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ABSTRACT

The biologically active synthetic retinoid CD437 (6-[3-
adamantyl-4-hydroxyphenyl]-2-naphthalene,  AHPN)
and different human breast carcinoma (HBC) cell lines
were used to examine the possible mechanism(s) of
gadd45 induction. Northern blot analysis of mMRNA
isolated from MCF-7, MDA-MB-468 and MDA-MB-231
HBC cell lines demonstrated a progressive increase
inthe 1.4 kb gadd45 transcript after exposuretol pM
CD437. Western blot analysis showed increased
gadd45 protein levels in MDA-MB-468 HBC cells fol-
lowing exposure to CD437. CD437 increased  gadd45
mMRNA levels by ~20-fold in MDA-MB-468 cells, how-
ever, the transcriptional activity was increased ~2-3-
fold as demonstrated by the human gadd45
promoter—luciferase reporter construct and nuclear
run-off assays. Sublines of MDA-MB-468 HBC cells
expressing stably integrated GADD45 cDNA frag-
ments were obtained and CD437-dependent induction

of GADDA45 analyzed. We report that ~300 nt located in
the 5'-untranslated region (5-UTR) of gadd45 mRNA
are involved in the CD437-dependent 4-fold enhanced
stability of gadd45 transcripts. MDA-MB-468 cells
were stably transfected with either a plasmid having

a CMV promoter-driven rabbit  B-globin gene or plas-
mids having a CMV promoter-driven chimeric gadd45
5'-UTR—rabbit B-globin gene, where the entire  gadd45
5-UTR (from +1 to +298) or a 45 bp subfragment of
the gadd45 5-UTR (from +10 to +55) was positioned
at the 5'-end of the rabbit B-globin gene. CD437 was
found to up-regulate expression of both the chimeric
gadd45-rabbit B-globin transcripts, suggesting that

cis element(s) involved in the CD437-dependent
enhanced stability of gadd45 mRNA are contained in
the 45 nt of the 5'-UTR of the gadd45 mRNA.

INTRODUCTION

Growth arrest and DNA damage-inducible (GADD) genes
belong to a subgroup of genes which are not only rapidly
induced by DNA-damaging agents but are coordinately
induced in growth-arrested cells (1). Five GADD genes are
known to be coordinately expressed following treatment of
cells with most DNA-damaging agents and during growth
arrest conditions (2)Gadd45is a growth arrest and DNA
damage-inducible gene that has been shown to be induced by
both p53-dependent and -independent pathways in various cell
lines (3,4).Gadd45was cloned by subtractive hybridization as
a mRNA more abundantly expressed in growth-arrested cells
or those with damaged DNA and its expression was found to
be up-regulated by genotoxic insulits vivo (5,6). Gadd45
MRNA expression has also been found to be indunedtro
by a range of stimuli including DNA damage caused by UV
light, y-irradiation and alkylating agents such as methyl-
methane sulfonate (MMS) (7). Thgadd45gene encodes a
165 amino acid protein that is highly conserved in mammals
and is a cell cycle regulated nuclear protein that reaches
maximal levels in Gphase of the cell cycle (7 and references
therein). Recently gadd45 and the related proteins Myd118 and
gadd4y have been shown to bind and activate the MTK1
MAP kinase kinase kinase, which is upstream of both the p38
and JNK MAPKs (8). The gadd45-like proteins may, therefore,
play an important role in activation of the p38 and INK MAPK
cascades in the processes of growth arrest and apoptosis
induced by DNA damage and other environmental stresses.
We have previously described a novel retinoid, 6-[3-
adamantyl-4-hydroxyphenyl]-2-naphthalene (CD437, AHPN)
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which has been shown to induceg &rest and cause apoptosis gadd45clone 4.2 was obtained whegadd45cDNA is under

in different cell types including human breast carcinomathe control of the CMV promoter.

(HBC) cell lines (9,10). CD437 appears to exert its action Additional pCDNA3gadd45 constructs were derived by

through retinoic acid nuclear receptor (RAR)/retinoid X PCR amplification as follows. Approximately 1.1 kb of

nuclear receptor (RXR)-independent as well as p53-independegéadd45 cDNA containing all of thegadd45 protein open

pathways in order to induce &, arrest and activate known reading frame (ORF) and 3-UTR was PCR amplified using

downstream effectors of p53 in cells possessing a norsligos GADD45.2 (5-CCGCTCGAGATGCAATTATTCAT-

functional p53 (9,10). ACCAG-3', antisense, positions 1321-1340; 4) and GADD45.3
CD437 has previously been shown to induce expression dp-CGCAAGCTTCGACCTGCAGTTTGCAATAT-3', sense,

gadd45 in a number of cell types (10-12). The objective of thigositions 266-285; 4). In addition, ~0.5 kb gadd45cDNA

study was to delineate the underlying molecular mechanism(djagment containing ORF only was PCR amplified using
of CD437-dependent induction gfadd45in HBC cell lines.  ©0ligos GADD45.3 and GADD45.1R (5'-CCGCTCGAGTTT-

