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this pathway by expressing dnStat3 in cardiomyocytes almost abolished
the protective effects of G-CSF on cardiac remodeling after myocardial
infarction. In addition, there was no difference in the effects of G-CSF
on mobilization and cardiac homing of bone marrow cells, expansion
of cardiac stem cells, and proliferation of cardiomyocytes between wild-
type and dnStat3-Tg mice. The beneficial effects of G-CSF and stem
cell factor on the infarcted heart has been described, but no evidence
indicating that G-CSF induced cardiac homing of bone marrow cells
in the infarcted heart has been shown'. In this study, we found favora-
ble effects of G-CSF on the infarcted heart as early as 1 week after the
treatment even though cardiac homing of bone marrow cells was not
increased. Thus, we conclude that increased cardiac homing of bone
marrow cells cannot account for improved function of the infareted
heart after G-CSF treatment.

The JAK-STAT pathway has been shown to induce various angio-
genic factors besides antiapoptotic proteins?®2l. The number of
endothelial cells in the border zone was increased by G-CSF through
Stat3 activation in cardiomyocytes. Consistent with this, we noted
that G-CSF induces cardiac expression of angiogenic factors in vitro
and in vivo, which appears to be mediated by cardiac Stat3 activation
(M.H.,Y.Q..HT,, TM. & LK., unpublished data). Moreover, we obser-
ved that the majority of apoptotic cells in the infarcted hearts was
endothelial cells and that endothelial apoptosis was significantly inhi-
bited by G-CSF treatment in wild-type mice but not in dnStat3-Tg
mice (Fig.4a and M.H., TM. & LK., unpublished data). Thus, activa-
tion of this pathway in cardiomyocytes by G-CSF may also promote
angiogenesis and protect against endothelial apoptosis by producing
angiogenic factors, resulting in the further prevention of cell death
of cardiomyocytes and cardiac remodeling after myocardial infarc-
tion, The results in this study provide new mechanistic insights of the
G-CSF therapy on infarcted hearts.

METHODS
For further details, please see Supplementary Methods online.

Cell culture. Cardiomyocytes prepared from ventricles of 1-d-old Wistar rats®?
were plated onto 60-mm plastic culture dishes at 2 concentration of 1 x16°
cells/em? and cultured in Dulbecco modified Eagle medium (DMEM) supple-
@mented with 109% fetal bovine serum (FBS) at 37 °C in a mixture of 95% air

and 5% CO;. The culture medium was changed to serum-free DMEM 24 h
before stimulation, Generation and infection of recombinant adenovirus were
performed as described?®,

Percoll enrichment of adult mouse cardiomyocytes and noacardiomyocytes.
Adult mouse cardioinyocytes were prepared from 10-week-old C57BL/6 male
mice according to the Alliance for Cellular Signaling protocal. We also prepared
cardiomyocytes and noncardiomyocytes from myocardial infarction-operated
or sham- operated C57BL/6 male mice. After digestion, cells were dissociated,
resuspended in differentiation medium and loaded ontoa discontinuous Percoll
gradient. Cardiomyocytes or noncardiomyocytes were separately collected as
described previously?® and subsequently washed with 1 X phosphate-buffered
saline for RT-PCR.

RNA extraction and RT-PCR analysis. Total RNA from adult mice cardiomyo-
cytes was isolated by the guanidinium thiocyanate-phenaol chloroform method.
Atotal of 4 ug RNA was transcribed with MMLY reverse transcriptase and ran-
dom hexaimers. The cDNA was amplified using a mouse Csf3r exon 15 forward
primer (5"-GTACTCTTGTCCACTACCTGT -37) and an exon 17 reverse primer
(5-CAAGATACAAGGACCCCCAA -3'), We performed PCR under the follow-
ing conditions: an initial denaturation at 94 °C for 2 min followed by a cycle of
denaturation at 94 °C for 1 min, annealing at 58 C for 1 min and extension at
72°C for | min. We subjected samples to 40 cycles followed by a final extension
2t 72 *C for 3 min. The products were analyzed on a 1.5% ethidium bromide
stained agarose gel.

Immunocytochemistry. Cardiomyocytes or noncardiomyocytes of neonatal
rats cultured on glass cover slips were incubated with or without the antibody
to G-CSFR (Santa Cruz Biotechnolegy) for 1 h, followed by incubation with
Cy3-labeled secondary antibodies, After washing, we double-stained the cells with
fluorescent phalloidin (Molecular Probes) for 1 h at room temperature.

Western blots. Western blot analysis was performed as described®. We probed the
membranes with antibodies to phospho-fak2, phospho-Stat3 (Cell Signaling),
phospho-Jakl, phospho-Tyk2, phospha-Statl, phospho-$tats, anti-Jakl, Jakz,
Tyk2. Statl, Stat3, Stat5, Bcl-2, Bax, G-CSFR (Santa Cruz Biotechnology),
Bcl-xL, Bad (Transduction Laboratories) or actin (Sigma-Aldrich). We used the
ECL system (Amersham Biosciences Corp) for detection.

Animals and surgical procedures. Generation and genotyping of dnStat3-Tg
mice have been previously described. All mice used in this study were 8-10-
week-old males, unless indicated. All experimental procedures were performed
accerding to the guidelines established by Chiba University for experiments in
animals and all protocols were approved by our institutional review board. We
anesthetized mice by intraperitoneally injecting a mixture of 100 mg/kg ketamine
and 5 mg/kg xylazine. Myocardial infarction was produced by ligation of the left
anterior descending artery. We operated on dnStat3-Tg mice to induce myocardial
infarction and randomly divided them into two groups, the G-CSE-treated group
(10-100 pg/kg/d subcutaneously for 5 d consecutively, Kyowa Hakko Kagyo Co.)
and the saline-treated group. We operated on nontransgenic mice as control
groups using the same procedures and divided them into a G-CS8F-treated group
and a saline-treated group. Some mice were randomly chosen to be analyzed
for initial area at risk by injection of Evans blue dye after producing myocardial
infarction. There was no difference in initial area sizes at risk between saline-
treated control and G-CSP-treated mice {n = 5; Supplementary Fig. 11 online).
We also determined initial infarct size by triphenyltetrazolium chloride staining
on day 3. There wes no significant difference in initial infarct size between saline-
treated control and G-CSF-treated mice (n = 5; Supplementary Fig. 12 online).

Echocardiography and catheterization. Transthoracic echocardiography was
performed with an Agilent Sonos 4500 {Agilent Technology Co.) provided with
an 11-MHz imaging transducer. For catheterization analysis, the right carotid
artery was cannulated under anesthesia by the micro pressure transducers with
an outer diameter of 042 mm {Samba 3000; $amba Sensors AB}, which wasthen
advanced into the left ventricle. Pressure signals were recorded using a MacLab
3.6/s data acquisition system (AD Instruments) with a ssmpling rate of 2,000 Hz.
Mice were anesthetized as described above, and heart rate was kept at approxi-
mately 270-300 beats per minute to minimize data deviation when we measured
cardiac function.

