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Detection of Fcy receptors on human endothelial cells stimulated with cytokines
tumour necrosis factor-alpha (TNF-«) and interferon-gamma (IFN-v)
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SUMMARY

This investigation was conducted to detectyFeceptors (FgR) on cytokine-stimulated human
endothelial cells (EC) by measuring antisfi® MoAb binding with an ELISA. TNFe and IFN+y
significantly increased the expression ofyRctype Il (FeyRIl) and type 11l (FeyRIIl) on aortic EC.
Simultaneous treatment with both cytokines had a synergistic effect and pretreatment of EC with IFN-
augmented the effect of TN&- The greatest effect was the increase (up to four-to-six-fold) in
expression of FgRII found by the simultaneous treatment of aortic EC with both cytokines. The
receptors were expressed on the cell surface and showed receptor capping after incubatnrdtis 7
study showed that the inflammatory cytokines Thlend IFN-< enhanced low-affinity FgR expres-

sion on human EGn vitro. The expression of R&R may contribute to the specific localization of
circulating immune complexes on blood vessels in areas of vasculitis.

Keywords endothelial cells Fgreceptors tumour necrosis factor-alpha interferon-
gamma vasculitis

INTRODUCTION permeability [9]. IFNy also enhances the TN&-induced expres-
sion of FeyR on monocyte cell line U937 [13]. TNE-and IFN+y

The formation and deposition of immune complexes (IC) in blood . .
P P (1) ve been known to modulate the expression and functiomg® Fc

vessels is generally believed to be important in the pathogenesis

; o : 4-16].
certain types of vasculitis [1]. However, the mechanism of IC(f
targeting to specific areas of blood vessels is largely unknown, There are three types of /R, CD64/FgRI, CDOW32/FoRIl,

Elevated circulating levels of cytokines such as TdBnd IFN<y and CD16/FgRIII. FcyRIl is the most broadly distributed FR. It

have been reported in those types of vasculitic diseases [2,3]. preferentially binds complexed or aggregated IgG [17]. The role of

TNF-o induces or increases endothelial expression of ChemoI_eucocyte F¢R in the pathogenesis of IC-associated vasculitis has

tactic mediators [4], tissue factors, cytokines, growth factors,been recognized [18]. However, the mechanism for IC deposition

vasomotor factors [5], and adhesion molecules [6,7]. TN&so on specific areas of blood vessels is poorly understood. The

causes endothelial morphologic change [8], nereases vascuEREER & SR AR T RIS U SN
permeability [9], and inhibits endothelial cell (EC) growth [10]. P

The actions of IFNy on EC include an induction of MHC class I the Scrcelérgutlg:lgn ()rglscé.g]ntgi EuI?l?;:gzt%rcggg)ggag;—go?a;:én
expression [11] and morphologic change, an increase in thé:Cy P xp lon ytoki imu .

. . . reported. We suggest that induced or enhancedRfexpression on
expression of MHC class | antigens and adhesion molecule§h EC und lt diti ivel tribute to th
vascular cell adhesion molecule-1 (VCAM-1) and intercellularlce| lgn t?r va1s_ﬁm '? con ||pns'\r;|1axbac Ively contribute fo the
adhesion molecule-1 (ICAM-1), and inhibition of growth [11]. ocalization.  Therelore, using VIOADS, R expression on

) L - cytokine-stimulated human EC was studied.
An important feature of IFNy activity is its synergistic effect
on the activity of other cytokines. Synergistic effects of IFN-
with TNF-« or IL-1 on EC include the expression of ICAM-1,
MHC class | and Il [12], and changes in morphology [8] and MATERIALS AND METHODS

Human EC cultures
Human aortic endothelial cells (HAEC) were purchased from

Correspondence: Luan-Feng Pan, Department of Biophysics, Shangh&lonetics C_0|'p- (S.an Diego, CA). The _Ce”S were grown in EC
Medical University, 138 Yi Xue Yuan Road, Shanghai 200032, P. R. Chinabasal medium, with 10ng/ml recombinant human epidermal
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growth factor, Jug/ml hydrocortisone, 5pg/ml amphotericin-B,  cells were then stained using unlabelled mouse MoAbs (1:50) in
12ug/ml bovine brain extract, and 2% fetal bovine serum (FBS)2% BSA and FITC-labelled F(&s fragments of anti-mlgG (1:50;
(all from Clonetics), in a 5% C@and fully humidified atmosphere Sigma) at 4C and washed with cold PBS. Stained cells were
at 37C. EC were harvested before confluence and seeded at 2508suspended in cold medium, half of them were kept°@,4he
cells/cnt. EC from passages 4-8 were used for the experimentsother half were incubated at 37 for 15 min. Finally, the cells were
The maintenance of EC characteristics was confirmed by morphoffixed in 1% paraformaldehyde and mounted in 90% glycerol.
ogy, positive staining for von Willebrand factor, binding dfex Immunoglobulin isotype controls were run in parallel and U937

europaeusgglutinin-1 and Dil-LDL uptake. cells and human fibroblasts were used to serve as positive and
negative controls, respectively. The cells were photographed under
Monocyte cell line U937 cell culture excitation wavelength of 488 nm using an Olympus fluorescent

