from NIC-GFP/HMVEC and NIC-GFP/HAEC versus GFP/HMVEC
and GFP/HAEC, respectively. Top: representative images. Bottom: percentage of senescent
(β-gal+) cells was shown. * p<0.05, ** p<0.0001. (C) Telomerase activity in NIC-GFP/
HMVEC versus GFP/HMVEC. Telomerase activity in control cells GFP/HMVEC was set
as “100%” for standardization. All data are presented as mean ± SD of three independently
performed experiments.
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Figure 3.
Elevated expression of Notch target gene, HeyL, in aged EC. (A) Expression of HeyL
mRNA was significantly higher in aged versus young HMVEC as measured by quantitative
PCRArray. Experiments were repeated for three times and data are presented as mean ± SD.
(B) Increased expression of HeyL protein in aged HMVEC was confirmed by immunoblot
analysis. β-actin was used as loading control. One representative result is shown.
Quantitative data was based on three experiments. Both PCRArray and immunoblot
experiments were repeated three times and reproducible, consistent patterns were observed.
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Figure 4.
Notch pathway activation induces expression of pro-inflammatory factors and ICAM-1 in
human EC. (A) ProteinArray analysis of 36 proteins induced by NIC-GFP/HMVEC versus
GFP/HMVEC. Notch activation upregulated expression of IL-6, IL-8, IL-1α, RANTES and
cell adhesion molecule ICAM-1. (B) Detection of IL-6 and IL-8 by ELISA. Cell lysates
from NIC-GFP/HMVEC versus GFP/HMVEC were normalized based on protein
quantization and tested by Quantikine® IL-6 or IL-8 assay kit. Data are presented as mean ±
SD of three independently performed experiments. Blockade of Notch signaling by DN-
MAML-1 reversed expression patterns of IL-6 and IL-8 in NIC-GFP/HMVEC. Cell lysates
from DN-MAML-1-NIC-GFP/HMVEC versus Mock-NIC-GFP/HMVEC were tested. IL-6
and IL-8 in Mock and DN-MAML1 are normalized to those in NIC-GFP/HMVEC. Lower:
confirmed expression of DN-MAML-1 in DN-MAML-1-NIC-GFP/HMVEC. (C) Increased
expression of ICAM-1 in NIC-GFP/HMVEC versus GFP/HMVEC and NIC-GFP/HAEC
versus GFP/HAEC was tested by immunoblotting assay. β-actin was used as loading
control. Quantitative data was based on results of three independently performed
experiments. (D) Detection of production of IL-6, IL-8, RANTES and IL-1α by NIC-GFP/
HAEC versus GFP/HAEC by Human Multi-Analyte Elisarray Kit. Supernatants from NIC-
GFP/HAEC versus GFP/HAEC were normalized by cell number. Data are presented as
mean ± SD of three independently performed experiments. IL-1α was undetectable.
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Figure 5.
Activation of Notch1-induces monocyte transendothelial migration in vitro, at least in part,
via IL-6. Activation of Notch1 pathway enhanced monocyte transendothelial migration.
More THP-1 cells passed through NIC-GFP/HMVEC versus GFP/HMVEC monolayers in
transwell. Blockade of IL-6 significantly inhibited active Notch1-induced monocyte
transendothelial migration, though not to baseline level. Numbers of THP-1 cells
transmigrated GFP/HMVEC monolayers were set as “100%” and those passed through NIC-
GFP/HMVEC monolayers were compared. Transmigrated THP-1 cells in isotype-matched
control Ab and anti-IL-6 blocking Ab treated wells were normalized with those in non-Ab
wells. Data are presented as mean ± SD of three independently performed experiments.
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