Histology. Hearts fixed in 10% formalin were embedded it paraffin, sectioned
at 4 um thickness, and stained with Masson trichrome. The extent of fibrosis
was measured in three sections from each heartand the value was expressed as
the ratio of Masson trichrome stained area to total left ventricular free wall, For
apoptosis analysis, infarcted hearts were frozen in cryomolds, sectioned, and
TUNEL labeling was performed according to the manufacturer’s protocol (In
Situ Apoptosis Detection kit: Takara} in combination with immunostainings for
appropriate cell markers. Digital photographs were taken at magnification x400,
and 25 random high-power fields (HPF) from each heart sample were chosen
and quantified in a blinded manner. We examined vascularization by measuring
the number of capillary endothelial cells in light-microscopic sections taken
from the border zone of the hearts 2 weeks after myocardial infarction. Capillary
endothelial cells were identified by immunohistochemical staining with anti-
body to platelet endothelial cell adhesion molecule (PECAM; Pharmingen). Ten
random microscopic fields in the border zone were examined and the number
of endothelial cells was expressed as the number of PECAM-positive cells/HPE
(magnification, X400).

Statistical analysis. Data are shown as mean + s.e.m. Multiple group compari-
son was performed by one-way analysis of variance (ANOVA) followed by the
Bonferroni procedure for comparison of means. Comparison between two groups
were analyzed by the two-tailed Student’s #-test or two-way ANOVA. Values of
P <0.05 were considered statistically significant.
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Note: Supplementary information is available on the Nature Medicine website,
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Abstract

The T cell cytokines profoundly modify the phenotypic and functional characteristics of keratinocytes. Until now, no study has
focused on the effect of Thl and Th2 cytokines on keratinocyte permeability. Using a two-layer well culturing system, permeability
was assessed through cultured keratinocyte sheet in the presence or absence of various concentrations of IFN-y and IL-4.
Transepithelial electrical resistance (TER) and the flux of 40 kDa FITC-dextrans were measured across the cultured keratinocyte
sheet. IFN-y significantly increased the TER in a dose- and time-dependent manner, suggesting that IFN-y profoundly inhibited the
permeability of ions through the keratinocyte sheet. In contrast, IL-4 did not affect the TER. When compared to medium control,
the flux of FITC-dextran of the IFN-y group was sighificantly decreased in a dose-dependent fashion. In sharp contrast, the flux of
FITC-dextran was significantly and dose-dependently increased in the presence of IL-4. A significant increase in TER and
a significant decrease in the flux of dextran suggested that IFN-y clearly reduced the permeability of both ions and high molecular
weight material through the keratinocyte sheet. Although IL-4 did not affect the permeability of the ions, it significantly enhanced
the permeability of high molecular weight material. A flow cytometric assay revealed that the expression of desmoglein-3 was
suppressed by IL-4, but was enhanced by IFN-y. The reciprocal regulation of permeability of the cultured keratinocyte sheet by
IFN-y and IL-4 may be partly related to the modification of intercellular adhesion molecules.
© 2004 Elsevier Ltd. All rights reserved.

Keywords: Keratinocyte; Permeability; IFN-y; IL-4

1. Introduction

Epidermis, a squamous epithelium of the skin, serves
as the outermost barrier of the body, separating it from
the surrounding environment and preventing the loss of
body fluids and proteins. Very frequently, immunolog-
ical and inflammatory processes result in skin damage in
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eczematous disorders such as contact dermatitis and
atopic dermatitis [1,2). Eczema is an orchestrated
cellular response conducted by various immunocompe-
tent cells, including Thl and the Th2 cells, that produce
large amounts of cytokines such as [FN-v and IL-4,
respectively [3,4]. One of the characteristic manifesta-
tions of eczema is serous papules with spongiosis and
oozing, which may result from an increased permeability
of body fluids into the epidermal compartment.
Previous studies have shown that T cell cytokines
profoundly modify the phenotypic and functional
characteristics of keratinocytes [5,6]. However, there
have been no reports investigating the effect of Thl and



J. Kobayashi et al. | Cytokine 28 {2004) 186—189 187

Th2 cytokines on the permeability of keratinocytes. We
recently demonstrated that IL-4 down-regulated the cell
surface expression of an adhesion molecule, E-cadherin,
whereas IFN-y up-regulated its expression [7]. This
finding suggested that IL-4 and IFN-y may modify the
permeability of keratinocyte. In the present study, we
examined the effects of IFN-y and IL-4 on the trans-
epithelial electrical resistance (TER) and the flux of
40 kDa FITC-dextrans across a cultured keratinocyte
sheet.

2. Results

2.1. IFN-v increased the TER of the keratinocyte
sheet

We first examined the effects of IFN-y and IL-4 on
the TER of the keratinocyte sheet. The TER values
represent the permeability of water-soluble ions. IFN-y
significantly increased the electrical resistance in a dose-
and time-dependent manner (Fig. 1). In particular, the
values of TER after treating the cultured sheet with
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Fig. 1. The TER was measured across the confluent HaCaT
keratinocyte sheet every second day using a Millicell-ERS epithelial
voltohmmeter. IFN-y significantly increased the TER in a dose- and
time-dependent manner. In contrast, IL-4 did not affect the TER. The
values indicated are means ¥ SD (n = 4). *p < 0.0} compared with
the control.

2 ng/ml of IFN-y were approximately three times higher
than those of the medium control, suggesting that IFN-
v profoundly inhibited the permeability of ions through
the keratinocyte sheet. In contrast, IL-4 did not affect
the TER (Fig. 1).

2.2. Down-regulation of the flux of FITC-dextran
through the keratinocyte sheet by IFN-vy
and its up-regulation by IL-4

Next, we examined whether IFN-y or IL-4 may
modify the permeability of high molecular weight
material through the keratinocyte sheet using 40 kDa
FITC-dextran. As shown in Fig. 2, IFN-y significantly
decreased the flux of FITC-dextran in a dose-dependent
fashion compared to the medium control (81.3%
inhibition at 2 ng/ml of IFN-v). In sharp contrast, [L-
4 dose-dependently up-regulated the flux of FITC-
dextran (92.3% up-regulation at 2 ng/ml of IL-4).

