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Abstract

Peroxisome proliferator-activated receptor-y (PPARy), a member of the nuclear hormone receptor
superfamily originally shown to play an important role in adipocyte differentiation and glucose
homeostasis, is now known to regulate inflammatory responses. Given the importance of
endothelial cell (EC)-derived chemokines in regulating leukocyte function and trafficking, we
studied the effects of PPARy ligands on the expression of chemokines induced in ECs by the Thl
cytokine IFN-y. Treatment of ECs with PPARy activators significantly inhibited IFN-y~induced
mRNA and protein expression of the CXC chemokines IFN-inducible protein of 10 kDa (IP-10),
monokine induced by IFN-y (Mig), and IFN-inducible T-cell a-chemoattractant (I-TAC), whereas
expression of the CC chemokine monocyte chemoattractant protein-1 was not altered. PPARy
activators decreased IFN-inducible protein of 10 kDa promoter activity and inhibited protein
binding to the two NF-xB sites but not to the IFN-stimulated response element ISRE site.
Furthermore, PPARy ligands inhibited the release of chemotactic activity for CXC chemokine
receptor 3 (CXCR3)-transfected lymphocytes from IFN-j-stimulated ECs. These data suggest that
anti-diabetic PPAR y activators might attenuate the recruitment of activated T cells at sites of Thl-
mediated inflammation.

Leukocyte recruitment to sites of inflammation is an essential component in the
pathophysiology of disease. Chemokines are a superfamily of 8- to 10-kDa secreted basic
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chemotactic proteins that play an important role in this process (1). Chemokines secreted
from activated endothelial cells (ECs)# are uniquely positioned to play a central role in
initiating leukocyte recruitment from the vascular space into tissues. IFN-y is a critical
mediator of Th1l immunity and is a potent activator of the endothelium. IFN-y stimulates
ECs to express specific adhesion molecules (e.g., ICAM-1) and chemokines that regulate the
trafficking of lymphocytes and monocytes into sites of Thl-type inflammation. In particular,
IFN-yinduces ECs to secrete three CXC chemokines, IFN-inducible protein of 10 kDa
(IP-10), monokine induced by IFN-y (Mig), and IFN-inducible T-cell a-chemoattractant (I-
TAC), which are active on Th1 cells, and the CC chemokine monocyte chemoattractant
protein-1 (MCP-1), which is active on monocytes (2). In addition, immunohistochemical
analysis of human atherosclerotic lesions revealed I1P-10, Mig, and I-TAC expression in ECs
overlaying the plaque (2), suggesting that these chemokines likely play an important role in
T cell recruitment to sites of inflammation.

Peroxisome proliferator-activated receptor-y (PPARY), as well as PPAR«a and PPARA,
belong to the superfamily of nuclear receptor transcription factors that regulate gene
expression in response to specific ligands. PPAR y activators include naturally occurring
ligands, such as the prostaglandin D, metabolite 15-deoxy 21214 prostaglandin J, (15d-
PGJy) (3, 4), and syntheticligands, such as the antidiabetic thiazolidinedione agents
troglitazone and rosiglitazone (BRL49653) (5, 6). In contrast, PPAR« ligands include
natural polyunsaturated fatty acids, eicosanoids, as well as synthetic fibric acid derivatives,
such as fenofibrate and WY 14643 (7, 8). Although originally implicated in adipocyte
differentiation and glucose homeostasis, PPARy has recently been shown to regulate
inflammatory responses. In monocytes and monocyte-derived macrophages, activation of
PPARy inhibits the expression of TNF-q, IL-1q, IL-6, inducible nitric oxide synthase,
gelatinase B/matrix metalloproteinase-9, and scavenger receptor A (9-11). In a transformed
colonic epithelial cell line, PPAR y activation inhibits the expression of IL-1-induced MCP-1
and IL-8 expression in vitro, and PPARy ligands reduced the severity of colonic
inflammation in a mouse model of colitis (12). PPARyis also expressed in ECs, with data
supporting PPAR y regulation of plasminogen activator inhibitor type-1, endothelin-1, and
angiogenesis (13-15).

We hypothesized that PPAR y might be involved in the regulation of IFN-y~induced
chemokine expression in human ECs, and therefore we investigated the effect of naturally
occurring and synthetic PPAR y activators on the expression of the CXC chemokines IP-10,
Mig, and I-TAC and the CC chemokine MCP-1.

