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ABSTRACT. Stimulation of human blood monocytes (adherent mononuclear cells) and the monocytic cell line,

THP-1, by IL-1 or TNF-a leads to the up-regulation of IFN-y receptors. Scatchard analysis using "'I-IFN--Y revealed

a twofold increase in the number of IFN-y receptors on THP-1 cells without an alteration in the affinity of the
receptor. The potential functional significance of this induction of IFN-y receptors on monocytes and THP-1 cells

was investigated by examining the effect of IFN-y on MHC class II Ag expression by these cells. Both IL-i and

TNF-a enhanced the IFN-y-induced HLA-DR expression (>twofold) and this effect was inhibited by antibody to

IFN--y. In the case of human monocytes, IL-i or TNF-a, each by themselves also increased HLA-DR expression,

which was also abrogated by antibody to IFN-y. The data suggest that the immunopotentiating effects of IL-1 and
TNF-a are mediated in part by enhancing IFN-y receptor expression ot monocyres and rnacrophages. This

presumably would increase the capacity of IFN-y to activate macrophages, enabling them to express HLA-DR and

present Ag more effectively. Journal of Immunology, 1993, 150: 1205.

J FN-y, a lymphokine produced by activated T cells, is biologic responses both in vitro and in vivo (5-12). It is of
a potent activator of monocytes and macrophages. interest to study the regulation of IFN-y receptors by cy-
IFN-y initiates its biologic effects by binding to spe- tokines that synergize with IFN-y. Therefore. we inmesti-

cific cell-surface receptors on these cells (I, 2). TNF-a is gated whether IL- I and TNF-a could affect the binding of
known to synergize with IFN-y, resulting in a number of IFN-y to its receptors and whether this influences func-
augmented biologic effects, such as antimicrobial and an- tional effects of IFN-y, such as its capacity to induce the
titumor activity (3, 4). A number of cytokines, including expression of MHC class 11 Ag on monocytes and the

IL-I and TNF-a, are known to regulate the expression of monocytic cell line, THP-1.

receptors for other cytokines and, thereby, amplify their Materials and Methods

Materials
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20, 1992. Human rll -I a (sp. act. 2 X 10 Ut/mg), and human rIL-l13
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, Address corres•ondence and reprint requests to Dr Teresa Krakauer, Medi- nolden, PA), respectively. Human rTNF-a (sp. act. 2 x
cal Division, U.S. Army Merdiral Research Institute of Infectious Diseases,
Building 1425. Fort Detrick, Frederick, MD 217702-5011 107 U/mg) and peroxidase-conjugated goat anti-mousc
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12(i antibody were purchased floui Boehringer-Maniiheinr determined directlN on) 24- selI plates. Cells verc %kashed
(Indianapolis. IN). Antiserum11 against hunian lEN--y (I 0(XX after c~ toki ne treat ment ý.kih PBS. and (13 till o f binding
neutraliiing U/mih ýkas obtained from Interferon Sciences buffer containing 11. n.\ of 'Il-IF- N-v yý 'Ias added After
(Newv Brunsw,ýick. NJ). The specificity of this antibod'N w as bindling a.t 4 C I' Or minn. SUpernatants, %Acre reino \edl and
documented bv its abilit v to block the antim ral activit\ of' plate,, "e rc %%ashed t~k iLc 'k ith coild PB S containing 0I. 1;
IFN--y but no: that of' lEN-n or lEN-13 in WISH cells. hi NaN,~ Cells sý crc soluhili/ed \&tihl(04 til of 0I 2 S Na( H-
antibodý %%ias also effecti~e in hiockine, the HLA-DR enl- and the radlioacti\ its x% as determined in a eaminna-counier
hanicenient induced by' lFN --y. but not that by lL-4. tin Nonspecific binding x.%as determined a' forT[1HP- I kcell' bs'
PBMC. Anti-humian HLA-DR and purified mIouse lgG usingU a 250401od molar esesol unlabeled hunian rIEN\ -y.
\Necrc from Becton D)ickinson (Mountain View. CA)- anid .k as subtracted from total binding, ito c-alculate specit`Ic
0KM I anid Leo NlIT anti-hunian noioncyte/macrophagee I indint. Ti calculate [Ilie number of receptors and K,.h
antibodies were kindl\ pro% ided by Dr. John Ortaldlo. [El. specific binding data %kcre plotted accordinL, to Scatc,.hard
BWRN. National Cancer hInstitutes. Frederick. MD. 113. A least squares, linear regression %%Jas used to gi'.e an