2.3. Desmoglein-3 expression was up-regulated by
IFN-y, but was down-regulated by IL-4

Desmoglein-3 is one of the major intercellular
adhesion molecules between keratinocytes. Therefore,
we investigated whether the expression of desmoglein-3
is modulated by IL-4 or IFN-y. The expression of
desmoglein-3 was dramatically up-regulated by IFN-y
and was down-regulated by IL-4 (Fig. 3).

a IFN-y treatment
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0.2 ng/ml
2 ng/ml
20 ng/ml
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Em 520
b IL-4 treatment
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0.002 ng/ml
0.02 ng/ml

*
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° 100 200 300 400 3500
Em 520

Fig. 2. The flux of 40 kDa FITC-dextrans was measured using
a fluorometer (excitation, 492 nm; emission, 520 nm). IFN-y dose-
dependently inhibited the permeability of FITC-dextran, whereas 1L-4
enhanced its permeability. The values indicated are means + SD
(n = 4). *p < 0.01 compared to the control.
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3. Discussion

TER and the flux assay have been demonstrated to be
a suitable in vitro models to determine the permeability
of water-soluble ions and solutes containing various
molecular weight materials, respectively [8.9]. FITC-
labeled dextrans with a molecular weight of 40 kDa,
which are similar in molecular weight to plasma
albumin, were utilized in the flux assay as a tracer. In
this study, we demonstrated a significant increase in
TER and a significant decrease in the flux of dextran by
IFN-y, suggesting that IFN-y may reduce the perme-
ability of both ions and high molecular weight material
through the keratinocyte sheet. In contrast, IL-4
significantly enhanced the permeability of dextran, We
did not detect an effect of IL-4 on the TER of the
keratinocyte sheet. Interestingly, Ahdich et al. recently
investigated the permeability of cultured lung epithelial
cells and found that IL-4 treatment resulted in
a 70-75% increase in permeability, as assessed by
electrophysiological and mannitol flux measurements.
In contrast, IFN-y markedly reduced the permeability
[10]. However, the means that IFN-y and IL-4 modify
the permeability are unknown.

Ye et al. have reported that the expression of IL-1
and its receptor plays a pivotal role in permeability
homeostasis in the epidermis [2]. IFN-y and IL-4 may

Expression of desmoglein-3
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Fig. 3. Keratinocytes were cultured with IFN-y (50 ng/ml), IL-4 (5 ng/
ml) or medium alone for 48 h and the expression of desmoglein-3 was
analyzed by flow cytometry. IFN-y augmented the expression of
desmoglein-3, while IL-4 decreased its expression,

alter the IL-1/IL-1 receptor signaling system. In fact,
IFN-y augments [L-1 production [11]. The expression of
adhesion molecules may be related to the permeability
of keratinocytes. Trautmann et al. demonstrated a re-
duced expression of E-cadherin in areas of spongiosis in
acute eczematous dermatitis. They also showed that the
induction of keratinocyte apoptosis is accompanied by
a rapid cleavage of E-cadherin [12]. Recently, we found
that IL-4 down-regulated the cell surface expression of
E-cadherin, whereas IFN-y up-regulated its expression
[7]. In the present study, we showed that the expression
of desmoglein-3 was also enhanced by IFN-y but was
inhibited by IL-4. The modification of these intercellular
adhesion molecules occurred earlier than the permeabil-
ity change and required higher concentrations of
cytokines, however, it may be partly responsible for
the permeability of keratinocytes.

4. Material and methods
4.1. Cell culture

HaCaT keratinocytes (a kind gift from Dr. N.E,
Fusening in Heidelberg) were maintained in Dulbecco’s
modified Eagle medium (DMEM) supplemented with
10% fetal bovine serum (FBS), 100 IU/m! penicillin, and
100 pg/ml streptomycin (GIBCO BRL, Rockville, MD/
USA). Using a two-layer well culturing system, cells
were plated at a confluent density, at about
3 X 10° cells/cm?, on 12-mm membrane culture inserts
(0.6 cm?; Millipore Corp., Bedford, MA/USA) in a 24-
well plate. After an overnight incubation for cell
attachment, we added various concentrations of IFN-y
(0.02-20ng /ml) or IL-4 (0.002—20 ng/ml) into the
outer layer culture medium, and further cultured the
cells for up to 6 days. Assays for the permeability of
keratinocyte sheets were performed as described below.

4.2. Measurement of the TER

The TER was measured using a Millicel-ERS
epithelial voltohmmeter (Millipore), as described pre-
viously [13]. The TER wvalues were calculated by
subtracting the contribution of the bare filter and
medium and multiplying by the surface area of the
filter. The TER represents the transepithelial permeabil-
ity of the water-soluble ions. A higher value of TER
means a lower permeability of ions. These data were
analyzed using the Student’s 7 test. A p value of less than
0.01 was considered to be statistically significant. The
experiment was repeated at least three times in
quadruplicate.
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4.3. Measurement of flux of FITC-dextran

The cells were cultured at confluence with or without
various concentrations of [IFN-y or [L-4 for 6 days on
culture insert. The flux was measured as described
previously [13]. In brief, the culture medium was
replaced with P buffer (10 mM Hepes, pH 7.4, 1 mM
sodium pyruvate, 10mM glucose, 3mM CaCl,,
145 mM NaCl), and ! mg/ml FITC-dextran (40 kDa:
Sigma, St. Louis, MO/USA) was added to the outer
wells. At 120 min after the addition of FITC-dextran
into the outer chambers, the media from the inner wells
were collected, and the flux of FITC-dextran was
measured with a fluorometer RF-1500 (Shimadzu,
Tokye, Japan). The flux of FITC-dextran represents
the permeability of the solutes with high molecular
weight material beyond the keratinocyte sheet. These
data were analyzed using the Student’s  test. A p value
of less than 0.01 was considered to be statistically
significant. The experiment was repeated at lcast three
times in quadruplicate.

4.4. Flow cytometry

The HaCaT keratinocytes were cultured in the
presence or absence of IL-4 (5 ng/ml) or IFN-y 50 ng/
ml) for 48 h. Cells were detached from the plates using
trypsine—EDTA and were incubated with mouse anti-
desmoglein-3 antibody (Zymed, San Francisco, Califor-
nia, USA) or isotype-matched control antibody (Zymed)
for 30min on ice. After washing, the cells were
incubated with FITC-conjugated goat anti-mouse IgG
antibody (Molecular Probes, Eugene, OR). The stained
cells were analyzed by flow cytometry (EPIX-XL,
Coulter, Fullerton, CA).
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Activation and dysfunction of the endothelium under-
lie many vascular disorders including atherosclerosis,
tumor growth, and inflammation. Endothelial cell acti-
vation is mediated by many different extra-cellular sig-
nals, which result in overlapping yet distinct patterns of
gene expression. Here we show, in DNA microarray
analyses, that vascular endothelial growth factor
(VEGF) and thrombin result in dramatic and rapid up-
regulation of Down syndrome critical region (DSCR)-1
gene encoding exons 4-7, a negative feedback regulator
of calcium-calcineurin-NF-AT signaling. VEGF- and
thrombin-mediated induction of DSCR-1 involves the
cooperative binding of NF-AT¢ and GATA-2/3 to neigh-
boring consensus motifs in the upstream promoter.
Constitutive expression of DSCR-1 in endothelial cells
markedly impaired NF-ATec nuclear localization, prolif-
eration, and tube formation. Under in vivo conditions,
overexpression of DSCR-1 reduced vascular density in
matrigel plugs and melanoma tumor growth in mice.
Taken together, these findings support a model in which
VEGF- and thrombin-mediated induction of endothelial
cell proliferation triggers a negative feedback loop con-
sisting of DSCR-1 gene induction and secondary inhibi-
tion of NF-AT signaling. As a natural brake in the angio-
genic process, this negative pathway may lend itself to
therapeutic manipulation in pathological states.