4 Abbreviations used in this paper: EC, endothelial cell; IP-10, IFN-inducible protein of 10 kDa; Mig, monokine induced by IFN-y; I-
TAC, IFN-inducible T cell a-chemoattractant; MCP-1, monocyte chemoattractant protein-1; PPAR, peroxisome proliferator-activated
receptor; 15d-PGJ2, 15-deoxy‘A12v14 prostaglandin J2; CXCR3, CXC chemokine receptor 3; DHA, docosahexaenoic acid; EPA,
eicosapentaenoic acid; ISRE, IFN-stimulated response element; Cl, chemotaxis index; GAS, gamma-activated sequence; GL-IP10,
IP-10 promoter-reporter construct; TGL-IPIO, truncated GL-IP10.
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Materials and Methods

Cell culture

Human saphenous vein ECs were isolated from explants from unused portions of saphenous
veins harvested at coronary artery bypass surgery (13). Cells were cultured in medium 199
(BioWhittaker, Walkersville, MD) containing 25 mmol/L HEPES, 1% (w/v) heparin, 50
pg/ml EC growth factor, 10 mM glutamine, 100 U/ml penicillin-streptomycin, and 5% FCS
on low-pyrogen fibronectin (1.5 mg/cm?2). ECs were >99% von Willebrand factor-positive
as determined by flow cytometry and were used at passages 2-5 for all experiments. The
human bladder cancer cell line ECV304 was obtained and cultured as described by
American Type Culture Collection (ATCC, Manassas, VA), and the human CXC chemokine
receptor 3 (CXCR3) 300-19 transfected cell line and parental untransfected lines (gifts from
B. Moser, Theodor-Kocher Institute, Bern, Switzerland) were cultured as described (16).

RNA extraction and Northern blot analysis

Human ECs were treated in standard culture media as above for 12 h with IFN-y (100 U/ml)
in the absence or presence of different PPAR y activators (10 u M 15d-PGJ, (Calbiochem,
La Jolla, CA), 10 uM troglitazone (gift from Parke-Davis, Morris Plains, NJ), 10 uM
BRL49653 (rosiglitazone; gift from SmithKline Beecham, Philadelphia, PA)) or PPAR«
activators (30 uM docosahexaenoic acid (DHA), 30 uM eicosapentaenoic acid (EPA) (both
from Sigma, St. Louis, MO), and 250 uM WY 14643 (Biomol, Plymouth Meeting, PA)).
Total RNA from 107 cells was isolated using RNAzol (Tel-Test, Friendswood, TX). Ten
micrograms of total RNA was used for Northern blot analysis as described (17). Blots were
hybridized sequentially with the following radiolabeled ([a-32P]deoxycytidine 5'-
triphosphate) probes: a 1-kb Pstl fragment from 1P-10 cDNA (18), a 3-kb Notl fragment
from human Mig cDNA (19) (gift from J. Farber, National Institutes Health, Bethesda, MD);
a 300-bp BamHI/Aval fragment from human I-TAC cDNA (20) (gift from K. Neote, Pfizer,
Groton, CT); a 346-bp EcoRI fragment from human MCP-1 cDNA (ATCC); and a GAPDH
cDNA as a control for RNA loading.

Transient transfection assay

EMSA

ECV304 cells were transiently transfected with 1P-10 promotor-luciferase constructs (21)
and a CMV-/-galactosidase vector () CMV-4-Gal, Clontech, Palo Alto, CA) using
Lipofectamine according to the manufacturer’s protocol (Life Technologies, Gaithersburg,
MD). Transfected cells were stimulated with IFN-y (100 U/ml) in the presence or absence of
15d-PGJs, troglitazone, or BRL49653 (all 10 uM). Cells were harvested after 16 h, and
luciferase and f#-galactosidase activity was measured using the Dual-Light assay (Tropix,
Bedford, MA).

Human ECs were stimulated for 12 h with IFN-y (100 U/ml) and 15d-PGJ, (10 uM) before
the preparation of nuclear extracts. Standard EMSA was performed as described (22) using
oligonucleotides for the IFN-stimulated response element (ISRE) site (5’-
CGCTTTGGAAAGTGAAACCTAC CTC-3'), the xB1 site (5'-
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GCAACATGGGACTTCCCCAGGAAC-3), and the xB2 site (5'-
GAGCAGAGGGAAATTCCGTAACTT-3') of the human IP-10 promoter.