objective measurement of goodcness ofi fit II Jl~illating tile
Cell CuLture K&i

The human mionocv tic leukemia cell line. TUHP- . w~as Nleasurcment of HLA-DR cxprcssion on ( ells h\.
cultured in RPM[ 1640 anid 10,1( K'S at I X 10"~ cells/nill LS
wkith or without cytokities. Tubes containing 2 til of cells
were 1u'ýed for "251-IFN--y binding and 96-well plates with Cells, in 96-vheil plates \%ere w~ashed with PBS5 and fixed
0. 1 til volume of' cell suspension per well were used for wNith ethanol. Plates w.ere incubated ". ith So p1/well of PBS
HLA-DR determi nation, containing 1(8 pg/mI human Ic Sipnia Chemincal C'I)..

Humian PBMC were isolated by FicolI-Hypaque density St. Louis. MIO). lf),4 heat-inactiated FCS. (0.05tl¼' T~en
centrifugation of' heparinized blood from normal donors. 20. 5 pl of moiose mAb (anti-HLA-1)R. or 0KM I or Lett
PBMNC were plated at 0.8 to i.5 X 10 cells/well iti 101 at 37 C for 51) min. and '.kere skashcd ti ice \ksith
24-well plates O'or 2%-I-FN-y binding assay) or at 0.8 ito buffer (PBS w.ith 214 heat-inacmt i.aed [CS and 0,.051(
1.5 X( l0"'cells/well in 96-well plates (for l-LA-DR assm'i Twkeen 201. 0.1 ml oit horsecradishpeoia-cnutd
in RPMI containing (10¼, heat-inactivated [CS and al- anti-mouse antibody w~as added to each w.ell and incubated
low~ed to adhere for 2 h at 37'C. Nonadherent cells were at 37 C for 30 mm. Plates were A.ashed three tun1es and the

remve byloir iiorous washings of the cultures. The bon nyewas quantitated at 4 10 rtn M\R6tX) Mi1cro-
remaining adherent PBMC were 95 to 99% esterase-pos- plate Reader. Dynatech. Alexandria. V'A) b\ using 2-2'-
iti'~e cells. Cells were then incubated with cytokines for 16 aýinio-di-(3-ethvlIbeni,thia/oline sulf'onate) and h'.drogen
ito 19 h bef'ore assays of' I2SI-IFN--y binding or for I to 2 peroxide as substrates (Kirkegaard and Perr'. Lab, Gaith-
days before assays of' H-LA-DR expression. ershurg. MD). Controls of another -urface Ac I-Leu \1l

and ()KN I f'or THP- I and rnonoc\ tes,. respectixelk not
IFN--y receptor binding modulated by cvtokine treatments, v.ere included in .each

Binding studies with ~'I5-IFN-y (sp. act. 675 Ciniiiiiol. experimenit.

Amersham. Corp.. Arlington Heights. IL) were performed Results
at 4 C foir 80 min in RPM[ inediuni c intainini! 10¼, heat-
inactivated [CS. 1). 1¼ NaN,~ and 20 mM HEPE'S. For IL-Iiand INF-ay enhance binding of "'If l-N1-y to
Scatchard analysis, THP-l cells were incubated with seven THP-l cells and adherent PHNIC
serial twofold dilutions of- 'l-IFN--y. ranging from 0. 1 to Expression oif' lIN-T receptors onl THP- I cells \%&,a as-
2 nM in the absence or presence (if 250-told molar excess sessed by the binding (of' :-labeled If:N--y. Tablo I sho\%,s
ofu uilabeled human rl[FN- y (Col laborati ve Research. Bos- the eff'ect of' varxing dlose,, of' I.- I arid TN[-aY onl the
ton. MA) ito determiine total anid nonspeLLjiC binding. re- expressiotn of IFN-y receptors onl these cells,. There '.kas
specti velv. The binding reaction Mixture (0.2 till) was then little variation it ilte induction oif' these receptors o' er a
overlaid on a 20'7 Sucroise gradient anid centrifuged wide dose ranige (10l-2tW ng/mI)) of IL.-I. Howevecr. TNF-ot
(1(.0(1X X q~) for 2 min. Supertiatanit containing free ligand at lower concentrations Q2() U/mil) \\as riot effectixe.