We found that CD437-dependent enhancementgadd4s TCATTCAGATGCCATCA-3', antisense, positions 779-798; 4).
expression was accompanied by only minimal increases ifhe PCR-amplifiedgadd45cDNA subfragments were then
gadd45 transcriptional activity. In this report, we provide digested withHindlll and Xhd and subcloned intédindlll—
evidence that CD437 regulatgadd4Sexpression by enhance- Xhd-digested vector plasmid pCDNAS. The procedures for
ment ofgadd45message stability and identify a 45 nt sequencé&!oning and screening of the recombinant plasmids were as
element of the 5'-UTR o§add45mRNA which is responsible described previously (13,15). The resultant pCDNgeg4d45

for CD437-dependent enhanced expression of gadd45 as Wﬁggzgdld, gg?ggﬂ]egr?go;ilﬁ é g%dggﬁz%'\'ﬁ_{fsgwﬁg 2%\22% .
as heterologous rablfitglobin mRNAs in the HBC cells. contained an ~0.5 kiyadd45 cDNA fragmer’lt having the

gadd45protein-encoding ORF only. Thgadd45cDNA frag-

MATERIALS AND METHODS ments of clones 2.1 and 3.1 were sequenced to confirm the
) validity of the inserts.
Cell lines and cell culture An ~0.3 kb 5-UTR fragment ajadd45cDNA was cloned at

The HBC cells MCF-7 and MDA-MB-231 were a gift from the 5'-end of the rabb-globin gene (16) as described below.
Dr Marc Lippman (Lombardi Cancer Center, Washington,FirSt, an ~0.9 kb metallothionein promoter fragment of the
DC). The MDA-MB-468 cells were provided by Dr Anne vector plasmid pMEP4 (Invitrogen) was replaced with the
Hamburger (University of Maryland Cancer Center, Baltimore CMV promoter to obtain construct 28.1 as follows. Plasmid
MD). Cells were grown in Dulbecco’s modified Eagle’s PMEP4 was initially digested witibal and end-filled using

medium/Ham’s F-12 medium supplemented with 5% fetathe Klenow fragment of DNA polymerase essentially as

bovine serum, 20 mM HEPES and f§/ml gentamicin. described before (13). The linearized, end-filled plasmid
pMEP4 was then digested witHindlll and ~9.4 kb of the
Cloning of plasmid constructs vector plasmid was gel purified. Thébd(end-filled)-HindllI-

: igested pMEP4 vector plasmid was then ligated with an
The 1.6 kb promoter fragment was cloned into the promoterleé%'().65 kb Nrul-Hindlll-digested and gel-purified CMV' pro-

vector plasmid pGL-2 Basic (Promega) as previously . . .
- . oter fragment derived from plasmid pCDNA3 (Invitrogen) to

described (13). A 1.8 kb fragment containing the promoter angqbtain clogne 28.1. Second thre)z CMV pF;omoter-(griven rgabb)it
exon 1 of thegadd45gene was excised from plasmid pHG45 lobin gene construct 29’6 was derived from clone 28.1 as
(14) using the restriction endonucleaBeoRI. The excised g 9 » : ' '

9 , : . follows. Clone 28.1 was digested wial and end-filled as
EcoRI fragment was then subcloned in the sense orlentatloaescrib‘ed above. An ~0.45 kb fragment containing the
m';o theéElCdéll S|te50f1the vt?]ctor dl_:’hagtgeémdi pgltuesgzlpt SK_polylinker and SV40 polyadenylation signal sequence was
(clone 5.1). Clone 5.1 was then digeste ooblaina emoved by digesting theSal-linearized and end-filled
1.6 kb fragment of thgadd45promoter and exon |. The 1.6 kb