In vitro chemotaxis assay

ELISA

Sodium butyrate-treated CXCR3-transfected and -untransfected 300-19 cells (5 x10°
cells/ml) were placed in the top of a 48-well microchemotaxis chamber (Neuroprobe, Cabin
John, MD) separated by a polycarbonate filter with 5-pm pores from 10-fold dilutions of
conditioned media collected from untreated ECs, IFN-)~treated ECs, IFN-y - and 15d-PGJ,-
treated ECs, and 15d-PGJ,-treated ECs or from I1P-10 and I-TAC as positive controls. Cells
were incubated at 37°C for 90 min in a 5% CO, incubator, and migrated cells were stained
with Diff-Quick and counted. Chemotaxis index (Cl) is defined as the number of cells
migrating in response to EC-conditioned medium divided by the number of cells migrating
in response to medium alone.

To determine the amount of secreted CXC chemokines in supernatants used for the
chemotaxis assays, sandwich ELISAs for IP-10 (17), Mig (R&D Systems, Minneapolis,
MN) and I-TAC were performed. mAbs were used for the capture Ab and rabbit polycloncal
Abs were used for detection. For the I-TAC ELISA, mAb 8G4 and the polyclonal Ab were
generously provided by K. Neote.

Assessment of total protein synthesis

To determine the effect of 15d-PGJ, on the total protein synthesis in human ECs, cells were
treated with IFN-yin the absence or presence of 15d-PGJ, in media containing radioactive-
labeled methionine ([3°S]-methionine, 0.2 pCi/ml). After 24 h, cells were harvested, and
total protein synthesis in both lysates and supernatants was measured by counting
radioactivity after cold trichloroacetic acid precipitation.

Statistical analysis

Results

Differences were analyzed by one-way ANOVA and then by Fisher’s test. A p value of
<0.05 was regarded as significant.

PPAR+y but not PPARa activators inhibit IFN-y-induced CXC chemokine mRNA expression
in human ECs

To investigate the effect of PPAR activators on endothelial chemokine mRNA expression,
human ECs were stimulated for 12 h with IFN-y (100 U/ml) in the absence or presence of
different PPARy (10 pM 15d-PGJ,, 10 uM troglitazone, 10 pM BRL49653) or PPAR«
activators (30 uM DHA, 30 uM EPA, 250 uM WY 14643), and Northern blot analysis was
performed. As expected, IFN-y induced the expression of IP-10, Mig, I-TAC, and MCP-1
mMRNA in human ECs. Treatment of ECs with three different PPAR y activators, added at the
time of IFN-y stimulation, significantly reduced IP-10, Mig, and I-TAC mRNA levels. In
contrast, none of these PPAR y activators affected IFN-~induced MCP-1 expression (Fig.
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1A, left panel). Densitometry analysis revealed 15d-PGJ, as the strongest inhibitor of CXC
chemokine mRNA expression in ECs, inhibiting IP-10, Mig, and I-TAC expression by 78,
73, and 75%, respectively (Fig. 1B). None of the different PPARa activators tested affected
IFN-9~induced chemokine mMRNA expression significantly (Fig. 1A, right panel, and B).
PPAR activators alone had no effect on chemokine expression (data not shown). Treatment
of ECs with PPAR yactivators did not affect cell viability or total protein synthesis (data not
shown).

15d-PGJ; reduces IP-10 mRNA and protein expression in a concentration-dependent

manner

To further investigate the effect of PPARy activators on IFN-y~induced CXC chemokine
expression, we asked whether 15d-PGJ,, the most efficacious inhibitor tested, blocked 1P-10
mRNA accumulation and protein secretion in a concentration-dependent manner. ECs were
costimulated with IFN-yand different concentrations of 15d-PGJ,, and IP-10 mRNA
accumulation was analyzed by Northern blot at 12 h. 15d-PGJ, inhibited IP-10 mRNA
expression in IFN-9~stimulated ECs in a concentration-dependent manner with a maximal
reduction to 24 £+ 5% at 10 uM compared with IFN-y-stimulated cells (p < 0.01; n = 3; Fig.
2A). Experiments in the presence of actinomycin D revealed that 15d-PGJ, did not
significantly reduce IP-10 mRNA half-life compared with control cells (9.9 £ 1.1 hin
control cells vs 10.4 + 1.8 h in 15d-PGJ,-stimulated cells; p = NS; n = 4; data not shown),
indicating that the inhibitory effect of 15d-PGJ, on IP-10 mRNA accumulation occurs at the
transcriptional level rather than as a result of altered mRNA stability. Consistent with the
data obtained by Northern blot analysis, treatment with 15d-PGJ, also reduced secreted
IP-10 protein levels in a concentration-dependent fashion (Fig. 2B).