wkas rerioived aiid the cpim of' 2 1IF- bound to cells wkas Thus, after 19) h exposure o'f these cells to 1001 ng/ml U1.-I1,
determined by excising tips oft'ubes and counting them in the binding to lEN--y receptors increased ito 146"; oft the
at gaminia-couriter ( Beckman Instrtiments Inc., fIrvine. CA). untreated. niediunm control (Table IL. TNF-mir at 2W() 1. niil
Nonspecific binding usual;lyl dlid riot exceed 25Q( of' the sirniilarlv itncreased the biinding of lFN- Y to its 4eLeptoi b\
toital binding. 147¼ -

Binding of 2'l-I[N--Y ito human ~idherent PB-MC w.as The time course for the enhanceiiient of lEN--y receptors
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Table I Lttle II
Effect oi tarvng (csvs ot 1-1 and TN\F-(t on '2 iEIF\Y binding Lp-rcuiatwon o; If\ -y re( eplo'ý hý itI11 [1 and oni hi~lumal
on THP-I icells peripheral bhlod morn % ti

Speciti Binding" "p(1. i d ';!ýI4
A i tin- -dd ition -r_ _ _

Cprn " Bound I,

Medium 12700 t 800 100 Medium 1 404 ± "0 t(10
IL-I. 10 ng•rnl 18200 ± 1200 143 IL-1. 100 ng'nrl 217(g1 I iou 141

100 n•,/nl 19000 ± 11 00 150 TNF-(, 200( LU.I 22 5)0 ± I70o 144
200 ng.'ml 18600 ± 900 1 46 ý A e n 13 1 1 , 1 -reanl-dW(1 i i( 1 , In

TNF-a. 200( U/ml 14100 ± 900 11
2000 Uiml 18700 ± 800 147 Verage _ SC t;t duk( ,ite- trno oi th,-,

THP-1 cells (2 x 10"' were treated at 37"C tor 19 h before '-5l-1FN- -
binding.

"Average t SD for duplicates from one ot two expermients I"

15000- z-CL n""Wr

z 1UOOO_-

5000

TI F

11 • TNF
C 01
03 7 .. 14-i 0 2 125

125
_______________________I-IFN ~rig~)

0 10 2'0 30 40 FIGURE 2. Binding of 1
2 "-lFN--y to untreated and IL-1

Time (h) t eated THP-1 cells. THP-1 cells were incubated with 30
FIGURE 1. Time cours, of 1

2• 51-IFNy binding to IL-I and nglml of IL-I (0ý) or medium ,3,) for lb h at 37/C. ' 2 -F.'y
TNF-cr-treated THP-i cells. THP-I cells (2 X 10") were in- binding ws dct,_rmined as described in Materials and iveth-
cubated with 100 ng/ml of IL-i (0) or 2000 U/mI of TNF-a ods.

(A) for various time at 37'C. 2 SI-IFN-y binding was deter-
mined with 0.8 nM of 1 '-I-IFN-y, as described in Materials 1.4 X 10") M, whereas 6900 receptors per cell u ith a Kj
and Methods. Untreated cells bound 14,000 cpm of 121_ of 1.5 x 10-"' M were found on IL-l-treated cells (Fiu. 3).
IFN--y. This quantity was subtracted from the bound cpm Thus. the increase in IFN--y binding capacity upon IL-I
shown. treatment on THP- I cells was caused by an increase in the

receptor number and was not due to an alteration in the
by IL-I and TNF-a was also examined. Significant en- affinity of binding. Due to the high doses of TNF-a used.
hancement became detectable at 4 h in IL-1 or TNF-a- we did not assess the affinity of binding in TNF-r-treated

treated THP-I cells (Fig. 1). Enhancement of IFN-,y re- cells by Scatchard analyses.

ceptors was maximal at 17 h.

