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ABSTRACT

Expression of the chemokine MGSA/GRO is upregu-
lated as melanocytes progress to melanoma cells. We
demonstrate that constitutive and cytokine induced
MGSAIGROcx expression requires multiple DNA regu-
latory regions between positions -143 to -62. We have
previously shown that the NF-KB element at -83 to -65
is essential for basal and cytokine induced MGSA/
GROoc promoter activity in the Hs294T melanoma and
normal retinal pigment epithelial (RPE) cells, respect-
ively. Here, we have determined that the Spl binding
element located -42 base pairs upstream from the
NF-KB element binds Spl and Sp3 constitutively and
this element is necessary for basal MGSA/GROci
promoter activity. We demonstrate that the high
mobility group proteins HMGI(Y) recognize the AT-rich
motif nested within the NF-KB element in the MGSAI
GROoc promoter. Loss of either NF-KB or HMGI(Y)
complex binding by selected point mutations in the
NF-KB element results in decreased basal and cytokine
induced MGSANGRO(x promoter activity. Thus, these
results indicate that transcriptional regulation of the
chemokine MGSAIGROoc requires at least three tran-
scription factors: Spl, NF-KB and HMGI(Y).

INTRODUCTION

The initiation of gene transcription is accomplished thiouglh L

cascalde of events involvine, sequence-specific DNA-bindilL
proteinis. Many of these ti-ans-activating proteins are expr-essedt in
a cell type specific manner- though ubiquitously expr-essed
[uans-activators can contribute to selective cell specific express-
ion. An additional level ot tralnscriptional regulation has recentlv
been revealled whereby several t[las-activators from1 structul.ly-
distinct fiamilies interact with each other. These interactionls
bestow ai higher level of specificitv to the expr-essioI oft gcnes
containing these multiple regula2totry celilemits.
The ubiquitous eukaryotic Sp I comilplex was initially idenltitfiedi

,As a transcription tactor that bOunld to GC-rIich promoter elemieints
found in niumerous cellular and viral promiloters ( I2) Ther-e hlave
been several Sp-relLated t'fLctors identified including Sp L Sp' and
Sp4, all of which contain ^lIutam1inI1e-rich alnd ser-ine/thr-eotillne-
rich doomilins (3,4). Sp3 is similar to Sp in thalt it recogLi/es Sp

ConIsenIsuLs Cleliemiets inI sCeVeraolprnterS. inClcdliLnl c-mnvc.
UtCl-olobil. Latd the HllV- I and SV4() enhancers 5-8 Since Sp3
Lacks an activation domain, it serves as a I-epressor of' Sp I activity
h\ competitively hinding, to Spl conIsenIsus eleCMCents (5,7,S). In
colntlra.st otilCle gr1oLups haIVeCdlemI1onstrJatCd that Sp3 is a p(ositive
transcriptional I-reglIkItor. th1oughl less potenit th.an Spl (6).
Sp has hccib demionstra-ted to interact with the N-terminal

po-tionl of scvcral NF-KB suLbuLilts (9. 10). Pui-thermorc. Sp
initeracts throIuLIgh its gIlut.aLin1iC-r iCh activatino doimiainis wxith
comllponents otf thic gencral transcriptional 1mach1inlel-ry. inlclidinLI
the TATA hox-hindilln pr-oteini (TBP) and the co-activator
TAFPI 10 ( 11-1 3). The retinohlastoma (Rh) protein has beci]
demiionistrated to intel-aLct wAith both Sp I and Sp3 to 'supernactivate'
promoters conltainine retinoblalstom.a conitr-ol elemiienits ( RCIP
(6. 14, 1 5) 'I'he Sp l heter-otvpic interactiols with such hindin1L
proteills, "As \ell as homotvpic interactiols, have beenl postulated
to oCCLur eithler dir-ectly or thlrough2l tthe Sp) comilplex hendingi aiuc
loopine out intelrVen1ino DNA (9 ,1 6- 8)

Several transcription accessory f'aLctor-s in addition to Sp l have
beenl idenitit'ied that bend DNA to facilitate the formation ot'these
hiLheer order nuCepoteinC com1plcxes ( 192'). Such accessory
factors include the hig,h mobility g^roup proteills HMGI(Y) which
aLre nion-histone chromosomal proteins that specifically recogni/e
the m1in1or (er0oo0vc or- AT'-i-icih portions of' DNA,\ (2 25 ). HMGI( ')
le\els aLr-e elevated in rapidly groWing' unlditt'erenitiated andl
transformed cells ( 2h-8 ). HMGI ') has heen postulalted to
initer-act vatorAa Ch'icl s throughiltltwith DNA maljor glroove bindlinet [ranE1s-acti.to thuel
its c'idic C-terminal domainn (25,29). SuLChI inWteractions cont ib-
uIte to the stabhili,iatioin of' protein-proteil Comllplexes boulnd to
thlir' conlsenlisus clemcents. This has becn demonstrated for tthe
IFPN-[3 and E-selectiln promloters., wherc induLctioni i-cqulires
cooperativity between the HMGIAY) NF-KB atind ATF-2 trans-
criptional comiplexes. HMGI( Y) illcrealses the at'finity of' NF-KB
or ATF-2 to the IFN-3 PRDII aniid PRD)IV elements (30.31 ) antd
to several NF-KB "AndLidja ent elciments in thie F-selectill cenevs
(32.33). Interestinlyv. the MGSA/GR() cencs have scveral DNA
-CeIglaitolr CeCIllelmts vhose bindin t'factors have beeni implicated
in DNAIN hending, and constitUtiVe tlrLasacWti\\tionI inCliding, Sp
(C/EBP-likc, NF-KB aLntd putat.tivc HNIGh(Y) hinidillne clements.
'h'lec closel\ r-elatecl IL-8 cene is similar w\ itlh the exceptioni that an

AP- I consensus elICemlt is loCatetd Wherc thie Sp] clemicint is
t'(luLndt within MGSA/GROtz (34.35)
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The chemokines MGSA/GRO and IL-8 play a major role in
mediation of inflammation and wound healing as potent chemo-
attractants for neutrophils (36-40,41 for review). Altered express-
ion of these chemokines appears to be enhanced in several
inflammatory and tumorigenic processes (41-43 for review).
MGSA/GRO expression is upregulated as melanocytes progress to
malignant melanoma (44-46). Furthermore, both MGSA/GRO and
IL-8 serve as autocrine growth factors for several melanoma cell
lines (37,44,47-49). The murine MGSA/GRO homolog MIP-2
exhibits constitutive transcription in B 16 melanoma cells (50). The
NF-KB element located -40 base pairs (bp) from the TATA box
region is a major contributor to the basal and cytokine induced
MGSA/GROcx and MGSA/GRO3 promoter activity (51-53).
The work described here characterizes the role of the Sp I and

HMGI(Y) binding elements in addition to the NF-KB element in
MGSA/GRO(x transcriptional regulation in both normal retinal
pigment epithelial (RPE) cells and the Hs294T melanoma cell line.
We show that both Sp 1 and Sp3 constitutively recognize the Sp 1
consensus element in the MGSA/GROoc immediate promoter and
contribute to the basal MGSA/GROoc expression. HMGI(Y) also
binds constitutively to the five nucleotide AT-rich region nested
within the NF-KB element in addition to the NF-KB p50 and
NF-KB p65 heterodimer complex. Loss of either HMGI(Y),
NF-KB or Sp I results in decreased MGSA/GROoc promoter
activity, suggesting that these complexes collectively contribute to
the transcriptional regulation of the chemokine MGSA/GROo.