. . -~ - plasmid DNA of clone 28.1 witlHindlll. The vector plasmid
Xmd fragment was then subcloned in sense orientation intQ¢ 19 g kb was gel purified in order to obtaal (end-filled)—

theXmaj site of pGL-2 Basic (Promega), which is apromOter'HindIII-digested linear vector plasmid 28.1. The plasmid
less luciferase reporter vector, to obtain ¢faeld45promoter—luc pfRE+3' (G.Breweret al, submitted for publication) containing
construct (clone 6.3). _ ~ the entire rabbip-globin gene (16) was first linearized with
The 1.4 kbgadd45 cDNA was excised from plasmid kpnl, followed by blunting theKpnl overhang using bacterio-
pHUL45B2 (4) using the restriction endonuclea3édsl and phage T DNA polymerase (NEB) as per the manufacturer’s
Xhd and subcloned into the pPCDNAS vector plasmid (Invitrogen)guidelines. Thekpnli-digested, blunt-ended plasmid BR3'
as follows. First, plasmids pHUL45B2 and pCDNA3 werewas then digested withiindlll to release an ~1.8 kb entire
linearized with the restriction endonucleasésa andEcoRl,  rabbit B-globin gene fragment. Thiépnl(blunt-ended)Hindlll-
respectively. The linearized plasmid DNAs were then enddigested, gel-purified rabbf-globin gene fragment was then
filled using Klenow DNA polymerase (13). The linearized, ligated with the above describe8al(end-filled)-HindIll-
blunt-ended plasmid DNAs pHUL45B2 and pCDNA3 were digested vector plasmid 28.1 to obtain clone 29.6. Third, plasmid
then separately digested with the restriction endonucleas#.6 was linearized withdindlll and end-filled as described
Xhd. The 1.4 kb Xbd(end-filled)-Xhd-digested gadd45 above. An ~0.3 kb 5'-UTR fragment gadd45cDNA (positions
cDNA fragment from plasmid pHUL45B2 was gel purified +1 to +298; 4) was excised from plasmid pHUL45B2 (4) using
and ligated into the ~5.4 kBcoRI(end-filled)-Xhd-digested, the restriction enzyme&carl and Hindlll, end-filled as
gel-purified vector plasmid pCDNA3. The resultant pPCDNAS3- described above and gel purified. The end-filled 0.3 kb 5'-UTR
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fragment ofgadd45cDNA was then ligated in the sense orien- mMRNAs or chimericgadd45-rabbit 3-globin mRNAs by the
tation intoHindlll-linearized, end-filled vector plasmid 29.6 in northern blot hybridization methodology described above. The
order to obtain CMV promoter-drivegadd45-rabbit3-globin  exogenously expresseghdd45transcripts were detected by
gene construct 8.5. In addition, a 45 bp subfragment of thaybridization of the northern blots with a radiolabeled cDNA
gadd455'-UTR (positions +10 to +55; 4) was synthesized infragment of the bovine growth hormone polyadenylation sig-
the form of sense and antisense oligonucleotides with 5'-ovenal sequence obtained from the vector plasmid pCDNA3. The
hangs forHindlll. The sense and antisense oligos were phosexogenously expressed chimegadd45-rabbit 3-globin tran-
phorylated, annealed and ligated into thimdlIl site of clone  scripts were detected by hybridization of the northern blots
29.6 to obtain CMV promoter-drivegadd45-rabbit3-globin  with a radiolabeledNcd—BanHI-digested, gel-purified exon
gene construct 11.1. Clone 11.1 thus contains the above 45 Bpsubfragment of rabb-globin gene (16).

of the gadd455'-UTR positioned at the 5'-end of the rabpit )

globin gene in the sense orientation. Analysis of MRNA decay

Two or more independent clones containing stably integrated
pCDNA3-gadd45plasmid 2.1, 3.1 or 4.2 which showed low to
Total RNA isolation, gel electrophoresis and northern blotmoderate levels of expression of exogenously transfected
analysis were performed essentially as previously describegadd45transcripts were selected for analysis of MRNA decay.
(17,18). CD437-treated or untreated clonal derivatives of MDA-MB-
468 cells were cultured in the presence of the transcriptional
inhibitor actinomycin D (4ug/ml) for various times in order to
MDA-MB-468 cells were treated with CD437 for 48 h. Isolation study the rate of decay of the exogenously expressed CMV
of nuclei from CD437-treated and untreated cells, transcriptiopromoter-drivergadd45transcripts. Total cellular RNAs were
reactions in the presence a@f-f2PJUTP and isolation of newly extracted and fig of each RNA electrophoresed on northern
synthesized labeled RNA were carried out according to preslots as described above. To measure mRNA decay rates, the
viously published methods (17-19). Immobilization gig of  data from autoradiograms were quantitated by densitometry as
each of the cDNA inserts of GADD45 (1.3 kb) and GAPDH described above. For each sample, the concentration of exo-
(780 bp) (20) to Zeta-Probe GT membrane (Bio-Rad, Herculegienously expresseghdd45mRNA transcripts was normalized
CA), followed by their hybridization with labeled newly tran- to an 18S ribosomal RNA standard. The half-lives of the exo-
scribed RNAs and washing of the filters were essentially agenously expresseghdd45mRNAs were determined by least
described before (19). The filters were then exposed for autequares analysis of semi-logarithmic plots of normalized

radiography for a period of 7-10 days. The densitometricnRNA concentration as a function of time (22—24).
quantification of the bands on the autoradiograms was per-

formed using a Molecular Dynamics Laser Densitometer
(model PSD1) and the ImageQuant v.1.1 software program. RESULTS