We next studied the effect of these two monokines on Enhancement of IFN--y-induced HLA-DR expression
the expression of IFN-,y receptors on adherent PBMC from on THP-1 cells by IL-I and TNF-or
normal adult volunteers. IL-I and TNF-ae each increased

the binding of 125 -IFN-y to human PBMC (Table 11). These findings suggested that IL-I and TNF-a might fa-

Thus, the amount of bound 12 1-IFN--y was increased to cilitate the effects of IFN--y. We and others previously

141 and 144% by IL-I and TNF-at, respectively. reported that IFN-y induces monocyte HLA-DR Ag ex-
pression (14-16). We therefore investigated whether the

Increase of IFN--y receptor number on THP-1 cells increase in IFN--y receptors would lead to an increase in
HLA-DR expression on these cells.

Stimulation of 1
2 11-IFN-y binding to adherent PBMC and The basal level of HLA-DR expression was low on

THP-l cells may be due to increased receptor affinity or THP-I cells (Fig. 4). Il-I or TNF-a alone did not induce
increased receptor number. To address this issue, THP-I HLA-DR expression. whereas IFN--y induced HL.A-DR in
cells were incubated in the absence or presence of IL- I at a dose-dependent manner. IL- I enhanced the IFN--y indutc-
37°C for 16 h and binding was assayed (Fig. 2). Scatchard (ion of HLA-DR on THP- I cells by up to twofold at
analysis of the binding data revealed that unstimulated various concentrations tested. Similar results were ob-
THP- I cells displayed 3200 receptors per cell with a Kd of tained with TNF-a and IFN-y,; HLA-DR expression wa,,
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FImlRE or mediumar alonesi oor 48IF-- hidn at un-(lkwr q

trae n tI-rae 0.6 ,, tatld.fDataA-werexpressonfbo[LISA. Dat we L ---- njkI
repiesedatto thGJ e surac e (pesio of aný%D unmdulatedn og bs uni,

* oKM1citisboy IL D4  07Thaad F -. Adi herenet Pn I (L -D
S0.4 expresionwere autrenalthed foresigetnce bfyL- Studeng 1tNsI`-tst