MATERIALS AND METHODS

CAT reporter gene and expression vector constructs

MGSA/GROcx deletion promoter and mutant NF-KB MGSA-
oc350/CAT constructs were described earlier (5 1 ). Mutation of the
NF-KB element in the AT-rich region in MGSAcx350/CAT was
achieved by recombinant PCR using the primer mAT-2
5'-CTGGAACTCCGGGATTCCCCTGGCC-3' and its comple-
ment. Further deletion promoter constructs of the MGSA/GROcX
promoter were made by subjecting MGSAoc350/CAT and mutant
NF-KB MGSAoc350/CAT to Exonuclease III digestion to gener-
ate a series of 5' deletions of MGSA/GROoc promoter from the
HindIll site in MGSAoc350/CAT (Erasabase, Promega).

Site directed mutagenesis was utilized to generate mutations
within the Spl and NF-KB elements using the Altered Sites in
vitro Mutagenesis System (Promega). Briefly, the MGSA/GROoc
350 bp promoter fragment was subcloned into pALTER- 1. The
resulting plasmid was subjected to mutagenesis using the
oligonucleotides mGC-4B, mAT-B and MGSAuxmSp I described
below. The expected point mutations were confirmed by restric-
tion enzyme digestion and sequencing. The MGSA/GROoc 350
bp fragment containing the point mutations was then subcloned
into the HindIII site of pPLFCAT (54,55). The NF-KB p65
expression vector was as previously described (56).

Transfection and CAT reporter assay

Hs294T cells were obtained from American Type Culture
Collection (ATCC) and cultured as described (51). Retinal
pigment epithelial (RPE) cells were cultured as described
(51,57). Both cell types were co-transfected with 10 Ig of the
indicated MGSA/CAT fusion genes and 2 ,ug of pCMVhGH
(obtained from Dr Lynn Matrisian, Vanderbilt University) which
allows for normalization of transfection efficiency by measuring

Table 1. Sequences of oligonucleotides used in gel mobility shift analyses
and site-directed mutagenesis

ISGOB 5'- TCG ACA GAG GGG ACT TTC CGC AGA GGC -3'

IL-8 -101/-63 5'- G GGC CAT CAG TTG CAA ATC GTG GAA TTT CCT CTG ACA TA -3'

MGSA(x -97/-62 5'- GGG ATC GAT CTG GAA CTC CGG GAA TTT CCC TGG CCC -3

mGC-4 5'- .. C T.. AA. -3'

mGC-4B 5'.....................AA. GG 3'

mAT-2 5'- ... G. ..C -3'

MAT-B 5'- .. C ... -3'

MGSAGxSpl 5'- ATA AGC TTC CAC CCT GGG GGC GGG GCC GTC GCC TT -3'

MGSACrmSpl 5'- .. TT. -3'

Spl(SV40) 5'- CTG GGC GGA GTT AGG GGC GGG ATG GGC GGA GTT AG -3'

Wild type MGSA/GROuo and IL-8 sequences are shown. For each mutated
oligonucleotide, nucleotides similar to MGSA/GROa are indicated by dots
and the mutant nucleotide sequences are shown. The IL-8 oligonucleotide
represents sequences -101 to -63 from the human IL-8 promoter (63). The
MGSAox promoter sequences shown are from -97 to -62 (5 1). Mutations in
the MGSA/GROa NF-KB element include mGC-4. mGC-4B, mAT-2 and
mAT-B. The Sp I oligonucleotide represents the SV4t) promoter SpI enhancer
(I ). The MGSAuSp I and mutant MGSAUx Sp I oligonucleotides represent se-
quences -139 to -I I() from MGSA/GROa.

growth hormone (GH) secretion by immunoassay (Nichols
Institute). Transfections were performed by the calcium phos-
phate co-precipitation method (58). CAT enzymatic activity was
assayed as previously described (54). The percent [ 14C-1-chloram-
phenicol converted to acetylated forms was determined by
phosphoimage analysis (Molecular Dynamics).

Radiolabeled and competitor DNA

Oligonucleotides were synthesized on a Milligen 7500 DNA
synthesizer (Diabetes Research DNA Core, Vanderbilt Univer-
sity). Equal amounts of each oligonucleotide and its complement
were annealed in STE (10 mM Tris-HCl, pH 7.8; 1 mM EDTA,
pH 8.0; 200 mM NaCl) by boiling the oligonucleotides in a water
bath which was slowly cooled to room temperature (-4 h). The
oligonucleotides (coding strand) are shown in Table 1. Probes for
gel mobility shift analysis were prepared by radiolabeling 100 ng
of annealed oligonucleotides with T4 polynucleotide kinase.

Nuclear extracts and DNA binding assay

Nuclear extracts were prepared from Hs294T and RPE cells as
described (5 1). Whole cell extracts from COS cells transfected
with either CMV-HMGI or CMV parental vector were collected
by vigorously shaking collected cell pellets in 50 mM HEPES, pH
7.0; 250 mM NaCl, 5 mM EDTA, pH 8.0; 0.1% NP-40, 1 mM
PMSF, 1 jg/ml aprotinin and 5 jtg/ml leupeptin. Recombinant
HMGI was produced from the HMGI pET 1 5b vector as
previously described (31). The HMGI(Y) binding activity was
performed by incubating radiolabeled probes with nuclear
extracts in a modified binding reaction buffer as described (10
mM Tris, pH 7.5; 50mM NaCl; 5% glycerol) (3 1) and 0.5 jig poly
dG-dC:poly dG-dC (Pharmacia). Where indicated, nuclear
extracts were heat treated at 52°C for 3 min prior to the binding
reaction as described (59). Antibody analysis involved pre-incu-
bating the binding reaction buffer with the antisera for 5 min prior
to addition of the nuclear extracts for 45 min at room temperature.
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Labeled oligonucleotides were then added andi reactionls Were
fLurther incubated fotr 15 mnin at roomI teimperaLture prior to anilylvsis
by electrophoresis at 4WC in a non-denaturinn 6%4 polya'LcrylLiaide
gel in 0.Sx TBE (45 mM Tris, pH 8.0( 45 mM boriv .Iccid: Ltind 1
mM EDTA, pH 8.0). Gel mobility shift analyses of Spl binding
activity were perforimed as described earlier (5 1 ). Sp I Ltand Sp3
antibody aLnnalyses wer-e peiformed by incubating nucleair extraLcts
with appropriate antiseraL 15 Min at roomi temlipcr.ature prior- to
addition of radiolabeled probe. Atter a 1 5 miii Ioomi temnper-ature
incubation, samples were analyzed by clectrophoresis ait room
temperature in a lx TGE (25 mM Tris. pH 8.0. 190g)(Nlyilv c
and I mM EDTA, pH 8.0) 6%Af polvacrylaminlde gel.