RNA isolation and northern blot analysis

Nuclear run-off transcription assay

Western immunoblotting CDA437 induction of gadd45mRNA

Twenty-five micrograms of the protein lysate from untreatedNorthern blot analysis demonstrated that exposure of different
and AHPN-treated MDA-MB-468 HBC cells were analyzedHBC cell lines to 1pM CDA437 resulted in a progressive
by SDS—-PAGE and immunoblotted using gadd45 rabbit polyincrease ingadd45mRNA expression (Fig. 1A). An ~5-fold
clonal antibody (1:1000; Santa Cruz Biotechnology, Santancrease irgadd45mRNA levels was noted within 8 h in p53-
Cruz, CA) essentially as per the previously published methodgositive MCF-7 cells with a maximum ~14-fold increase at

(19). 72 h (Fig. 1B). Treatment of p53-negative MDA-MB-231 HBC
) . ] cells with 1uM CD437 resulted in a 3- and 9-fold increase in
Transient transfection and luciferase assay gadd45mRNA levels at 8 and 72 h, respectively (Fig. 1B).

MDA-MB-468 HBC cells were transiently transfected with a Another p53-negative HBC cell line, MDA-MB-468, when
mixture of 10pg gadd45luc (clone 6.3) and fig pPCMV-B-gal ~ exposed to 1uM CD437, also showed a 3- and 22-fold
essentially as per the methods described before (13,19). Thigcrease ingadd45mRNA levels at 8 and 72 h treatment,
methods for treatment of transfected cells withNl CD437,  respectively (Fig. 1B). Taken together, the data in Figure 1
their harvesting and lysis followed by the assays for luciferasétrongly suggest that exposure of HBC cells taM CD437
andp-galactosidase activities were as published before (19). results in induction ogadd45mRNA expression independent
of the p53 status of the cells.
Stable transfections

MDA-MB-468 HBC cells were transfected independently with CDA437 induction of gadd45protein

the pCDNA3gadd45plasmids 2.1, 3.1 and 4.2 as describedExposure of p53-negative MDA-MB-468 HBC cells tquM
above. The cells containing stably integrated pCDNya8ld45 CD437 also resulted in an increasegadd45protein levels.
plasmids were then selected in the presence of &l neo- Western blot analysis was performed on cell lysates obtained
mycin (G418) as described before (21). In addition, MDA-after 24, 48 and 72 h exposure to CD437. As indicated in
MB-468 cells were also transfected with plasmid clones 29.&igure 2A, western blots utilizing gadd45 rabbit polyclonal
and 8.5 and stable sublines were obtained after selection in tlaatibody reveal three closely migrating bands of gadd45
presence of 40Qg/ml hygromycin. Several independent clonesprotein in the size range 18-19 kDa. A significant increase in
from each of the transfections were obtained and analyzed faill three immunoreactive bandsgddd45protein was noted at
expression of either the exogenously transfectgtld45 all the time points of CD437 treatment when compared to
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Figure 2. Gadd45protein expression after CD437 treatmehAt) IDA-MB-468

cells were treated with iM CD437 as described in the text. The cell lysate

(150pg/lane) was electrophoresed on 12% SDS—polyacrylamide gels, transferred
Figure 1. Expression of gadd45 in different breast carcinoma céllsNorthen  to nitrocellulose membrane and analyzed for gadd45 protein expression as
blot of MDA-MB-468, MCF-7 and MDA-MB-231 cells treated with iM described in Materials and Methods. The same western blot was subsequently
CD437. Cells were harvested at different time points, total cellular RNAs preparegdnalyzed for actin protein expression to confirm equal loading in all the lanes.
and electrophoresed on 1% alkaline agarose gels followed by their transfer iane 1, control untreated cells; lanes 2—4, cells treated with CD437 for 24, 48 and
nitrocellulose membranes and hybridization with radiolabgedd45and 18S 72 h. 8) Histogram showing relative expressiongafdd45protein in control and
ribosomal RNA probes as described in Materials and Methods. Lanes 1, contrgD437-treated cells. Each of the three gadd45 immunogenic bands in the
untreated cells; lanes 2-6, cells treated with CD437 for 2, 8, 24, 48 and 72 Rwestern blot of (A) were separately quantitated in order to determine their
respectively. B) Histogram showing relative expressiongddd45mRNA at  respective modulation in control versus CD437-treated lanes. Each column for
various time points of CD437 treatment. Columns represent the mean of tw@D437-treated samples represents the mean of the values obtained for all three
independent northern blot experiments expressed relative gath@dSlevels  time points for a particular immunogenic band. The untreated controls for each
in untreated controls, which were arbitrarily defined as 1. The error bars represest the immunogenic bands were arbitrarily defined as 1. The error bars represent
the standard errors of the mean. the standard errors of the mean.