for, pairediu s am loes fr4 at 37(' (p f0115 we )01at

S0.2- Raesut were H -r e xpre entaiveof y A three expri ent oral
C; ize to he enhfancemenprsson Ifan- induce atd LAgD exprin-

~~~~~A expelsso wertre aated e fisfihoLr o TF~ad hnw0.4-F- rsmutneul wsith IL-iande byN- orln!, TF-iu,

~~ L~~Reults-wep rcpedednthatwivh oLf thrTee e LA-Dri induc-

FIGURE~ ~ ~~~~~~~~ ~h 4.enhancement of IFN-y- induced HLA-DR ex hs heewsateprlcorlto btenI-I-o
presINsion on THP- I cells by IL-i an oN-rTH- els( TNF-a-nue wnrae nIybnigand then sub- i
10 E wer cutue in thel preenc ofete ILrsi (10 ng ) ILTNoF-a adthnkt

(2000Z U/mI),. orN- siU/mIeosl ast inicte- Ini- a50 neu-- seqen HLADenanemnt

were ~ ~ ~ ~ ~ ~ ~~n quanttate (odL-aepesinb LS. aa Ehneeta nof shoA-D , eWpesin one tradheent %kt
were-- normalize toa theh surfac exrsso of-a anD unmodc-

lae+nie by sin Le M10 antibodyI (50D411 = 0.2) IM r ONB in cl by acc-ie Nfor and thIctoFoN-y- aoe
reGUREset t4, mEanhancemetheS of INidulcaes. Reslts weex Weufurthere examine themoa corelationshp bfethesen Itokios
rpreseintiv on th reI ell expeime1nds toF(x the- cel IX T F inductdioncrae if MHC- clasding o n d theI from

10')noma wdult volunterrd Cinstn with prurnc previous n/m),T
(rore0i00 incrase wF-y(Um sithdgraterdose of iIFN--y 50nu-e oservantion, thenonctuiem levenft.A-R Ago
taiing these e oprimentsu(m tlon 400 48I The nancmn 37BC. waCutehglls04(i .1 F- ute
ofeqatiae o HLA-DR expression by ytokine waDaxmlata 48nhhaisedmhievent tfheAD earpoussionetrtons tdeested
(data notmlie sh ow . LhesurMfac maprkerso ofo han u mycl- spite prviu report thFatan I N-I osntdretyidc
aelomonoctigells was usin ed asI ancontol, and41 it 0.xp Bre- casIM-Conmrphes(718.eosredtt
rersio n tw s nthema altr db thes cytofinuptreatmens. Ansutiswe-e IWe Iuralonexamignifica thy renhancdt Arsionsisoth e ctokne

prumrtosively blckeaed both theaer doL-I and IFN- aswell as badereaint.BC bv the basalttiv level (of' HL-D Ag o

sinF-a- andt alterided bthLA-D cyoiexpreamnssiontcom- TNf-I alson signducntyenaced HLA-DR expression b oisef

pletely. Furthermore, as with the THP- I cells, both I.-1I and
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TNF-a potentiated the IFN-y-induced HLA-DR expres- established. However. we wcre ahlh to show u1 to tolold
sion at different doses. increas,,es in MHC cliss II Ag expression on I-- I plus,

We also investigated whether the induction of MHC IFN-y as well --is on TNF-o plus IFN-y-,timulatcd mono
class II Ag on adherent PBMC was mediated by IFN--y. nuclear and THP- I cells. Although this, mcrcli represcnt\
This possibility was supported by the complete inhibition a correlation. neverthelev, the rclationship bhct.een the
of HLA-DR expression by anti-IFN-y antibodies when up-regulation in IFN-y binding and class II expre,,sion w"as
IL-I and IFN-y or TNF-a and IFN--y were used (Fig. 5). reinforced by the observation that the latter change could
Anti-IFN--y also abrogated the IL-I -mediated induction of be completely blocked by antibody to IFN-'y. The annbod'
HLA-DR expression on these cells. Collectively, these to IFN--y even blocked the increase in clas, 11 expression
data suggest that increased induction of IFN-y receptors by mononuclear cells, which was induced by IL-I or
by IL- i and TNF-a leads to an enhancement of MHC class TNF-a by themselces, presumably because ,ome of the
II expression on monocytes and THP-1 cells, contaminant T cells produced low Icel, of the llN--y

costimulant. This view is supported by the inability of
Discussion either IL-I or TNF-a to induce MH(" class I1 receptors on

""pure" THP- I cells, despite the up-regulation of the IFN-Y,
IL-I was initially described by immunologists as a mac- binding.
rophage-derived cvtokine with comitogenic effects on thy- These findings arc consistent with a report of a direct
mocytes and T lymphocytes (19). In the intervening years, correlation of the degree of response to IFN-y and the
IL-I has been found to be produced by many other cell
types and to have pleiotropic activities (20). Ironically, the number of IFN-y receptors res to

paradigm that IL- I participates in promoting the activation lower concentrations of IFN-y Other reports on the oag-

of T lymphocytes by APC has been challenged by recent nitudes of induced eytokine receptor levels and their bin-

experiments showing that neither anti-IL-I receptor anti- logic responses vary. For example. TNF-(v increased the
bodies to the type I IL-IR nor IL-I1 receptor antagonist has high-affinity IL-2 receptors on T cells b', 501" and _-n
the capacity to interfere with APC-mediatcd activation of hanced the proliferative response by 30L _6i. Vp to two-

in vitro lymphoproliferation responses (21. 22). Neverthe- fold 5d ( h7 8.o12)eand occasionalls higher le30q k ( -l U ot