DNase I footprinting

Footprint analysis was done according to estlblished prOCCdCurIC
(60) with the exception that the DNase I reactions were stopped
by the addition of 2x proteinase K buffer (10 ilmM Tris. pH 8.0:
20 nmM EDTA: 100 imM NaCI; ().2(/( SDS: 0.4 nig/ml proteillnLse
K). The binding buffer- used foir the footprinit reactionis was
identical to that described for the gel mobility shift assays with I
mM CaCh and 2.5 mM MgCl2. The probe was a 220 bp
AvuoI-Hiuidlll fraoment of the MGSA/GROux promiotel- in
Bluescript SK- (Stratagene). The Airoll site wa's end-labeled
using T4 polynucleotide kinase. Each footprinit reactioni con-
tained 5000 c.p.m. probe, 25 tg poly dI-dC:poly dl-dC (Phalrm-lia-
cia), and 200 pg protein extract in 100 p[ binding buIffer. For
oligonuCleotide competition. unIaibeled anneaIled olhionuCleo-
tides at 50- or 500-fold excess were pre-incubalted with extr-acts
15 min prior to labeled probe additioIn. Oligonucleotides included
MGSAouSpl MGSAoumSpl MGSAu-97/-62Land mGGC-4 (see
Table I fo'r sequences). DNase I treatimnent was with 0.75 li lor 2
min at 25 'C. Nuclear extracts used in the footprint reactions were
prepared essentially according to the method of Dignanii e t ci.
(61), except that buft'er C contained 0.52 M KC1. Following
proteinase K digestion for 2 h at 37'C. the DNA wAas purified by
two extractions with phenol/chloroform in the presence of ().375
M sodiunm acetate and 25 ptg/ml yeast tRNA (Sigma). The
aqueous phase was then precipitaited as desc-ibed (60). Footprint
reactions were separated on a 7.5%4 polvacryl'amide, 8 Ni ul-ea
sequencing gel, together with a MaxaLm-Gilbet-t G+A sequLencing}
tract to provide orientation.

Antibodies

Spl, Sp3, C/EBP, NF-KB p50. NF-KB p52 Land NF-KB p65
antisera were obtained from Santa Crul. An additional Sp3 tintisera
was the generous gift of Guntramii Suske and wAas ais described (8).
HMGI(Y) antisera was the genel-ous gift of Raynmoid Reeves
[designated HMGI(Y)- I] and was as described (62). Additional
antisera to recombinant HMGI(Y) Idesignated HMGI(Y)-21 and
the appropriate pre-immune antisera were the oenerous ,ifts of'
Diniitris Tha_nos and Tom Maniatis aind were as describedl (3 I

RESULTS

DNase I footprinting reveals Spi and NF-KB enhancer
regions are protected

We and others have previously shown that the NF-KB cnhanicer-
was essential for constitutive and cvtokine induced MGSA/GRO
gyene transcription (5 1-53) Sequence analysis of the immedilte

MGSA/GRo(u promuoter revealed seCVer-al consensus elemllellts in
addition to the NF-KB elemilent (Fi(e. A ). In paXtiCular. a. perlect
consensus site wa.ls idenitified for the Sp] transcription t.actor.
FLutther-morc, thicre were weak nuCleCIotide simillaritics with the
NF-1L6 hinding, elemenit identified in seeVral other imImIIIunLe
respouse nC11Cs including IL-8 atnd IL-6 (63.64). Tno deter-miline
whether thesc identiticd reCLionIs wNere reco0eniz/cd hb DNA-hincd-
ilnlg proteiis. DN(ase I footprint cxpc-iiments were pertrm0red
usin1e untreated a.nd IL- 1 stimulated Hs2'94T mielanomla cell
nuLIclear extracts Lind a 2 )) hp Avl 1I-Hi'didl II -estriction t-ramentilt
eincornpassing' the Sp I anid NF-KB sequelices. Footprinit anialKsis
resulted in two detectaLble protected reioiis (Fio. I B). Sill-ilair
r-Cslts were ohserved uLsiItie the identical restriction fragnient and
nucleLr extracts froiii IL- stilulalted RPE cells (data tnot shownii).
Furtheriiiore. the addition of wild tv pe Sp oligIonucleotide ( Sp I
ait 30- oI- 500-fold excess I-CSulted in a loss of the protected reg10io1
B while niutnIlt Sp oligonucleotidIe (imSp ) had no atfect (Fig.
I B). Likewise. coIllpetitioni with aI oligonucleClotide encomipass-
iLi MGSA/GROcc -97 to -62 resultedl in loss of the protected
i-ecioni A while at simillar oligonucleoticie with poiiit mutaItionl.s in
the NF-KB recoion hatd iio effect ( Fie1. B). This inidicatedt that the
two recions recognized hby nlLcle- I)NA bindilln pi-oteills wvere
specific foir the Sp I nti NF-KB elemicents.

Spi and Sp3 complexes interact with N1GSA/GRO(u
enhancer region

Gel imnobilit\ shift ainalvses with RE nuclearC- eXtr-aCtsiS iidicated
two comnplexes bouLntd to aiioll i0o)nuleCotideContaMi1n1g the
MGSA/GROu SpI coiisenisus clement (Fig. 2A). Additioii of
either- 50- or 1000-fold excess MGSA/GROu Spl 0oligonuclCo-
tidc cornpletelv elirniinated the two comiiplexes (Fig. 2A). We have
also observed thait 504-tId excess of( V40 early pronioter- Sp
oligonucleotide ( I ) reiiioved the two coiiiplexes. Additioii of 50-
or 1000-fold excess MGSA/GROu. SpI oligon0ucleotide with
point iiutationis iii the Spl CoIIselIsSis elemIenlt did lint alffect the
hiiidie_ oif the two bouLtic Coiiplexes (Fig. 2A Inclusioll of Sp 1
antisera in the bindine reaction reSulted ill a partial elirnination of
the upper comilplex. while Sp3 antisera elimiiiated the lower
co)iiplex and diniiiiishecd the uipper ComIIplex (FFig. 2B) An
aidditional Sp3 aintisera 8 also remi-oved the lower coiiiplex aind
pali-tially eliminated the upper- comilplex (datailot shown). As
nee^.ative controls, pre-im11u11ine and NF-KB p50 antisera were
included in the biidine reaction: nevithel- hadtl aii effect on the
hoLliid conilplexes (Fi. 2B ). These r-esuIlts intdicatedi that both Sp 1
and Sp3 specifically recognize the MGSA/GROcx Spl eleiiieiit.