The endothelium is highly malleable cell layer, constantly
responding to changes within the extracellular environment
and responding in ways that are usually beneficial, but at
times harmful, to the organism. Several mediators, including
growth factors feg. wvascular endothelial growth factor
(VEGF)'), cytokines (e.g. tumor necrosis factor-a (TNF-)), and
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serine proteases {e.g. thrombin), activate gene transeription in
endothelial cells, resulting in changes in hemostatic balance,
increased leukocyte adhesion, loss of barrier function, in-
creased permeability, migration, proliferation, and successive
angiogenesis. The tight control of these processes is essential
for homeostasis; endothelial cell activation, if excessive, sus-
tained, or spatially and temporally misplaced, may result in
vasculopathic disease. Under normal conditions, the activation
signal may be terminated by negative feedback inhibition of
downstream transcriptional networks, Such a mechanism has
been well established for TNF-a (1-4). In contrast, little is
known about the major self-regulatory processes involved in
VEGF and thrombin signaling.

VEGFT is an endothelial cell-specific mitogen, and chemotac-
tic agent, which is involved in wound repair, angiogenesis of
ischemic tissue, tumor growth, microvascular permeability, he-
mostasis, and endothelial cell survival (5, 6). VEGF binds to
two receptor-type tyrosine kinases, Flt-1 and Flk-1/KDR (7, 8).
A third receptor, neuropilin, has been identified, but its role in
VEGF signaling has not been fully elucidated (9). The VEGF
receptors have been shown to activate a number of different
intracellular signaling pathways, including PKC (10), PI3K
and Akt/PKB (11), MEK1/2 (12), p38 MAPK (13), and phospho-
lipase C (14).

Thrombin is a multifunctional serine protease that is in-
volved not only in mediating the cleavage of fibrinogen to fibrin
in the coagulation cascade but also in activating a variety of cell
types, including platelets and endothelial cells. Thrombin sig-
naling in the endothelium may result in a multitude of pheno-
typic changes, including alterations in cell shape, permeabil-
ity, vasomotor tone, leukoeyte trafficking, migration, DNA
synthesis, angiogenesis, and hemostasis {(15). Thrombin sig-
naling in the endothelium is mediated by a family of seven-
transmembrane G-protein-coupled receptors, termed prote-
ase activated receptors (PAR) (16). Currently, four members
of the PAR family have been identified (PAR-1 to PAR-4). Of
the various PAR family members, PAR-1 is the predominant
thrombin receptor in endothelial cells (17). Once activated,
PAR-1 is linked to a number of signal intermediates that
include, but are not limited to, MAPK, protein kinase C,
PI3K, and Akt (15, 18).

tol 3-kinase; HUVEC, human umbilical vein endothelial cells; TRAP,
thrombin receptor activation peptide: PIGF, placenta growth factor;
EGM, endothelial growth medium; Ad, adenovirus; EMSA, electro-
phoretic mobility shift agsay; FACS, fluorescence-activated cell sorter;
PBS, phosphate-buffered saline; CsA, cyclosporine A; EGFP, enhanced
green fluorescent protein; GAPDH, glyceraidehyde-3-phosphate dehy-
drogenase; RT, reverse transcription; IRES, internal ribosome entry.
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Fic. 1. DSCR-1 is the most highly induced early response gene in VEGF- and thrombin-treated HUVEC. A, cluster analysis of early
response genes (1 h), B, the average fold induction of the five most highly induced genes in VEGF-, thrombin-, and TNF-a-treated HUVEC,

Given the overlapping functions of VEGF and thrombin both
in terms of signaling pathways activated and phenotypic re-
sponse, we hypothesized that these two mediators are likely to
trigger common transcriptional networks in the endothelium.
To identify such factors, we compared DNA microarray analy-
ses of VEGF and thrombin-treated human umbilical vein en-
dothelial eells (HUVEC). We found that under both conditions,
the most highly induced gene was DSCR-1. The DSCR-1 gene
(also known as MCIP-1), designated as such because it resides

— 70_.

within the Down syndrome critical region of human chromo-
some 21, encodes a protein that binds to and inhibits the
catalytic subunit of caleineurin (19). In this report, we show
that DSCR-1 acts as a “circuit breaker” in VEGF and thrombin
signaling, serving in a negative feedback loop to inhibit endo-
thelial cell proliferation and activation as well as angiogenesis.
These results provide new insights into endothelial cell signal-
ing and point to DSCR-1 as a potential therapeutic target for
anti-angiogenesis and anti-inflammatory therapy.
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Fic. 2. DSCR-1 isoform consisting of exons 4-7 was selectively induced with VEGF and thrombin treatments in primary human
endothelial cells. A, schematic representation of the human DSCR-1 gene. The mRNA consists of four alternative firat exons (boxes I1-4) followed
by three common exens (boxes 5-7). The broken line indicates the putative splicing isoforms. Shown are the two major DSCR-1 isoforms, DSCR-1
(exon 4-7) and DSCR-1 (exon 1567). B, schematic representation of the riboprobe used to distinguish the two DSCR-1 isoforms in RNase protection
assays. The bold line indicates the protected fragment and the broken line the RNase-digested region. C, RNase protection assays were performed
with [a-**P]UTP-labeled 361-bp riboprobe &s shown in B and either 10 pg of yeast RNA (lane 2), 10 ug of total RNA from control (lane 3),
VEGF-treated (lanes 4-6), thrombin-treated ({anes 7-9), or TNF-a-treated (lanes 10-12) HUVEC. The arrow indicates the protected fragment (280
bp) from the DSCR-1 (exon 4-T) {scform; the asterisk indicates the expected length (130 bp) from the DSCR-1 (exon 1567) isoform. An
le-"?P]UTP-1abeled human GAPDH riboprobe was hybridized with total RNA as an internal control, D, RT-PCR was performed with either DSCR-1
(exons 4~7) or DSCR-1 (exon 1567) isoform-specific primers, using RNA from control () and thrembin-, VEGF-, or TNF-a-treated HUVEC and
21- or 40-cycle amplification. GAPDH-specific primers were included as an internal control.