PPARYy activators inhibit IFN-y-induced IP-10 promoter activity

To further investigate the effect of PPARy activators on IP-10 transcription, we transiently
transfected two well-characterized IP-10 promoter reporter luciferase constructs (Fig. 3A)
into the human cell line ECV304. IFN-y stimulation (16 h) of cells transfected with a 960-bp
IP-10 promoter-reporter construct (GL-1P10) led to a 2.7 + 0.4-fold increase in normalized
promoter activity (luciferase/#-galactoside activity activity) similar to the effect seen in
fibrosarcoma cells (21). Treatment with 15d-PGJ,, troglitazone, or BRL49653 significantly
reduced this increase to 1.4 + 0.1-fold (p < 0.01), 1.6 + 0.3-fold (p < 0.05), and 1.6 + 0.4-
fold (p < 0.05, compared with IFN-9~stimulated cells; n = 3), respectively. Transfection
studies with a 435-bp IP-10 promoter-reporter deletion construct (TGL-1P10), lacking the
gamma-activated sequence (GAS) site but containing the ISRE site and two NF-xB sites,
revealed similar PPAR y activator responsiveness. Stimulation of TGL-1P10 transfected cells
with IFN-y-enhanced relative luciferase activity 2.3 = 0.2-fold, similar to the effect seen in
fibrosarcoma and astrocytoma cells (21, 23). Treatment with PPAR y activators inhibited this
increase significantly: 15d-PGJ, to 1.0 + 0.3-fold, troglitazone to 0.9 + 0.2-fold, and
BRL49653 to 0.8 + 0.1-fold (p < 0.01 for all, compared with IFN-y-stimulated cells; n = 3;
Fig. 3B).
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15d-PGJ; inhibits NF-xB activation in the IP-10 promoter

Because IFN-y induction of IP-10 transcription requires cooperation of the ISRE site with at
least one of the two NF- B sites in the IP-10 promoter (24), we investigated whether PPAR y
activators inhibit direct binding of transcription factors to the ISRE site or to the NF-xB
sites. Treatment of human ECs with 15d-PGJ, did not affect the amount of IFN-y~induced
DNA-protein complexes associated with the ISRE oligonucleotide (Fig. 3C, left panel),
suggesting that PPAR y activators do not directly inhibit transcription factor binding to the
ISRE site. In contrast, in experiments using the xB1 or xB2 oligonucleotides, 15d-PGJ,
markedly decreased the amount of shifted complexes induced by IFN-y (Fig. 3C, middle
panels). Therefore, PPAR y activators may directly inhibit NF-#B activation at both xB sites
in the IP-10 promoter. The specificity of the detected xB complexes was determined by
supershift analysis with anti-p50 Abs (data not shown). Protein binding to a consensus SP-1
site served as a loading control (Fig. 3C, right panel).

PPARYy activator 15d-PGJ, inhibits CXCR3 chemotactic activity released from IFN-y-
stimulated ECs

To examine the potential functional relevance of inhibition by 15d- PGJ, of IFN-y~induced
CXCR3 ligand expression in human ECs, we performed in vitro chemotaxis assay using
CXCRa3-transfected lymphocytes and supernatants from cultured ECs. Cell-free supernatants
collected from IFN--treated ECs contained substantial chemotactic activity for CXCR3
300-19 lymphocytes (CI = 65 at 1:10 dilution) compared with supernatants collected from
untreated ECs (Cl = 1 at all dilutions). ECs treated with 15d-PGJ, (10 uM) and IFN-y
released significantly less CXCR3 chemotactic activity than IFN-9~stimulated ECs. This
was apparent at 1:10 and 1:100 dilutions of EC supernatant in which 15d-PGJ, reduced the
CXCR3 chemotactic activity found in IFN-j-stimulated EC supernatants by 58 and 72%,
respectively (p < 0.01; n = 3; Fig. 4). EC supernatants collected from all groups had no
chemotactic activity toward untransfected 300-19 cells (data not shown). In concordance
with the ability of 15d-PGJ; to inhibit the release of IFN-y-induced CXCR3 chemotactic
activity from ECs, ELISAs specific for IP-10, Mig, and I-TAC revealed that 15d-PGJ,
reduced the amount of secreted CXCR3 ligands from IFN-j-stimulated ECs by 89 + 7% (p <
0.01; n=5), 98 + 2% (p < 0.05; n = 5), and 90 £ 6% (p < 0.05; n = 5), respectively (Fig.
4B). 15d-PGJ, stimulation alone did not release CXCR3 chemotactic activity (Cl = 1) or
secretion of IP-10, Mig, and I-TAC protein from ECs. Interestingly, there was a hierarchy to
the amounts of these chemokines secreted from IFN-j-stimulated ECs: IP-10 was secreted to
the highest levels (102 £ 18 ng/ml; n = 5) followed by Mig (10.6 + 8.7 ng/ml; n = 5) and
then I-TAC (1.7 £ 1.6 ng/ml; n = 5).