Effect of SpI loss on NIGSA/GROoz promoter activity

Previous deletion analysis ot the N'IGSA/GROo proiiiotel
deiiionstrated that the NF-KB eleiiciit atnd iiiiniediately ad'jacreit
rc'io)Ios located betweeii -100 and -43 in relation to the
transcription start site were essential for btasal anil cvtokine
indluctioll (5 1 ). Morec detailed deletion alal\ sis of the MGSA/
GROox 350 hp proliioter- reTioli inilicated thalt the reioli 42 hp
uLpstreani of the NF-KB eleiiient also sienificanitly contribLited to
the hasal CAT proniotel- activity (1un1published o)bserva.Itions). This
regdion containus the Sp eiihiancer- regioli that is protected in the
DNase tootprint analysis (Fig. I B ). To dleter-itiic the role for this
Spl enhancer regioii iii MGSA/GRo()x regulaltion. wC created
po)inIt Iiiutaltiotls in the Spl conseiisIs elemenilt within MGSA-
xl30V/CAi. Wild tynpe aind niutaint Sp1l MGSAcx3N5/CAT wer-e
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A
0 B

-166 CCCCCACACCCCACCCGCACCCCAAGCGCTCCACCCTGGGGGCGGGGCCGTCGCCITCCT

A Sp1

-106 TCCGGACTGGGGATCGATCTGGAACTCCGGGAATTTCCCTGGCCCGGGGGCTCCGGCTTT
NF-IL6-like NF-KB

-46 CCAGCCCCAACCATGCATAAAAGGGGTTCGCGGATCTCGGAGAGCCACAGAGCCCGGGCC
TATA box °

+16 GCAGGCACCTCCFCGCCAGCTCVICCGCTCCTCTCACAGCCGCCAGACCCGCCTGCTGAG

+76 CCCATGGCCCGCGCTGCTCTCTCCGCCGCCCCCAGCAATCCCCGGCTCCT7CGAGTGGCA
Translation start codon

.*...:F..

.....

Figure 1. DNase I footprinting of the MGSA/GROat promoter reveals two
protected regions. (A) Sequence analysis of the MGSA/GROax promoter.
Consensus DNA binding elements are underlined and indicated. The arrow
represents transcriptional start siite. Open circles represent MGSA/GROaC
promoter region present in the Avcill-HindIll restriction enzyme fragment used
in DNase footprint region; closed circle indicates initial nucleotide in

Maxam-Gilbert G+A tract shown in accompanying footprint. The translation
start codon is indicated. The protected regions A and B identified by DNase I

footprint are indicated by the labeled boxes. (B) A 220 bp Aioll-HindIII
fragment of the MGSA/GROrt promoter was incubated with nuclear extracts
(2()0 ig) from either unstimulated (NT) or IL-I (5 U/ml) stimulated (IL-1)
Hs294T cells. After DNase I digestion of the binding reaction with extract or

probe alone, the DNA was isolated and subsequently separated on 7.5%
sequencing gel. Where indicated, either 50- or 500-fold excess of a 35 bp
oligonucleotide containing the MGSA/GROa Spl or mutated Spl element or

a 36 bp oligonucleotide containing the NF-KB or mutated NF-KB element was

incubated with the nuclear extracts prior to labeled probe addition (see
Materials and Methods for oligonucleotide sequences). A Maxam-Gilbert
G+A sequencing tract of the labeled probe was included for orientation. Two
protected regions (A and B) present in nuclear extracts as compared to probe
alone are indicated.

transiently transfected into either RPE or Hs294T cells. Cells
were then left unstimulated or IL- 1 stimulated for 24 h prior to
collection. Upon mutation of the Spl element, there was a
substantial decrease in basal MGSA/GROox promoter activity in
both the RPE and Hs294T cells (Fig. 3). Upon IL-I stimulation,
a similar fold induction was observed with either the wild type or
mutant SpI MGSAcx350/CAT transfected cells, though the level
of CAT activity was lower for the mutant Sp 1 construct (Fig. 3).
These results suggest that cytokine increased MGSA/GROux
transcription was not dependent upon the Sp 1 element, though
basal MGSA/GROox transcription in normal retinal pigmented
cells and the Hs294T melanoma cells did require the Spl
consensus motif.

Characterization of HMGI(Y) bound to MGSA/GROoc
NF-KB element

In addition to Sp 1, the DNase I footprint and promoter deletion
analyses indicated that the downstream region containing the
NF-KB element was involved in MGSA/GRO promoter activity
(Fig. 1 B) (51). We previously determined that NF-KB complexes
containing both NF-KB p50 and NF-KB p65 significantly
contributed to MGSAIGRO basal and cytokine induction in RPE
cells and basal promoter activity in Hs294T cells (51). Close
examination revealed that the consensus sequence of the MGSA/
GRO genes and the closely related IL-8 gene NF-KB enhancers
was identical to the IFN-3 NF-KB element (PRDII) from the
non-coding strand (31). Previous work demonstrated that viral
induction of IFN-P3 through the PRDII region required both the
binding of NF-KB complexes and the structural HMGI(Y)
proteins (31). We were interested in determining if HMGI(Y)
binds to the MGSA/GROcx NF-KB element in addition to the
identified NF-KB complexes. Gel mobility shift analyses of
nuclear extracts from unstimulated and IL- I stimulated Hs294T
cells were performed using an oligonucleotide containing the
MGSA/GROcx NF-KB element. The unstimulated extracts re-
vealed multiple DNA-binding complexes which we previously
identified as NF-KB (51). IL-I stimulation resulted in a signifi-
cant increase in the NF-KB heterodimer complex and the
appearance of a fast migrating doublet (Fig. 4). This doublet was
identical to that previously seen by others as the HMGI(Y)
doublet bound to DNA (29,31). Similarly, IL-I stimulation of
RPE cells increased both the upper NF-KB complexes and lower
doublet (data not shown).

Since HMGI(Y) recognizes AT-rich regions, poly dA-dT:poly
dA-dT was included as a specific competitor. In addition,
HMGI(Y) binding is heat stable at 52°C (59); therefore, we heat
treated the nuclear extracts at 52°C for 3 min. Binding reactions
with heat treated extracts resulted in a significant loss in binding
of the heat labile NF-KB complexes with the lower doublet
retained (Fig. 4). The addition of poly dA-dT:poly dA-dT
completely eliminated the lower complexes present in both
extracts with no effect on the upper NF-KB containing complexes
present in IL- I stimulated Hs294T nuclear extracts (Fig. 4). The
heat stability and competition by AT-rich sequences suggested
strongly that the lower complexes were HMGI(Y) related.