Human monocyte cell line U937 cells were purchased from ATCcMicroscope. The location of kR was further examined under a
(Rockville, MD). They were cultured with RPMI 1640 medium BioRad MRC 1024 confocal microscope with a Nikon inverted

(Life Technologies, USA) supplemented with 10% FBS (Harlen, ScOPe oil objective 40 Fluor DIC.
USA), 2mm glutamine, MEM vitamins, 100 U/ml penicillin, and

100ug/ml streptomycin (all from Life Technologies). Statistical analysis
Data are summarized as the mears.d. of replicate optical
Human fibroblast cell culture density (OD) values. Significant differences between groups

Third passage normal human skin fibroblasts were purchased froMyere calculated using Studentigest. P<0-05 was considered
ATCC and grown in Eagle’s minimum essential medium with Significant.

Eagle’s salts and 0-1vmnon-essential amino acids, MnMEM

sodium pyruvate solution, and 10% FBS.

RESULTS
Antibodies and reagents Cytokine stimulation and the binding of monoclonal antiyRc
MoAbs including anti-FgRI (10.1, mouse IgG1l), anti-R&Il antibodies
(8.26, mouse IgG2b) [20], anti-FRIIl (3G8, migG1), and nega- The binding of anti-F¢R type I, II, Il and effect of cytokines have

tive isotype controls migG1 and migG2b all came from Pharmin-been examined and confirmed onyRt- and Fe/RII-bearing cells
gen (Los Angeles, CA). Other reagents were obtained from Sigm&937 (data not shown). The binding of all antibodies including

(St Louis, MO), except those specifically indicated. anti-FeyRI, anti-FeyRII, anti-FeyRIIl, negative isotype controls,
and secondary antibody to non-stimulated human aortic EC was
Recombinant human cytokines and treatment low (Fig. 1). Compared with negative control cells and antibody

TNF-o with a specific activity of %10’ U/mg and granulocyte-  iSOtype controls, non-stimulated human EC may express low levels
macrophage colony-stimulating factor (GM-CSF) with 2x05 ©f FCyRIl and FeyRIIl, but not FeyRI. However, the binding of
10®U/mg were purchased from Genzyme (Cambridge, MA); antl-Fey_RII to _EC was increased significantly after 72 h S|mqltan-
IFN-y (specific activity>2x 10’ U/mg) from Boehringer Mann- ~ €0us stimulation with TNFer and IFN+ (P<0-0001, four-to-six-
heim (Indianapolis, IN). EC were seeded in 96-well plates withfold). The difference in anti-FRIIl binding between stimulated
40000 cells/crf and allowed to grow to confluence. Cytokines @nd non-stimulated EC was also significa(0-01, 1-5-2-fold).
were then added to the medium with final concentrations offowever, the difference in anti-k&I binding before and after
IFN-y, TNF<w, and GM-CSF to 100U/ml, 200U/ml, and stimulation was not significant when compared with antibody
205 U/ml, respectively. The medium with or without cytokines controls £>0-2, Fig. 1),

was changed every day. The pretreatment of cells with 4FN-

lasted for 24h, 48h, or 72h. Transcription and translation

inhibitors were included in the medium 4h before cytokine

treatment at 2g/ml of actinomycin D, 3Q.g/ml of cycloheximide 0-8 —

and puromycin. 071 B Anti-FcyRll
Anti-FcyRI

ELISA 06 Anti-FcyRlll

Treated and control cells were blocked with filtered 2% bovine § 0-5 O Control migG2b

serum albumin (BSA) at 3T for 1h and then incubated with Q 04 B Secondary Ab

different MoAbs at %ug/ml. After three washings with PBS, © M No Abs

optimum concentrations of anti-mouse IgG Ffabfragments 0-3

labelled with horseradish peroxidase (HRP; Southern Bio- 0-2

technology, USA) were added and incubated for an additional 0-1

1.5h. Following several washings, HRP substrate TMB was 0

added, incubated for 20 min, and then stopped withHbSO,. TNF-IFN Medium

The bound enzyme activity was measured spectrophotometri- alone

cally at 450 nm on a microtitre plate reader (Molecular Devices

USA) 'Fig. 1. Enhanced FgR expression on human endothelial cells (EC) by

TNF-o and IFN+. Human aortic EC were stimulated with TNFand IFN-

v for 3days. The binding of anti-R& MoAbs was determined using an
Immunofluorescent and confocal microscopy ELISA. Data are presented as mears.d. of four replicates. P<0-01;
Treated (72 h) and control cells were harvested and washed. The P <0-0001, compared with negative isotype control migG2b.
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Fig. 3. Time-dependency of cytokine-triggered il expression on
(b) human endothelial cells (EC). EC were incubated with 200 U/ml BNF-
09— O INF-y 100 U/ml IFN+y, the combination of both cytokines, 205 U/ml granulocyte-