EXPERIMENTAL PROCEDURES

Materials and Cell Culture—VEGF and TNF-a were obtained from
Peprotec {Rocky Hill, NJ). Human thrombin, cyclosporine A, and
SU1498 were obtained from Calbiochem, Hirudin and thrombin recep-
tor activation peptide (TRAP; SFLLRNPNDKYEPF) were from Wako
chemicals (Osaka, Japan). Human placenta growth factorPIGF) was
from R&D Systems (Minneapolis, MN), HUVEC were grown in endo-
thelial growth medium-2-MV (EGM-2-MV) BulletKit (Clonetics, San
Diego, CA). HUVEC were used within the first eight passages. Mouse
B16-melanoma cells (JCRB-0202) were grown in Dulbecco’s madified
Fagle’s medium plus 10% fetal bovine serum.

Microarray Analysis—HUVEC were serum-starved overnight in me-
dium containing EGM-2 and 0.5% fetal bovine serum and then treated
with 50 ng/ml VEGF or 1,5 units/ml thrombin. RNA was harvested and
purified with Trizol according to manufacturer's protocol (Invitrogen).
Preparation of cRNA and hybridization of probe arrays were performed
according to the protocols of the manufacturer (Affimetrix, Santa Clara,
CA).

RNuase Protection Assays and Reverse Transcription-PCR (RT-PCR)—
HUVEC were serum-starved in EBM-2 medium containing 0.5% fetal
bovine serum. 18 h later, HUVEC were pretreated for 30 min with
cyclosporin A or SU1498 at the doses indicated or infected with adeno-
virus at multiplicity of infection = 40 and then incubated in the absence
or presence of either 50 ng/ml VEGF, 1.5 units/mi thrombin, 10 ng/ml
TNF-a, or 50-200 ng/ml PIGF. RNase protection assays were per-
formed with a RPA III kit (Ambion) according to the manufacturer’s
instructions. For RT-PCR, a Superseript First-strand synthesis kit (In-
vitrogen) was used with 5 pg of total RNA. Forward and reverse prim-
ers and amplification cycles as follows: Tissue factor (22 cycles), 5°-T-
CAGAGTTTTGAACAGGTGGGAACA-3’ (forward) and 5-TTCTCCTG-

GCCCATACACTCTACCG-3’' {reverse), E-selectin (22 cycles), 5'-CAT-
GTGGAGCCACAGGACACTGGTCTG-3 {forward) and 5'-TCTGATTC-
AAGGCTTTGGCAGCTGCTG-3' (reverse); angiopoietin-2 {20 cycles),
5"-ACAAATGTATTTGCAAATGTTCACAAA-3' (forward) and 5'-GAA-
ATCTGCTGGTCGGATCATCATGGT-3' (reverse); PIGF (20 cycles), 5'-
CCGGTCATGAGGCTGTTCCCTTGC-3' (forward) and 5'-CTCGCTGG-
GGTACTCGGACACGAC-3’ (reverse); P27 (26 cycles), 5'-CGCAGGAA-
TAAGGAAGCGACCTGC-3’ (forward) and 5-CGTTTGACGTCTTCTG-
AGGCCAGGCTT-3' (reverse); P21 (18 cycles), 5'-AGCAAGGCCTGCC-
GCCGCCTLTTC-3' (forward) and 5’ -TGACAGGTCCACATGGTCTTC-
CTC-3' (reverse); ADAMTS1 (20 cycles), 5-AGCTTTCTTGCCATCAA-
AGCTGCT-3' (forward) and 5°-A ACCTGGATGGTCAAGGGCTCTT-
T-3' (reverse); interleukin-8 {23 cycles), 5'-TGTCAGTGCATAAAGAC-
ATACTCCA-3' (forward) and 5'-CTTCTCCACAACCCTCTGCACCCA-
G-3' (reverse); ICAM-1 (23 cycles), 5'-GTGCAAGAAGATAGCCAACC-
AATG-3' (forward) and 5-AGGAGTCGTTGCCATAGGTGACTG-3' (re-
verse); cyclophilin A (23 cycles), 5'-TTCGTGCTCTGAGCACTGGAG-
A-3" (forward) and 5'-GGACCCGTATGCTTTAGGATGAAG-3
(reverse).

Transfections and Analysis of Luciferase Activity—HUVEC were
transfected using FuGENE 6 reagent (Roche Applied Science} as de-
scribed previously (20). The serum-starved transfected cells were pre-
incubated for 30 min with 1 pM cyclosporine A and then incubated with
50 ng/m]l VEGF or 1.5 units/m] thrombin for 6 h.

Electrophoretic Mobility Shift Assays (EMSAs)—Nuclear extracts pu-
rification and EMSAs were prepared as described previously (21). To
test the effect of antibodies on DNA-protein binding, nuclear extracts
were preincubated with antibodies of NF-AT¢, NF-ATp (Affinity Bio-
Reagents, Golden, CO), GATA-2, -3, or -6 (Perseus Proteomics, Tokye,
Japan) for 30 min at room temperature.
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Fic. 3. VEGF-Fik-I/KDR- and thrombin-PAR1-mediated up-regulation of DSCR-1 mRNA. A, RT-PCR of DSCR-1 in HUVEC treated with
50 ng/ml PIGF (lane 2), 200 ng/ml PIGF (lane 3), pretreated with 5 um SU1498 (lane 5), 20 um SU1498 (lane 6), and treated in the absence (-) or
presence (+) of 50 ng/ml VEGF for 1 h. Cyclophilin A-specific primers were added as ar internal control. B, immunoprecipitation assays were
performed in HUVEC treated with 100 ng/ml PIGF for 0, 5, 15, and 30 min. Total HUVEC lysates were subjected to immunoprecipitation (IP) using
anti-Flt-1 antibody, then immuncblotted (IB) with anti-phosphotyrosine antiboby (pTyr). The same blots were stripped and reprobed with
anti-Flt-1 antibody (Fit-1). IgG is shown as a loading control, C, RNase protection assays were performed with either no RNA (lane 1, Probe), 10
pg of yeast RNA (lane 3), or 10 pg of total RNA from control HUVEC (lare 4), thrombin-treated HUVEC pretreated in the absence (lare 5) or
presence of 0.5 and 5 units of hirudin (lanes 6 and 7, respectively) or HUVEC treated with 10 or 50 pmol of TRAP (Janes 8 and 9, respectively).
Human GAPDH was used as an internal control. D, quantification of RNase protection assays. Densitometry was used to calculate the ratio of
DSCR-1 and GAPDH signals (arbitrary relative expression level). Mean and S.D. values were derived from three independent experiments.