In contrast to results described in Figure 4, the fast migrating
doublet was detectable in cells that have not been stimulated with
IL- 1 (compare Figs 4 and SA). The elevated presence of the
NF-KB pSO/p65 heterodimer suggests that these Hs294T cells
were being actively stimulated by secreted factors. Generally,
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Figure 2. Characterization ot MGSA/GROo. SpI enhalicer specific Complexes. (A Ixtracts L5 pf-) fromii either unstillmulated (NT) or 5 L /ml 11,-1 stitmila.tCd (t11-I
RPF cells were incubated with -() ()()() .p.m. 32P-radioloheled MGSA(Sp oligonCleCoticde pr-obe for 15 min at roonti temperatUre. Prior to addition ol the inircated
probhe. InlIabeledi Sp Sp I o uLItant SI lSp olligonClotidC at ithelr 50- or (00) )c-ld cxcess were ilC Lihbated i th the 11 - IInClar x11t- Cts for 11 a"It .01 H)1
temiiperature. (B) IL-I stimu-lated RPE nuclear extr-acts (5 L1g) were pre-inLcbated \ otth eitther- pre-mimlieLIFIC sCruimi (P1) or antisera to Sl tusp Sp3 uSp3')
comilbination of both Sp antiseraL (aSpI +aSp3)I orNF-IKBp (UNF-K ) (I or to laeled probe aitio. Resltill protcin I)NA cttiplexes wcrc
separated on x TGE polvacrylarnide gels.

RPE cells in culture can be arrested such that there is cvtokine
induction of the binding of HMGI(Y) aLnd NF-KB complexes.
To confirm the identity of the retarded comiiplexes. we

performed gel mobility shift aLnalyses with Hs294T nuIClear-
extracts pre-incubated with various NF-KB ntiid HMGI( Y)
antisera. Non-specific controls included pre-imlllune and C/EBP-~
antisera. Poly dA-dT:poly dA-dT oligonucleotides were inCludied
as a positive control. As prev iously demiionstriated. NF-KB p5(0
and NF-KB p65 bound to the MGSA/GROz cihaltlcer- dreOto
(Fig. 5A) (5 1). while NF-KB p52 and c-i-el were niot comiiponenlts
of the bound cotmplexes. Two separate anti-HMGI(Y) aLntisera
eliminated the doublet bound to the MGSA/GRo(u wild type
NF-KB element (Fig. 5A aind B). The HMGI(Y) antisela
developed by Thanos and Mlaniatis Idesignated (xHMGI(Y)-21
also interfered with the binding of the uppCer ComIplexes. while the
HMGI(Y) antisera developed by Raymlondt Reeves Idesionated
uxHMGI(Y)-I did not (Fig. 5 B). These data demiionstr-ated the
presence of HMGI(Y) and NF-KB bould to the MGSA/GROu
enhancer region.
To further characterize the HMGI( Y) comnplexes bouLid to the

MGSA/GROoc NF-KB element, we exarrtinled the binding ot C'OS
cell expressed HMGI to this element. Briefly. CCOS cells were
transiently transfected with a CMV-driven HMGI v7ector. Immlluno-
blot anialysis inidicated that COS cells tr-aLnisfected wxith the CMMV
parental vector have a low aimounit of HMGI( Y) thait is
significantly increased upon transfection of the CMV-HMGI
vector (data not shown). Gel shift analyses performledi by
incubating a radiolabeled MGSAux-97/-62 DNA probe with the
COS whole cell extracts indicated a predomninant tast mige-atinLe-

complex which migrated like the HMGI(Y) doublet idtentitied in
Hs294T 1nLuclear- extracts (Fig. 6). TI'his comlplex was elimiiinated.
hv hoth HMGI( Y )- I atntiser-a and hy collmpetitioll with AT-riech
sequences (Fig. 6). We hlave also observed that rccombihinant
HMGI smilarly recoanizes the MGSAux-97/-62' oli0onIuLclCotide
tnielcl shift anialysis. Thcse datafturl-ther- demilonistr-atcd that thec
HMGI(Y) complex is boundi to the MGSA/GRo(ux NF-KB
clemiienlt in addition- to NF-KB.

HMlGI(A) recognizes AT-rich motil nested within
N1GSA/G(ROuy NE-KB element

HMGI(Y) bintds selectivcly to strctches of A-\T-rich regiols ot
DNA: thcrcforc. HMGIAY) recoerti/es onik thosc NF-KB el-
emcncts with AT-r-ichI CenltCl-s suLIC s prev-CVioslySi identitied for- tl]c
IFN-3 an(d E-selectill promoters (31 ). Likewisse Lewis ct al. have
also demiionstr-aLtecd that HMGI( Y recoe-nizes thc AT-rich NF-KB
cleimecints in thc E-selectill prom(ttcr ( 33 1. The MIGSA/GR() aLntd
IL-S (cenes have this idenitical AT-iich reion nestedt withini the
NF-KB elemiet ( Fig. 7A ). Point r11t-ttations in MGSA/GROu
NF-KB clemilenit wer-e madelcinl the oLutCr G(C-ri-Ch repioni (imiGC-4.
niGC-4B) or the ininier- AN-i-ch recioln imiAT-2. mIAT-B). Thle
mutationi inAT-2 coInver-ted the MGSA/GRo(x NF-KB elemilent to
the NF-KB enhaniicer tfonLnd in the H-2 cl ass I ni,tajor histocolmipaiti-
hilitv (en11C (65). a,Lnd the mu11-tanit mAT-B sCCIIequenc creattedt the
immI1unlO,ioglobui K light chaiin NF-KB enihanicer- (66) (Fig. 7A).
Gel ml0obility silift an11alylNSCs uItiliZinetJ thIese muLtanlit anid Wild type
oligotLtclecotide probes iICLtbated with Hs294T 1nLuCleaIr Cxtra'c ts
itudicaited mull.tipleC 1nLclear- tfactol comlelv xCs (Fig. 7B ). As



Nucleic Acids Research, 1995, Vol. 23, No. 20 4215

Figure 3. Effect of Sp I loss on MGSA/GROo promoter activity. Hs294T and
RPE cells were transiently transfected with 5 zig of either wild type
MGSAa350/CAT (WT) or mutant SpI MGSAa350/CAT (mSpi) and 2 jg
pCMVhGH as described in Materials and Methods. Approximately 48 h post
transfection, cells were either left unstimulated (NT) or stimulated with IL- I (5
U/ml) (IL-I) for 24 h prior to collection. Transfection efficiencies were

normalized by immunodetection of secreted growth hormone. Results are

expressed as percent CAT conversion with standard deviations of error from
three separate transfections. Results for the Hs294T cell transfection were

MGSAca350/CAT wild type control (7.06±1.37), IL- 1 (8.54±3.85); mutant Sp I

control (0.63+0.31), IL-I (1.11+0.13). Results for RPE transfection were

MGSAax350/CAT wild type control (7.15±2.90), IL-l (24.92+0.84); mutant
Sp I control (1.04+0.15), IL- 1 (6.39±1.25).

demonstrated previously, both HMGI(Y) and NF-KB were

detected bound to wild type MGSAcx-97/-62. NF-KB complexes
remain bound to mAT-2 and mAT-B probes; however, HMGI(Y)
binding was lost. The NF-KB p5O/p65 and NF-KB p65 complexes
no longer recognized the mGC-4 and mGC-4B oligonucleotide
probes; however, HMGI(Y) remained present (Fig. 7B). The
residual binding to the mGC-4 and mGC-4B oligonucleotide
probes (Fig. 7B) was not NF-KB related since several NF-KB
antisera did not eliminate the residual retarded complexes, nor did
purified NF-KB p65 recognize these mutant oligonucleotide
probes. Separation of the binding reactions on Tris-glycine gels
allowed a better resolution of the NF-KB complexes (51) and
revealed that the mAT-2 oligonucleotide bound significantly less
of the NF-KB p65 homodimer, though the NF-KB pSO/p65
heterodimer was retained (data not shown). With these electro-
phoretic conditions, HMGI(Y) binding was not observed. The
loss of the NF-KB p65 homodimer is presumably attributable to
the conversion to a weak NF-KB p65 homodimer binding site
(67). In summary, analyses of the point mutations created within
the MGSA/GROoc NF-KB element by gel shift analyses demon-
strated that the NF-KB complexes bound to the outer GC-rich
region while the HMGI(Y) complexes specifically recognized the
inner AT-rich region.