08|~ M IEN-v+TNE- macrophage colony-stimulating factor (GM-CSF), or medium only. The
v+ a binding of 5ug/ml MoAbs was measured every day.
07
0-6 |- persistent than that of TN&; with a continuous level of activity
plateau from 3days to 1weekP&0-005). However, human
recombinant GM-CSF did not show any effect on endothelial

cell FeyRIl expression (Fig. 3).

OD 450

Synergistic effect of IFN-and TNFe
As shown in Figs 2 and 3, the synergistic effect of TNBnd IFN-
v on endothelial cell FgRIl expression was obvious, since the OD
\ \ \ values resulting from the simultaneous stimulation were greater
15 150 1500 15000 than the summation of TNE-and IFN+ alone when the back-
IFN-y (U/ml) ground absorbency was subtracted from each group and under the
same cell number. The data from time course experiments showed
similar results (Fig. 3). The modulation of the receptors for one
incubated with different concentrations of TNFalone or mixed with 100 Cytoklne by another cytokine ha§ been reported a_nd. this was
U/ml IFN-y for 3 days. (b) EC were incubated with different concentrations COnsidered as one of the mechanisms of the synergistic effect of

of IFN-y alone or with TNFe: (200 U/ml). Data are presented as mean |NF-a and IFN+. We found that pretreatment of EC with
+ s.d. of four replicates. IFN-y for 24 h, 48h, or 72h augmented theRdl expression

that was induced by TNk (compared with non-pretreated,
P<0-002 for 48h and 72h pretreatment aRe0-05 for 24 h,
data not shown). The pretreatment of EC with IfNalso
enhanced FgRIl expression induced by coincubation with
TNF-« and IFNs (P<0-05, Table 1). EC that were pretreated
with IFN-y for 48 h, then washed and grown in cytokine-free
medium did not exhibit enhanced ¥RIl expression after 24 h
Yand thereafterR>0-1).

Fig. 2. Dose—response relationships for the effect of T&BF IFN-y on
FeyRIl expression. (a) Confluent endothelial cell (EC) monolayers were

Cytokine dose and time course of stimulation
A dose-dependent increase imiRil expression was observed on
human aortic EC incubated with TNk-for 72h (Fig. 2a).
Significant P<0-001) induction occurred at TN&-concentra-
tions as low as 1 U/ml (50 pg/ml) and was further enhanced b
coincubation with 100 U/ml IFNy. The effect of IFNy on the
expression of FgRIl was less marked than that of TNFand
dose-dependence of IFfwas not as significant as that of TNF-  Gene regulation by cytokines
(Fig. 2b). However, IFNy drastically augmented the effect of FcyRIl expression on cytokine-stimulated EC was significantly
TNF-« at low concentrations of 15 U/ml. lower after withdrawal of cytokines from medium for 24 h and
In time course experiments (Fig. 3), significant induction of afterward. EC stimulated with cytokines for 1, 2, 3, 4 or 5 days and
FeyRIl began after 24 h treatment with TNkralone P<0-01) and  then incubated with medium only had similar results (data not
began after 48 h treatment with IFNalone P<0-05). Enhanced shown). As the FgRII expression declined after the elimination of
FcyRIl expression peaked at 3day stimulation with TMF- cytokines, the morphology of stimulated EC also changed from
(P<0-0005) or a combination of TN&-and IFN+ (P<0-0001) elongated fibroblastoid to polygonal epithelioid. In addition, the
and declined slowly thereafter when cytokines were maintained irblockade of FgRIl expression by transcription and translation
the medium and renewed every day. The effect of FNas more  inhibitors indicated that cytokine-enhancedyR¢l expression
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Table 1. Impact of IFN+ pretreatment on RaRIl expression induced by TN&-or both TNFe: and IFN+y

Binding of anti-Fe/RIl MoAbs (OD450)

IFN-y TNF treatment time (h) TNF-IFN treatment time (h) Medium (h)
pretreatment

(h) 24 48 24 48 24 48

0 0267+ 0004 0305 0009 0334+ 0022 0474+ 0016 0204+ 0006 0266 0-006
48 0327+ 0023* 0409+ 0:036* 0381+ 0:023** 0517+ 0:022** 0210+ 0:014** 0-251* 0-009***

Human aortic endothelial cells were incubated with or without 200 U/ml|4Fii 48 h before stimulation with TNle-or TNF-« and IFN+. The binding
of anti-FeyRIl was determined using an ELISA assay after 24 h and 48 h incubation with cytokines. Data are presented-ais.cheafrfour replicate
determinations.