FACS Analysis—Ad-DSCR-1-, Ad-Control-, or Ad-DSCR-1 plus Ad-CA-
NFAT-infected HUVEC were scraped, spun down for 5 min at 100 X g,
re-suspended in PBS containing with 0.2% Triton X, and stained in 25
pg/ml propidium iodide and 50 ng/ml RNase A. Cells were counted on a
FACS Calibur using CellQuest software (BD Biosciences), and the per-
centages of cells in the G, 8, and G,/M phases of the cell cycle were
determined using ModFit LT software (Verity Software House, Topsham,
ME).

Immunolocalization Studies—HUVEC were plated onto glass coverslips
(Matsunami Glass, Osaka, Japan) in a 6-well plate at a density of 25,000

cella/slide. The cells were treated in the presence or absence of 1 unit/ml
thrombin or 50 ng/ml VEGF for 1 h, fixed in ice-cold 3.7% paraformaldehyde
for 10 min, washed with PBS, and subsequently incubated with primary
anti-NF-ATc antibody (Affinity BioReagents). Following extensive washes
in PBS, the cells were incubated with an Alexa-Fluor 594-labeled secondary
antibody (Molecular Probes, Eugene, OR) for 1 h. The slides were then
washed in PBS, meunted in Crystal/Mount (Biomeda, Foster City, CA) with
Hoechst (Sigma) for identification of nuclear localization, and examined by
fluorescence microscopy. The degree of nuclear localization was quantified
with NIH image.
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| DSCR-1 (-750/483)
uc A-353 NF-AT-uc




50542

DSCR-1 Auto-inhibits Thrombin and VEGF Signaling

Relative promoter activity

0 1 2 3 4
1 1 i J

VEGF

DSCR-1 {-1664/483) -lug
Thrombin
- —
TNF-a
+ CsA
D Relative promoter sctivity

] 100 200 300 400

DSCR-1 (-1664/483} -luc

DSCR-1 (-750/+83) -luc

DSCR-1 (-350/483) -luc

DSCR-1 (-166/+83) -luc

T -fue

FIG. 4~—continued

Tube Formation Assays—400-ul aliquots of type-I collagen gel (Ko-
ken, Tokyo, Japan) containing EGM-2-MV medium without basic
fibroblast growth factor were used as described previously (22).
Briefly, HUVEC infected with Ad-Control or Ad-DSCR-1 were seedad
at 1 % 10" cells/well and incubated for 24 h in 5% CO,. The medium
was removed, and HUVEC were covered with 400 pul of the gel. Cells
were incubated with 1 ml of EGM-2-MV medium in the absence of
basic fibroblast growth factor. Two days later, a branched capillary

network was visualized under a microscope. Images from at least
three different areas in each well were captured by a digital camera
under a microscope.

Matrigel Plug Assays—Matrigel (BD Biosciences) containing 50 ng
of VEGF and either 10° plaque-forming units of Ad-Control, Ad-
DSCR-1, or Ad-DSCR-1 plus Ad-CA-NFAT was injected subcutane-
ously into C57BL6 mice. After 14 days, matrigel plugs were removed
for histological sections. Alternatively, the matrigel plugs were
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Fic. 5. VEGF and thrombin response element on the DSCR-1 binds NF-AT¢ and NF-Atp and GATA-2 and -3. A, schematic represen-
tation of the probe sequences used in EMSA. The consensus NF-AT and GATA motifs are underlined. The mutated bases are represented by
asterisks. B, EMSAs were performed with *P-labeled WT probe and nuclear extract from untreated HUVEC (- treatment) {anes 2 and 3) or
HUVEC treated with 50 ng/m}] VEGF (lanes 4 and 5), 1.5 units/ml thrombin (lanes 6 and 7), or 10 ng/m! TNF-a (/anes 8 and 9), in the absence (-}
or presence (+) of 1 uM CsA. The arrow indicates the CsA-sensitive DNA-protein complexes. C and D, nuclear extracts from untreated Uane 2) and
VEGF (C)- or thrombin (D)-treated HUVEC were incubated in the absence {!anes 2 and 3} or presence of antibodies against NF-ATc (lane 4),
NF-ATp (lane 5), GATA-2 (lane 6), or GATA-3 (D, lane 7). The asterisks indicate the supershifted complex. The hatched rectangles indicate the
inhibited complex. E, EMSAs were performed with **P-labeled NF-AT mutant probe in the absence (lane 1) or presence of nuclear extracts from
VEGF-treated HUVEQ, incubated without (lane 2) or with 100-fold molar excess of unlabeled NF-AT mutant (lane 3, self) GATA mutant {lare 4,
muf) or antibodies against GATA-6 (lane 5), GATA-3 (lane 6), or GATA-2 (lane 7). F, EMSAs were performed with *P.labeled GATA mutant probe
in the ahsence (lane 1) or presence of nuclear extracts from VEGF-treated HUVEC incubated without (Jane 2) or with 100-fold molar excess of
unlabeled GATA mutant (lane 3, self), NF-AT mutant (lane 4, mut) or antibodies against NF-ATc (lane 5) or NF-ATp (lane 6). The asterisk irdicates
the supershifted complex.

weighed and homogenized at 4 °C. The hemoglobin content was as-  trol. Tumor volume {mm® was determined using length X width X
payed with a Drabkin’s reagent kit 525 (Sigma) according to the height x 0.52 after caliper measurement.
manufacturer's protocol.
Solid Tumor Model—1 % 10° logarithmically growing B16-melanoma RESULTS
cells were implanted subcutaneously into the right hind flank of . .
C57BL6 mice. When the tumor reached about 50 mm? in volume, it was DSCR-I Is the Most Highly Induced Gene in VEGF. and

injected with 5 X 10” plaque-forming units of Ad-DSCR-1 or Ad-Con-  Thrombin-treated Primary Human Endothelial Cells—Endo-
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thelial cell activation is not an all-or-none response. Indeed,
different extra-cellular mediators engage the endothelium in
ways that differ from one signal to the next. A major focus is to
study the temporal and spatial dynamics of endothelial cell
phenotypes. Using DNA microarrays, we carried out a global
survey of mRNA in HUVEC treatced in the absence or presence
of growth factor (VEGF), serine protease {thrombin), or cyto-
kine (TNF-a). Clustering analyses of the data revealed a far
closer relationship between VEGF and thrombin than between
other pairings (Fig. 1A and supplemental Table I). Of the
various transcripts that were responsive both to VEGF and
thrombin, DSCR-1 was the most highly induced at the earliest
time point, At 1 h, VEGF resulted in 22.3-fold induction of
DSCR-1, while thrombin indueced DSCR-1 by 17.7-fold (Fig.
1B). The effect of VEGF and thrombin was no longer detectable
at 24 and 18 h, respectively. Compared with VEGF and throm-
bin, TNF-«o treatment of HUVEC resulted in far less induction
of DSCR-1 (3.2-fold at 1 h) (supplemental Table I and data not
shown),