Effect of HMGI(Y) and NF-KB loss on MGSA/GROox
promoter activity

Recent work illustrated that loss of either NF-KB or HMGI(Y)
binding to the IFN-f PRDII region resulted in loss of viral
induction (31). We have previously shown that the NF-KB
complex binding was necessary for both basal and cytokine

Figure 4. Fast migrating doublet binds to MGSA/GROot NF-KB enhancer
region. Nuclear extracts from either unstimulated (NT) or IL-1 (5 U/mI)
stimulated (IL- 1) Hs294T cells were incubated with 20 000 c.p.m.32P-radiola-
beled MGSAa-97/-62 oligonucleotide. Where indicated, extracts from un-

treated or 52 C heat treated nuclear extracts were pre-incubated with 50 ng poly
dA-dT:poly dA-dT (200-fold excess) for 15 min prior to addition of
radiolabeled probe for 20 min at room temperature. Resulting protein-DNA
complexes were separated on 0.5x TBE polyacrylamide gels. Similar shifted
complexes between the two gels are indicated by joined brackets.

induced expression ofMGSA/GROoc (5 1). We were interested in
determining whether MGSAIGROoc gene regulation required
HMGI(Y) binding in addition to the NF-KB complex. Using the
NF-KB point mutations demonstrated to hinder either HMGI(Y)
or NF-KB complex binding by gel shift analyses, we created
mutant NF-KB elements within a CAT reporter construct
containing 350 bp of the MGSA/GROcx promoter. Point muta-
tions in either the outer GC-rich (mGC-4) or inner AT-rich
(mAT-2, mAT-B) NF-KB regions substantially reduced basal
MGSA/GROcx promoter activity to <30% of wild type promoter
upon transfection into Hs294T cells (Fig. 8A). Likewise in RPE
cells, a similar decrease in basal expression was observed for
mGC-4 and mAT-2; however, mAT-B did not significantly effect
basal MGSAoc350/CAT expression (Fig. 8B). Mutations of the
NF-KB element in either the GC-rich (mGC-4) and AT-rich
(mAT-2 and mAT-B) regions significantly diminished IL- 1

induction of MGSA/GROcx promoter activity (Fig. 8B). These
results demonstrated that the MGSA/GROa 350 bp promoter
region required both the NF-KB complexes and HMGI(Y) for full
cytokine induction.
Thanos et al. have demonstrated that HMGI(Y) enhanced

NF-KB pSO/p65 heterodimer binding to the IFN-1 enhancer
region in vitro. Furthermore, reduction of HMGI(Y) protein
levels by antisense expression did not allow NF-KB pSO/p65
heterodimer transactivation of the IFN-3 promoter in transient
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Figure 5. NV --KB and HN1GI(Yt) btild siioLtriCLo1sts to NIGSA/(iR()o. NV--KB
nihainacet- re_ioti (A) N uIClear extuaWcts tii-0ii CithCl Linstimildatcc (NT) or IL.-

stiMLIlated (IL-1 Hs2>4T cells wer incLubtclt ssith raidiolabelecd NIGSACGRO-
ax-97/-62 oligonctcleotide probe. Prior to probe acddition. 1nLuClear eXtu'aCtus \ssere
inCtLbated with eithei- pr-e-imimiiune antisera (PI) the indicItedl antiserat;. Orl'

ctA-dT:pols diA-cIT its descnribed in Matenials aitid Methods. The tower pallel is ai
lessel- Liitoradlio-raph exposLire of the indCrtnet Lippet region of the tcl sliltt
WB) Priorto probe adtilition, lear extr-atCstS Cnl-cI iLih.lted with eithel p -c-InlI Ilcinet
(PI) HMGI(Y)- om HMGI( Y )-2 antisera. The tCsiititt pr)teinl-D)NA Co1mplex;Ces
were septrated onI (Ox TBE polvacrtamiic gcks The NF-KB comiple.xes are

dcesienatecd. as is the flister miLratite HNIGI( ciibet ne.ar th tfree prohe.

transfection assays (31). To deterimiine whether HMGI(Y) has
such a role with MGSA/GROux activation, we co-transfected
various MGSAux350/CAT constructs with point mutations in the
NF-KB element with an NF-KB p65 (RelA) expression vector.
Basal expression was reduced >50%1c t'or each of constructs when
the promoter region had point mutationis in the outer GC-rich
region or inner AT-rich region of the NF-KB element (Fig. 9).
NF-KB p65 co-transfection significantly increased wilI type
MGSAoc350/CAT activity. NF-KB p65 transactiviated throLIgh the
various mutants, although to a lesser- extenit (Fig. 9). These results
indicated that nucleotides within both the outer and intierl eCTion
of the MGSA/GRO(x NF-KB elemenit were necessary foir NF-KB
p65 transactivationi.

DISCUSSION

Spi is necessary for basal MGSA/GROu transcription

Several transcriptioni factor binding elements in the MGSA/
GROoc promoter have been identified in the 260 bp promoter
region upstreamii of the TATA box. We have previously denmioni-
strated that this reaion is sufficienit for IL- 1 and TNFu indLuctionl
in normal RPE cells (51 ). Furthermore, the NF-KB elemiient
located in this promoter region has ai signific-ant role in both the
basal and cytokine induced MGSA/GROux transcription in

H-s294T and RPF cells, respectively (51 ). DNase I footprinting

Figure 6. COS cell cxirc-csscdi H%1GI hinds N1t SA\(o-Q7/-6 'ei(11. \Wholc ccll
extr-acts fioml CLOS cclIs ti-ransiciltt ti nshctcd ith cithcr- thc partazCt.1 (NI V

ceto- or- HNIGI expression Cctot wce cz-iiCicoLbittcdl ithi eitthcr pir-c1-illilnilC
anltisera tIN/IGI) 1 aitisct ot pots d N-cTl':pot\ dA-dT pt-ior to aidditioi
i) ri'adiolabeled MGN \cf-(7/-6 Ol iM IoiC Ile. [Or com1par'isonl. e'Lile

Hs-'94T IL- stiMlateMd noLctCat Cxtr.Ictsr 5cvici%ct'iibatecd with thte IradIiOlahclct
p-Obhc. The reSctUtin' pOutcin-DNANcomplc)\ s\ c scpatcdtect in ().5 TBVIL
p(o t\airs l nldamcc eels.