Discussion

The present study demonstrates that PPAR y activators inhibit IFN-y~induced expression of
the CXC chemokines IP-10, Mig, and I-TAC in human ECs. The mechanism for this effect
is likely to be through PPARy activation, given prior evidence that troglitazone,
BRL496553, and 15d-PGJ, are all PPAR y activators with little activity for other PPAR
forms. In addition, three PPARa activators, including the a-specific agonist WY 14643, had
no effect on IFN-y~induced chemokine expression. Nevertheless, we find, as reported in
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other settings (9, 10), a greater biologic effect with 15d-PGJ, compared with that of
BRL49653, despite biochemical data demonstrating greater PPAR y receptor affinity for
BRL49653 rather than 15d-PGJ,. This discrepancy has raised the intriguing possibility that
15d-PGJ, might also act through other pathways (25), such as direct inhibition and
modification of 1 «B kinase (26).

To further characterize the underlying mechanisms for the effects of PPAR y activators on
CXC chemokine expression, we focused on the regulation of 1P-10 expression. The
inhibition of IP-10 mRNA expression occurs at a transcriptional level, because 15d-PGJ,
did not alter IP-10 mRNA half-life but did inhibit IFN-j~induced IP-10 promoter activity.
Interaction of PPAR y with the IP-10 promoter was independent of a GAS element, because
PPAR yactivators decreased the activity of both the longer GL-IP10 reporter construct
(containing the GAS element) and the truncated TGL-IP10 construct (lacking the GAS site
but containing an ISRE and two NF-xB sites). IFN-y induction of IP-10 transcription
requires cooperation of the ISRE site with at least one of the two NF- B sites in the IP-10
promoter (27). Our EMSA results indicate that the inhibition of IFN-j~induced IP-10
transcription by PPARy activators occurs through an inhibition of NF-#B rather than ISRE
activation. Our work extends the notion that PPAR y activators can inhibit NF-xB (12) by
demonstrating that PPARy inhibiton of 1P-10 also involves NF-xB. This effect could result
from direct interference with NF-xB binding to the IP-10 promoter, as postulated for the
interaction of NF-xB with other nuclear receptors (e.g., the estrogen receptor (28)), or from
reduced nuclear translocation of NF-xB after PPAR y activation by inhibition of 1B
degradation as described in other settings of NF-xB inhibition (29).

Our data also suggest differential regulation of chemokine expression by PPAR y activators,
given evidence for inhibition of the expression in human ECs of the CXC chemokines I1P-10,
Mig, and I-TAC, but no effect on the expression of the CC chemokine MCP-1. This
difference in PPAR yregulation of CXC but not CC chemokine expression might result from
their distinct transcriptional regulation by IFN-y. Activation of IP-10 transcription by IFN-y
occurs through cooperation of the ISRE site with the NF- B sites in the IP-10 promoter
(27), whereas transcriptional induction of MCP-1 by IFN-y occurs mainly through the GAS
site (30). Interestingly, PPAR y activators reduce IL-14-induced MCP-1 expression in a
colon epithelial cell line (12), a mechanism thought to be mediated through an inhibition of
NF-#B activation. It is noteworthy that the I-TAC promoter also contains an ISRE site and
an NF-B site (31). However, a tandem GAS-like element has been shown to be important
for IFN-y induction of Mig in some cells (32). Although the detailed mechanism by which
PPARy activators inhibit Mig induction remains to be determined, these data imply that
there may be an unrecognized NF-xB site in the Mig promoter or that PPAR y activators
affect Mig expression in a unique way.