*P<0003; *P<003; ***P>01, compared with non-pretreated with IFN-

on EC requires gene activation at both the mRNA and proteirmorphology [8,12]. The enhancement of TNFaction by IFNy
level (Fig. 4). The effect of those inhibitors was dose- andpretreatment suggests that up-regulation of one cytokine receptor

time-dependent. by another cytokine may partially contribute to the synergistic
effect [26,27].
Fluorescent and confocal microscopy The bindings of anti-F¢RIl and anti-FgRIlIl to non-

To characterize the location of #RII expression on stimulated stimulated EC are very low, but they are higher than those of
EC, the cells were stained with antiRIl. Fluorescent staining negative controls mlgG2b and anti-fRIl. Therefore, non-
was found on the cell surface under fluorescent microscopstimulated human EC may express low levels ofyRd and
(Figures not shown) and under confocal microscope when cell&cyRIll. According to reports, anti-FRIl and anti-FgRIII
were incubated at’€ (Fig. 5a). The fluorescence on stimulated EC bound to endothelium of nerve vessels [28], placental villi
shifted from distribution over the whole surface to one or two [29], and endocardium of hearts undergoing rejection [24].
small, condensed areas (receptor capping) after incubatiori@t 37  The importance of FgR in the pathogenesis of such diseases as
(Fig. 5b). rheumatoid arthritis, systemic lupus erythematosus (SLE), and
immune vasculitis began to be recognized following the research
work on Arthus reaction [30]. A growing body of evidence
DISCUSSION indicates that endothelial injury is a fundamental step in the
Fcy receptors type Il and Il have been demonstrated in EC indevelopment of all types of vasculitis. Among the proposed
placenta [21], lymphoid tissues, and nerves [22]. The presence aghechanisms of endothelial injury, the most important and best
Fcy receptors or FgR-like bindings has been reported on virus- studied one is IC-mediated injury. 4R expressed on inflam-
infected EC [23], neutrophil lysate injured EC [19], as well as EC matory cytokine-stimulated EC may contribute to the specific
in transplant hearts undergoing rejection [24]. However, severalocalization of circulating IC to blood vessel walls and further
studies failed to confirm the presence ofyRcon other normal damage to the endothelium itself under vasculitic conditions.
vascular EC [21]. These data suggest that the expressiom& Fc
on EC may accompany a state of activation of the cells. We
demonstrated that TNE&- or IFN-y stimulated human EC to
express FgRII on the cell surface. Simultaneous treatment of
both cytokines had a synergistic effect. The same phenomenon was
reported in FgR expression on U937 cells [12]. The time course of TNF-IFN
cytokine-induced FgR expression on EC in this study was also Act D+TNF-IFN
close to that on U937, which peaked after 3—5 days stimulation and

Medium

) CHX+TNF-IFN
declined thereafter.

TNF-o has been shown to increaseyRcexpression on rat ~ PMC+TNF-IFN
microglia and peritoneal macrophages [16] and enhance human CHX
neutrophil F&R-mediated phagocytosis. TNFalso regulates EC Act D
gene expression and causes EC morphology change [7,11}y IFN- PMIC
caused a slower, longer lasting, and less pronounced change in \ \ \ \ |
FcyRIl expression on EC which was similar to the change in the 0 0-1 02 03 04 05 0-6
expression of MHC class Il on EC induced by IRNR5]. Like OD 450

TNF-o, !FN-'y:I-BaIJS-g relgm?]t.es ECd geInFe eXpressllon [11] ar:ﬁFFdC Fig. 4. Inhibition of cytokine-induced FgRIlI expression by RNA or
expression | = ] In this study, IFi-not only up-.regu ate protein synthesis inhibitors. Endothelial cells were treated witty/ghl
FeyR expression on EC, but also augmented the action of &NF- 5¢tinomycin D (Act D), 3Qug/ml cycloheximide (CHX), or puromycine

The synergistic effect of IFN-with TNF-« on EC gene expression  (pmMcC) for 4 h prior to addition of the cytokines. The binding oigml
has been reported on adhesion molecules, MHC antigens, andnti-FeyRIl MoAbs was determined after 24 h.
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Fig. 5. Confocal microscopy visualization and receptor capping. Endothelial cells (EC) were cultured witk @&hNH-N+ for 3 days, and
then stained with anti-R®RIl and FITC-labelled F(dh, fragments of anti-mouse IgG at@. After washings, the cells were incubated 4t 4
or 37°C for 15min, and photographed undeR0 objective of a BioRad MRC 1024 confocal microscope. (a) Stimulated ECCat(4)

Stimulated EC at 3T. Scale bar, 5am.
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