A

NF-)cBelements

* MGSA/GROr
IL4 -

* IFN-) (nc) A ;.;AAT'PC

IgGK
H-2

mutatins In MGSAJGROa NF-cf elaemt

* wild typ (WT)

* mGC-4 T.ARTTAA

*mGC-4B

mAT-2 ;A.

mAT-B

Figure 7. NE-KB anidci HNGI(Y bind to distinct nictleotidees in M(iSA/(GRo(o.
NlV-KB enhancer. (A) ScucLncc similaIrities hetsscen NIGSA/GRO(Y. Il - (63
IFN-[3 (31.74). 111i1-ttolIoit51lt0tLIl1 K liiht chain (IL G K) (66.75),.nd ti-2 ciss
malljor histocomn patihilit\ (t -2) (65) genc1s arc shown. The IFN-cl('lII0 is

trom thc rnoncoditn strind. Poinlt mtaltionsm11l,ade w-ithin the M(CS,\/(R(R)o(
N'-KB oMiter G(I iCh (m((i -4. mGC-4B or ijolteri Al-rich (nmAlT-2, t1ANT-1
cionLs011ar al]SO inlCLKI'(l.d Nt-- KB clemcni.ts s\Ith Al-rich tncstc(l rcLons
tILICICot;ICS Or- note-C) o-C oCI1tcd wvith an astcrPik I FExtracts pft) Ii 011
StMI LIkIted(IL- Hs2>14 '1ccl Is wer-e in1cLuhaMIC(I \i th 2)000CI).(c 1 P1id'-ot-hok-
hclcd NIGSAIGRO(f omOoIrLcotCICOt ic rob thtt hIad CitheCr th1C CdIoc1oiLIS
NIF-KB CIClceInt or IlLutItiOIS In cithCr thci. icr Al-r-Ict1 IoCn'011 (Ill-AT-' atori
mAT-B) or the OLItCte GC-rj01Icrcion mG( '-4 Ind mGIC-4B3) ((see Tahic tor
2') tl ait rOOm11 tCltipraItUlrc. ReSLdtinLg PI-otciti-I)NA coIIiplcxcs wcrc

ats s tilh t.lastcrl- mi rtilIt NKi I) dOlICi (catrHir tcc prohc.

reveals two regions protected within this promoter region in IL- I
stimulated Hs')94T extracts. One ol thec recions conitaiins the
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Figure 8. Effect of HMGI(Y) and NF-KB loss on MGSA/GRO(x promoter activity in RPE and Hs294T cells. Either Hs294T (A) or RPE (B) cells were trainsiently
transfected with I 0 pg of the indicated MGSAux350/CAT construct and 2 p1g pCMVhGH as described in Materialls and Methods. Approximately 48 h post transfection.
cells were either left unstimulated (NT) or IL-l (5 U/mI) stimulated (IL-I ) for 24 h prior to collection. Transfection efficiencies were normalized by immunodetection
of secreted growth hormone. Results from three separate Hs294T (A) transfections are expressed as percent CAT conversion with standard deviation of error:

MGSAa350/CAT WT control (7.47±1.68), imGC-4 (0.70±0.28), mAT-2 (1.20+0.32), and mAT-B (2.42+1.04). Results for RPE (B) transfections are expressed as fold
activation over cells transfected with wild type MGSAu350/CAT alone with no treatment. Fold induction and range of error for duplicates from two separate RPE
transfections were MGSAu350/CAT WT control ( 1.00) IL- I (5.82+1 .21 ), mGC-4 control ((0.32+0 16) IL- I (0.24±0.1 1 ), mAT-2 control (0 .28+0.()7) IL- I (0.95±0.04)
and mAT-B control ( 1.070i).47) IL-I (2.28±1.59).
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Figure 9. Activation of MGSA/GROcz NF-KB mutants by NF-KB p65. RPE
cells were co-transfected with 5 of the indicated MGSAu3St)/CAT

constructs, 5 pg CMV NF-KB p65 and 2 pg pCMVhGH. The parental CMV
expression vector was used to normalize the DNA concentration of all samples.
Transfection efficiencies were normalized by immunodetection of secreted
growth hormone. Cells were collected 48 h post transfection with one medium
change. CAT activity was determined as described in Materials and Methods.
Results are expressed as fold induction over cells transfected with wild type
MGSAux350/CAT ailone. Fold induction and standard deviation of error for
three separate transfections were: MGSAu350/CAT wild type control (1.00),
NF-KB p65 (15.76±5.10):imGC-4 control (0.43±0.13). NF-KB p65
(3.77±(0.85): mAT-2 control (0.33+0.12), NF-KB p65 (4.48±1.24).

NF-KB element while the other contains the Spl consensus

element located 42 bp upstream of the NF-KB element. Gel shift
analyses of nuclear extracts from unstimulated or cytokine
stimulated RPE and Hs294T cells demonstrate Spl and Sp3
complexes bind specifically to the MGSA/GROux Spl element.

Spl and NF-KB complexes have been reported to physically
interact in vitro (9,10). HIV- 1 LTR promoter activity in both it?
vitro or Jurkat cells requires both the NF-KB and Sp 1 motifs, since
loss of either element significantly reduces induction of promoter
activity (68,69). Likewise, mutation of the Sp I consensus

element in the GM-CSF promoter inhibits NF-KB transactivation,
though the NF-KB element is still present (70). Furthermore, the

human MCP- I promoter requires the Sp and NF-KB elements
for basal and cytokine induced activity, respectively (71). When
the MGSA/GROoc Spl element is either deleted or mutated
within MGSA/GROoc promoter constructs, we observe a signifi-
cant decrease in basal promoter activity (>50% decrease in CAT
activity). The decrease in CAT activity is similar to that observed
with mutation of the NF-KB element 1(5 1 ) and Fig. 8]. The SpI
element is not necessary for cytokine induction ofMGSA/GROoc
in RPE cells since the equivalent IL- 1 induction of mutant Sp I

MGSA(x350/CAT as compared to wild type is observed, though
the level of CAT activity is much lower. The lower level is

presumably due to the marked decrease in basal CAT activity.
However, these results strongly suggest that the Spl consensus

element has a significant role in basal MGSA/GROoc expression
in both RPE and Hs294T cells.
The presence of Sp3 in nuclear extracts of Hs294T and RPE

cells is intriguing. Sp3 has been implicated to be a repressor of
Sp I since Sp3 lacks a transactivation domain and competes with
Spl for binding (5,7,8). Alternatively, Sp3, like Spl, can also
serve as an activator (6,15). These differences in activity may be
due to the presence of co-activators such as Rb or other
transcription factors that allow Sp3 to serve as an activator of
certain genes. We are not able at this time to distinguish whether
SpI, Sp3 or both contribute to the constitutive MGSA/GRO
promoter activity. However, point mutations in the GC-rich Sp I

element result in loss of both Sp I and Sp3 binding and
significantly diminish basal MGSA/GROoc promoter activity.