Given the role of IFN-)~induced chemokines in Thl-mediated inflammation, our study
provides a novel mechanism for an anti-inflammatory effect of PPARy in ECs, with
potentially important implications for the treatment of diabetes given its associated risk for
vascular diseases.
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PPARy activators inhibit IFN-y-induced CXC chemokine mRNA expression in human ECs.
A, Representative Northern blot analysis of ECs treated for 12 h with IFN-y (100 U/ml) and
PPAR yactivators (10 uM 15d-PGJ,, 10 uM troglitazone (trogl), 10 uM BRL49653 (BRL);
left panel) or with PPAR« activators (30 uM DHA, 30 uM EPA, 250 uM WY 14643 (WY);
right panel). Ethanol (ETOH) as a solvent for PPAR activators served as control. B,
Densitometry analysis of three independent Northern blot experiments described in A.
Results of chemokine expression were normalized to GAPDH and are expressed as percent
of IFN-y~stimulated cells (% control). Bars represent mean + SEM. *, p < 0.05; **, p < 0.01;
vs IFN-9~stimulated cells.
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FIGURE 2.
15d-PGJ; inhibits IP-10 mRNA and protein expression in a concentration-dependent

manner. A, Representative Northern blot analysis of human ECs stimulated for 12 h with
IFN-y (100 U/ml) and 15d-PGJ, at concentrations shown. GAPDH expression demonstrates
equal loading of intact RNA (upper panel). Lower panel shows densitometry analysis of
three independent Northern blot experiments. Results of IP-10 expression were normalized
to GAPDH and are expressed as percent of IFN-j-stimulated cells (% control). Bars
represent mean + SEM. **, p < 0.01 vs IFN-j-stimulated cells. B, Western blot analysis of
secreted IP-10 protein from human ECs. Cells were stimulated for 24 h with IFN-y (100
U/ml) and 15d-PGJ, at concentrations indicated before supernatants were harvested for
analysis. Recombinant IP-10 protein served as a positive control.
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FIGURE 3.

PPARy activators inhibit IFN-y~induced IP-10 promoter activity. A, Schematic of IP-10
promoter constructs used in transfection experiments. B, ECV304 cells were cotransfected
with the two different IP-10 constructs shown in A and with a f-galactosidase expression
construct (pCMV/-GAL). Transfected cells were stimulated with agents indicated for 16 h,
and assays were performed for luciferase and f-galactosidase activity. Results for each
construct were normalized to f-galactosidase activity and expressed as fold induction
compared with unstimulated cells. Bars represent mean = SEM (n = 3), *, p < 0.05; **, p <
0.01; vs IFN-y~stimulated cells. C, 15d-PGJ, inhibits protein binding to the NF-xB sites but
not to the ISRE site in the IP-10 promoter. EMSA of human ECs treated with IFN-y (100
U/ml) and 15d-PGJ, (10 pM) for 12 h. Specificity was determined by addition of 40 ng
unlabeled ISRE, xB1, or xB2 oligonucleotide (cold probe). Specific complexes are indicated
by arrowheads. Binding of nuclear proteins to a consensus SP-1 site served as a loading
control. Three independent experiments yielded similar results.
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FIGURE 4.
15d-PGJ, inhibits CXCR3 chemotactic activity released from IFN-j-stimulated ECs.

Supernatants of human ECs stimulated with IFN-y (100 U/ml) for 48 h in the absence or
presence of 15d-PGJ, (10 uM) were tested for their chemotactic activity on CXCR3-
transfected cells (A) and were analyzed for their levels of IP-10, Mig, and I-TAC protein
(B). Controls included supernatants collected from untreated EC (Control) and 15d-PGJ,-
treated (10 uM) ECs. A, EC supernatants were used in an in vitro chemotaxis assay at the
indicated dilutions employing CXCR3-transfected 300-19 lymphocytes and a modified
Boyden chamber. Data represent mean = SEM of four fields counted of replicate wells and
are presented as number of migrated cells per high-powered field (hpf). *, p < 0.01 vs IFN-
y-stimulated cells. Three independent sets of supernatants were each tested at dilutions
indicated two to four times and yielded similar results. B, Levels of IP-10, Mig, and I-TAC
protein in unconcentrated EC supernatants determined by specific ELISAs. Results are
expressed as percent of IFN-j-stimulated cells (% control). Bars represent mean + SD of
five independent experiments, each measured in triplicate. *, p < 0.05; **, p < 0.01; vs IFN-
ystimulated cells.
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