less, in vivo administration of IL-I has considerable ad- receptor induction have also been observed. We do not
juvant effects and can enhance cellular (23) as well as know whether IL-I or TNF-a is involved in augmenting
humoral immune responses (24, 25). The basis for the signal amplification pathways subsequent to receptor
immunopotentiating effects of IL-] is therefore now less binding.
clear than ever. IL-I is still believed to promote the pro- The magnitude of the increase of IFN-y receptors b\
duction of IL-2 (26) and the expression of the IL-2Ra IL-I or TNF-a on adherent PBMC or THP- I cells agrecs
chain by T and B lymphocytes (27). IL-I may also aug- with reports of other cvtokine-induced receptor levels
ment immune responses by inducing other immunostimu- (5-8. 12). A number of other cytokines including IL-4.
lant cytokines such as IL-4 (28). IL-6 (29). and TNF-a IL-6, and IL-10 did not induce IFN-y receptors (data not
(30). shown). Thus, this activity was, unique for IL-I and

TNF-ax was initially discovered as a serum antitumor TNF-a. Although the constitutivc level of HIA-DR was
activity (31) and only recently found to have many immu- high in adult adherent PBMC. both IL-tI and TNF-u were
nopotentiating activities that overlap with those of IL-I. capable of increasing this basal level further. The combi-
perhaps mediated by induction of IL-2Ra (32). TNF-a nation of cytokines. either IL-I and IFN-y or TNF-a and
also is a comitogen for thymocytes (33), but unlike IL-I. IFN--y. enhanced the HLA-DR expression even further.
TNF-a has previously been reported to induce IFN-'y pro- This enhanced HLA-DR expression is important for bio-
duction (32) and to costimulate with IFN--y MHC class II logic function because it has been shown that T cell pro-
expression (34, 35). These capabilities may contribute to liferative response to Ag is proportional to the number of
the immunostimulant effects of TNF-a in promoting ti- [a molecules on the surface of APC (41 ).
mor immunity (36) and enhancing antibody production in Reports on the mechanism for the increase of IFN--y
vitro and in vivo (37, 38). receptors by TNF-Lv were published recently (42. 43)_

Our experiments show for the first time that both IL-I TNF-a-mediated up-regulation of IFN-y receptors was
and TNF-cx have the capacity to increase the number of due to an increase in transcriptional activity of the IFN-y
binding sites for IFN-y up to twofold on cultured, adherent receptor gene in THP-I cells (43. Whether ]L-1 is simi-
human mononuclear cells, and on homogeneous THP-l larly upregulating the gene expression for the IFN-y re-
cells. The effect of this increase in IFN-y binding on the as ceptor remains to be ascertained.
yet unidentified signal transducing peptide for IFN--y. The exposure of cells to IL- I or TNF-o had to antecede
which is coded for on chromosome 21 (39), remains to be or be simulianeous with IF'N-y to obtain enhanced
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HLA-DR expression and the increase in IFN--y receptor 10. Dubois, C. MI.,. "' . Ruscetti. S 1.. W Ja~obson, J J.

induction anteceded increases in HLA-DR expression. Oppenheim. and 1. R Keller. 1992 Hiernatopoictic pŽronsth

Furthermore, the induction of HLA-DR expression was factors up-regulate the p65 tspe 11 It.- I receptor on Ni.ne

inhibited byV cycloheximide (out unpublished observation) marrowk progenitor cell% in siro) Blood In prt-N
suggstin tht ne proeinsyntesi is equied or te I1. Shieh. J. H_. R H1. VK Peterson,. J . Warren. and M A S

enuggeeti n ht new p-rotein pyntes isisn M req sudired aorte M oore. 1989. M odulation of colony-st rnuiatiriy factor- I r
enhacemet o HLADR epresion Mor stdiesare ceptors on macrophages l's tumor neciosis tactor J Imm~u-

needed to dlefiniti'vel) show a causal relationship between nol. 143:2534.
the up-regulation of' IFN--y binding and Mi-IC class 11 12. Sanceau. I1.. J. Wijdene%. '* Re% el, and J Wiei~erhin, 1991
exp~ession. However, this pathway does provide an attrac- ILt-6 and 1I.-6 receptor rnodulatio'i b\ Il-N-y and tumnor nc-

tive means by which IL- I as well as TNF-a may exert crosis factor a in human nitonocsNtic cell line 11P- I oJ

some ot their immunoistimulating effects and ma~y contrib- Iflionmfll. 147:2630

ute to the protective effects of IL-I and TNF-a and up- 13. Scatctiard. G. 1949. The attraction of proteins for small

regulation of clas.; 11 MHC by ILAI and TNF-at recently molecules and ions~. Ann. N.Y Acad Sci. 51:60t)
detetedin orma an SCD mie (4, 5).14. Steeg. P. S., R. N. Moore. fl. MI. Johnson. and J. J Oppen-
detetedin orml ad SCD mce 4-4 ~)heim. 1982. Regulation of murinme macrophage la expression

by a lymphokine %%ith immune interfero~n actl%1ts. J 1-itp
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