HMGI(Y) in addition to NF-KB is required for
MGSA/GROcx promoter activity

We have determined that the NF-KB enhancer sequence for the
chemokines MGSA/GRO and IL-8 are identical to that of IFN-1
in that there is an AT-rich region nested within the NF-KB
consensus element. Furthermore, the MCP- I NF-KB element is

identical to the MGSA/GRO NF-KB element (71). The E-selectin
gene has also been demonstrated to contain two NF-KB elements
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with AT-r-ich regions (32,33). To daite. thlese 'Are the only
inflammatory oenies idenitified which contuii NF-KB elIemlents
with AT-rich centers.
We demonstrate here that the MGSA/GROu NF-KB enhancer

binds both HMGI(Y) and NF-KB andi thaLt these complexes aLre
impoitant tor transactivatioll thlronIgh this promoter elenilit.
Previous worlk on the IEN-~3 and h-selectill promiloters indicated
that the presence of HMGI(Y) enhances NF-KB bindin,e to its
recognitioni sequences putatively through direct protein-protein
interactions (31 33). While that work utilized recomiibinat
NF-KB andi HMGI(Y) proteins to observe binding to the NF-KB
enhancers. we demilonistr-ate her-e t'romil imielaniomila cell 1nclCrLl-
extracts that endogenous NF-KB and HMGI(Y bind to the
MGSA/GRO() NF-KB elemiienit. Two differ-enit HMGI( Y) antisera
eliminated the HMGI( Y) doublet that miulerites inearl the t'rcc probe
by gel shift analyses. However, only one of the HMGI(Y) aLiltisera
[HMGI(Y)-2 developed by Tha.nos and Maniaitisj affects the
formation of the upper NF-KB com11plexes. sugg>esting ai possible
interaction between HMGIY) ainld NF-KB. One possible ex-
planation for the difficulty in obserV1ing aLn HMGI( Y) and NF-KB
temary complex by gel shift analyses is the antigellic sites mliay
not be atv.ailalble for antibody recoen,ritioni due to Contorma1l1tional
restrainits when the ternarvy comiplex binds to the DNA.

Interestingly, by gel shiift analysis. we have obsserved variability
in the level of HMGI(Y) presenit ininon-cytokinie treated Hs294T
melanoma cells (compare Figs 4 aLnd 5A). Batsed on prior reports
demonstrating HMGI(Y) is expr-essed aIt higJh levels ill tranlls-
formed and rapidly growing cells (Q6-28), it is possible that
variability in HMGI(Y) levels is due to differences in endo,renous
cytokine production or proliferation of the cultured cells. Sinice
Hs294T melanomila cells produce growth tactors and cvtokines
such as IL- I and thus resist density arI-est. it is likely that there
would be associated changes in nucleaCI- tr.Anscription faLctor-s such
as HMGI(Y) and NF-KB.

Point mutaitions in the AT-rich recion ot' the NF-KB elemiienit
result in the loss of HMGI(Y) bindinu and ai silnificant decrease
in basal promoter activity in both the Hs2294T imelanioma cells and
normal retinal pigment epithelial (RPE) cells. Cytokine inductionl
ot' MGSA/GROuY is sicnificantln diminiilished in RPE cells with
loss of HMGI(Y) binding to the MGSA/GRO(x NF-KB elemiecnt.
These studies are in agreemilenit with IFN-[3 and E-selectin
promoter mutagenesis studies in that conversion of their NF-KB
enhancei-s to variant NF-KB enhanlcer-s that do not hind HMCGI( Y)
results in a significant loss of viral and cvtokine indLction-.
respectively (31-33).

In addition to the loss of HMGI(Y) binding, the subsequlet
decrease in MGSA/GROux basal and cytokine induced promoter
activity upon mutatiotn of the NF-KB eleimient to the H-2 NF-KB
enhancer (mAT-2) may also be correlated with loss of the NF-KB
p65 homodimer binding. However, ai seconid set of' poilnt
imlutations in the AT-rich region (mAT-B) reta1ins both NF-KB p65
homodimilei- and NF-KB p50/p65 heterodimier- hinding atnd loses
HMGI(Y) binding. This mutant mnAT-B exhibits diminillished basal
promoter activity in Hs'294T cells and diminished cytokine
itnduction in RPE cells. Our results ae,Cree with those obtained with
E-selectin in that loss of HMGI(Y) partiallyireduces cytokine
induction (32,33).

In summairy, our data provide e!idence foir the requiremilenit 'or
several different classes of' DNA-bindino proteitns t'or the
regulation of the MGSA/GROu promoter. Based on previous
studies thalt suggest physic.Al inter-aLctiolns (cross-tallk) betwcen

suIchI factors may be in)portant t'or- thlil combihinedl action, I'Llu-thei-
aialysis of tthese interactions is sulgelCsted. In pr-tiCUlar. th1oughll
\wC have showni hler-e that hoth the SI) aLnid Nh-KB enhancers are
requli-ed for hasal MGSA/GROt0. transcriptional activity, it
remains to hc dieterinilied if'these two regcionIs Cooperate suLIch that
a ternary complex with DNA is tfor-mied to regIula_te MGSA/GRO()
(gCIen expression. Rcccint evidenceflO\ sUpports an interaction
hetween transcription flictors implicated in DNA bending such as
Sp] Iand HMGI(Y) w,ith otheir transcription faWctors including
Nh-KB (9.10,30,3 1.72) Interestinrly. hoth the NF-KB fand Sp
cleimients fouiid in the M-CSF promoter are.- icqulir-ec for the
elevated basal transcriptioni of' M-CSF withini K562 leukemilic
cells (73). Ihike MGSA/GROcx expression- in the Hs294l'
meklmiloilla cells as compared to nion-trallstormed pwigmentedlcIls
5) ). MI-CSF expression iI leukeiciC ceCIls is primarily' regtulaltedC

pzost-traLlnscr-iptionally by PMA atnd cycloheximide, thou1gh tile
hasal transcriptioni rate is elevated comiparetid to other hematopoei-
tic cell lines (73). Moreover. HMGI( Y ) has beei iilplicated in the
conlstitutive expressioni of lymphotoxin (TNFf3) in seVeral
leikemic cell lines (29) It will be interesting to deter-imine it' the
Sp l. C/EBP-like and NF-KB/HMGI(Y) clemienclts interplay for
specificity in MG,SA/GRo() transcriptioInall r-eglationL inI normalil
aniid transtormed cells. Suiclh anll interactionI Will add1c1 to the idea that
eeI Is 1mayL) uitili/e comibrinatorial effects to control the expression
Of' ai mILltituLde Of enes With similaril' tlranSCiption0l talctor hindingll>
I',21 I 11 S.
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