VEGF and Thrombin Selectively Induce the DSCR-1 Isoform
Consisting of Exons 4-7 in Primary Human Endothelial
Cells—The DSCR-1 gene includes seven exons and six introns.
The first four exons are alternative and code for four different
isoforms (23, 24). A 5’ promoter regulates expression of the first
three isoforms, which are derived from alternative splicing.
The most common of these contains exons 1, 5, 6, and 7. An
intragenic region between exons 3 and 4 contains an alterna-
tive promoter which initiates transcription of the fourth iso-
form (exons 4, 5, 6, and 7) (Fig. 24) (24). To determine which
isoform(s) is up-regulated by VEGF and thrombin, we per-
formed RNase protection assays using riboprobes that span
either exons 4 and 5 or exons 1 and 5 (Fig. 2B). As shown in Fig.
2C, the addition of VEGF or thrombin to HUVEC resulted in
marked up-regulation of the DSCR-1 isoform encoded by exons

4-7, with maximal levels oceurring at 1 h. In contrast, there
was no detectable induction of the DSCR-1 isoform encoded by
exons 1, 5, 6 and 7 (Fig. 2C, asterisk). Consistent with the DNA
microarray data, TNF-«a resulted in comparatively low levels of
DSCR-1 induction. To determine whether DSCR encoding ex-
ons 1, 5, 6, and 7 is expressed in endothelial cells and to further
test its inducibility, RT-PCR assays were performed using iso-
form-specific primers and ¢cDNA from control or VEGF-, throm-
bin-, or TNF-a-treated HUVEC. Transcripts were detected only
after 40 cycles of amplification and were not affected by the
addition of extracellular mediators at 1 or 4 h. By eomparison,
the isoform encoded by exons 4-7 was detected in thrombin-
and VEGF-treated HUVEC after just 21 PCR cycles (Fig. 2D).
Together, these results suggest VEGF and thrombin and to a
far legser extent TNF-a result in the rapid and selective induc-
tion of the DSCR-1 isoform containing exons 4-7.

VEGF and Thrombin Induce DSCR-1 Expression in Primary
Human Endothelial Cells via Flk-1/KDR and PAR-1, Respec-
tively—VEGF has two high affinity receptors, Flt-1 and Flk-1/
KDR. To determine which receptor mediates VEGF stimula-
tion of DSCR-1, HUVEC were treated with the selective Flt-1
agonist, PIGF, or with VEGF in the absence or presence of the
Flk-1/KDR selective inhibitor, SU1498. The addition of 5¢-200
ng/ml PIGF failed to induce DSCR-1 mRNA (Fig, 34, lanes 2
and 3). In contrast, VEGF-mediated induction of DSCR-1 was
attenuated by pretreatment with 5§ and 20 un SUU1498, by 74.2
and 84.4%, respectively (Fig. 3A, lanes 4-6). As an internal
control for PIGF activity in HUVEC, agonist-treated endothe-
lial cells were assayed for Flt-1 phosphorylation, using immu-
noprecipitation. As shown in Fig. 3B, the addition of 100 ng/ml
PIGF resulted in tyrosine phosphorylation of Flt-1. Taken to-
gether, these data suggest that VEGF increases DSCR-1
mRNA in endothelial cells through a Flk-1/KDR-dependent
mechanism.
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Fic. 6. DSCR.1 attenuates tube formation and cell cycle progression of primary endothelial cells. A and B, HUVEC were infected with
either Ad-Control or Ad-DSCR-1 and then serum-starved for 18 h and incubated in the absence or presence of 50 ng/ml VEGF {A) or 1.5 units/ml
thrombin (B) for 1 h. The nuclei were stained with Hoechst. C, capillary-like tube formation model, HUVEC were infected with either Ad-Control
(panels a-d) or Ad-DSCR-1 {panels e-h), grown on the collagen gel in the presence (panels b-d and f~ Ak} or absence (panels ¢ and d) of VEGF. 48 h
later, cells were observed under bright field (40-fold magnification (panels @, b, €, and f)) or under fluorescence (40-fold magnification (parels ¢ and
g) or 100-fold magnification (panels d and k)). The results are representative of three independent experiments. I, quantification of tube area. The
means and S.D. values were calculated with NIH image from three independent experiments. £, FACS analys:s of cell cycle in Ad-Control-,
Ad-DSCR-1-, and Ad-DSCR-1 plus Ad-CA-NFAT-infected HUVEC, carried out as described under “Experimental Procedures.” The results are
representatwe of three independent experiments. F, FACS analysis of apoptosis and necrosis in Ad-Control- and Ad-DSCR-1-infected HUVEC:
panel a, representative result showing M1 (G,/G,), M2 (G,), M3 (S), and M4 (apoptosis and necrosis} fields; parel b, the percentage gated in each

field.

Thrombin is known to signal through protease-activated re-
ceptors (PARs). PAR-1 is the most important thrombin receptor
in endothelial cells. To demonstrate a potential role for PAR-1
in mediating the thrombin response, we employed RNase pro-
tection assays of HUVEC treated in the presence or absence of
TRAP, a 14-amino acid PAR-1 agonist peptide. TRAP resulted
in a dose-dependent increase in DSCR-1 mRNA levels. More-
over, thrombin-mediated induction of DSCR-1 was completely
blocked by pretreatment with the thrombin-specific inhibitor,

hirudin (Fig. 3, C and D). Taken together, these findings sug-
gest that VEGF and thrombin mediate DSCR-1 induction in
endothelial cells via Flk-1/KDR and PAR-1, respectively.
VEGF- and Thrombin-induced DSCR-1 mRNA and Pro-
moter Activity in Primary Human Endothelial Cells vie a Cal-
cineurin-dependent Signaling Pathway—Previous studies in
non-endothelial cells have demonstrated an important biologi-
cal role for DSCR-1 as a regulator of calcium-calcineurin-
NF-AT signaling {(25-27). To determine whether VEGF- and
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Fic. 6—continued

thrombin-mediated induction of DSCR-1 in endothelial cells is
similarly dependent on calcineurin, we employed RNase pro-
tection assays with the calcineurin inhibitor, eyclosporine A
(CsA). VEGF-mediated induction of DSCR-1 was inhibited
64.1% by 10 nm CsA and 93.3% by 1 um CsA (Fig. 44, lanes
6-8). Similarly, thrombin stimulation of DSCR-1 was inhibited
by pretreatment with 10 nyM and 1 uM CsA (by 72.6 and 93.1%,
respectively) (Fig. 4A, lanes 9-11). Next, we wished to deter-

mine whether the DSCR-1 promoter contained information for
transducing the VEGF/thrombin-calcineurin-dependent signal.
To that end, the human DSCR-1 promater (—1664 to +83) was
isolated and coupled to the luciferase reporter gene (Fig. 4B).
The resulting DSCR-1-luc plasmid was transiently transfected
into HUVEC. As shown in Fig. 4C, VEGF and thrombin in-
duced DSCR-1 promoter activity by 3.2- and 2.6-fold, respec-
tively, whereas TNF-a had no such effect. VEGF- and throm-
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FiG. 6—continued

bin-mediated induction of the promoter was inhibited by 1 um
CsA (90.7 and 96.3%, respectively). Taken together, these re-
sults indicate that both VEGF-F1k-1/KDR and thrombin-PAR-1
signals induce DSCR-1 mRNA and promoter activity through a
calcineurin-dependent pathway.

To delineate the promoter elements responsible for mediat-
ing the effects of VEGF and thrombin on DSCR-1 expression, a
series of 5'-deletion constructs was generated and transiently
transfected into HUVEC (Fig. 4B). Most notably, a deletion of
the promoter region between —350/—166 resulted in a loss of
response to VEGF and thrombin (Fig. 4D). The region contains
neighboring consensus NF-AT and GATA motifs located at
positions —220 and —254, respectively, To assess the role of
each of these DNA elements in mediating VEGF and thrombin
stimulation of DSCR-1, a point mutation of either the NF-AT or
GATA motif was introduced and the resulting construct trans-
fected into HUVEC. Each mutation profoundly blocked VEGF/
thrombin-mediated the induction (Fig. 4, E and F). To test the
capacity of NF-AT and GATA factors to transactivate the
DSCR-1 promoter, we carried out co-transfections in HUVEC
with DSCR-1-luc and NF-AT and/or GATA expression plas-
mids. As shown in Fig. 4G, co-transfection of constitutive active
NF-AT resulted in marked transactivation of promoter activity
(14.6-fold). Co-transfection of GATA-2 resulted in weak but

significant induction of promoter activity (1.71-fold). Impor-
tantly, GATA-2 and NF-AT interacted synergistically to induce
the promoter by 30.8-fold.

VEGF and Thrombin Promote Binding of NF-ATe, NF-ATp,
GATA-2, and GATA-3 to the DSCR-1 Promoter—To study the
effect of VEGF and thrombin on NF-AT and GATA DNA-
protein interactions, we carried out EMSA using radiolabeled
oligonucleotide probes that spanned one or both consensus
motifs. In the first set of experiments, a radiolabeled wild-type
probe, containing the closely aligned GATA and NF-AT binding
sites (Fig. 5A), was incubated with nuclear extracts derived
from HUVEC treated in the absence or presence of VEGF,
thrombin, or TNF-«. In control untreated cells, EMSA revealed
a specific DNA-protein complex (Fig. 5B, arrow). Importantly,
the addition of VEGF or thrombin, but not TNF-q, resulted in
marked increase the DNA binding activity, an effect that was
abrogated by pretreatment of cells with 1 um CsA {(Fig. 5B,
compare lanes 4, 6, and 8 with lanes 5, 7, and 9. These
DNA-protein complexes were inhibited by the addition of 100-
fold molar excess of the unlabeled self-competitor, but not by
the same concentration of the unlabeled NF-AT mutant com-
petitor, or unlabeled GATA mutant competitor (supplemental
Fig. 1).

To determine the identity of proteins in the VEGF- and
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Fic. 7. DSCR-1 attenuates matrix neo-vascularization and tumor-progression in mice. A, matrigel containing 50 ng of VEGF and either
107 plaque-forming units of Ad-Control, Ad-DSCR-1, or Ad-DSCR-1 plus Ad-CA-NFAT was injected subcutaneously into C57BL6 mice, After 14
days, matrigel plugs were remaved for analysis of new vessel formation by histological sections and hemoglobin assays, Optical magnifications were
X100 (upper panels) and X200 (lower panels). The data are representative of seven independent experiments, B, hemoglobin in the matrigel plugs
was measured using the Drabkin’s reagents and normalized by the weight of matrigel. Data are expressed as means and 5.D,, n = 5. *p <001
compared with Ad-Control and Ad-DSCR-1. #, p < 0.001 compared with Ad-DSCR-1 and Ad-DSCR-1 and Ad-DSCR-1 plus Ad-CA-NFAT. [caret],
p > 0.5 (not significant) compared with Ad-Control and uninfected contrel mice. C, DSCR-1 reduces B16-melanoma growth in mice. Tumor growth
was reduced at 4 days (9.1-fold; p < 0.04), 6 days (7.7-fold; p < 0.04), and 8 days (7.4-fold; p < 0.04) by injection of Ad-DSCR-1. D, gross tumors
representative of Ad-Control or Ad-DSCR-1 injected groups immediately after resection. E, tumor mass after 14 days following Ad-Control or
Ad-DSCR-1 administrations. Data are expressed as means and S.D., n = 5. *, p < 0.031 compared with Ad-Control. F, representative sections of
B16-melancma at the edge {panels @ and c) and center (panels b and d) of the tumor.

thrombin-inducible binding complex, the binding reactions 5, C and D, lane 5). Preincubation with anti-GATA-2 or
were preincubated with anti-NF-ATc, anti-NF-ATp, anti- GATA-3 antibodies resulted in decrecased intensity of DNA
GATA-2, or anti-GATA-3 antibodies. The addition of an anti- binding activity (Fig. 5C, lane 6, and D, lanes 6 and 7, hatched
NF-ATec antibody resulted in a strong supershift of the binding  rectangles).

complex (Fig. 5, C and D, lane 4, asterisks), whereas anti-NF- To more clearly assess GATA DNA-protein interactions, a
ATp antibody resulted in a comparatively weak supershift (Fig. radiolabeled probe containing the NF-AT mutant (Fig. 54) was
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Fic. T—continued

incubated with nuclear extracts derived from VEGF-treated
HUVEC. These experiments resulted in specific DNA-protein
complexes (Fig. 5E, lane 2, arrow), which were inhibited by the
addition of 100-fold molar excess of unlabeled NF-AT mutant
self-competitor but not inhibited by unlabeled GATA mutant
competitor (Fig. 5E, lanes 3 and 4). Furthermore, the com-

plexes were inhibited by preincubation with anti-GATA-2 or -3
antibodies but not by anti-GATA-6 antibody (Fig. 5E, lanes
5-7). To further study NF-AT binding, a radiolabeled probe
containing the GATA mutant (Fig. 54) was incubated with
nuclear extracts derived from VEGF-treated HUVEC. The mix-
ture resulted in a specific DNA-protein complex, which was