untreated controls (Fig. 2B). Taken together, CD437 treatmemhRNA levels (Fig. 1B), a <3-fold increase igadd45
of HBC cells caused a cumulative 6—8-fold increase in exprepromoter-mediated gene transcription was noted following
sion of gadd45 protein. The identity of these three bands asxposure to CD437 (Fig. 3B).
gadd45 was also confirmed in other cell lines using this anti- It is possible that a moderate induction of CD437-dependent
body (M.S.Sheikh, unpublished observation). gadd45 promoter activity when compared to the CD437-

. - dependent increase in gadd45 message could be due to the
CD437 modulation ofgadd4Stranscription CD437-responsive element(s) being upstream or downstream
We investigated whether CD437-mediated enhancement aff the 1.6 kbgadd45promoter construct utilized. We therefore
gadd45 mRNA levels was due to enhanced transcriptionaperformed nuclear run-off transcription assays to determine
activity. A humangadd45promoter-driven luciferase construct CD437-mediated modulation ofadd45 transcription. As
(clone 6.3; Fig. 3A) was transiently transfected into MDA- shown in Figure 4, exposure of MDA-MB-468 cells to CD437
MB-468 cells in either the presence or absence ofiM  for a period of 48 h produced a 2—3-fold increase ingadd45
CD437. Although exposure of MDA-MB-468 cells to CD437 transcription rate over untreated cells. This increase in tran-
for a period of 48 h resulted in an ~13-fold increasgaud45  scriptional activity agrees with the CD437-mediated increase
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Figure 3. Effect of CD437 ongadd45promoter activity in MDA-MB-468 ~ CD437 for 48 h and the nuclear run-off experiment was performed as
cells. (A) Schematic diagram of humagadd45promoter—luciferase reporter descrlbed in the text. The intensity of each _band was scanned using laser
construct 6.3.8) MDA-MB-468 cells were transiently transfected with construc  densitometry and values were normalized with respect to GAPDH signals.
6.3 and Iuciferase activity was measured 40 h post-transfection. The lucifera@#t@ are expressed as the means of two independent experimenta. (
activity is expressed as light units and normalize@tgalactosidase activity ~'ePresentative autoradiograph of a nuclear run-off asggyQuantitation 6
expressed as absorbance. Columns represent the means of three independ¥éfindependent experiments. Bar, SE.

experiments expressed relative to the luciferase activities obtained for

untreated cells{CD437), which were arbitrarily defined as 1. The error bars

represent the standard errors of the mean.

|500 bp| CLONE #

in promoter activity noted in MDA-MB-468 cells transiently
transfected with clone 6.3 (Fig. 3).

4.2

GADD GADD
S'UTR ORF

Induction of gadd45mRNA stability by CD437

Significantly increasedjadd45mRNA levels were found in
the presence of moderate inductiorgafid45gene transcription. & ——= 2
We therefore examined whether exposure of MDA-MB-468 "7 S4o2  GADD  bGHPA
cells to CD437 increasediadd45 mRNA stability. First,
MDA-MB-468 cells were stably transfected with each of the
pCDNA3-gadd45constructs 2.1, 3.1 and 4.2 (Fig. 5). Next, ——5¢— | E—
two or more of the independent subclones of MDA-MB-468 “MY*  GADD  baipa
cells derived after transfection of pPCDNAfdd45constructs
were incubated in the presence or absence of CD437 for 40 h.
Actinomycin D (4 ug/ml) was then added to the cells and Figure 5. Schematic diagram of various pCDNAfdd45cDNA constructs.
gadd45mRNA levels were determined at various time intervals.CMv-P, CMV promoter; UTR, untranslated region; ORF, protein-encoding
The mRNA decay plotting and calculation of the mRNA half- open reading frame; bGHPA, bovine growth hormone polyadenylation signal
life (t,,) were carried out as described before (21,22). sequence.

The rate of decay of the transfectgddd45transcript was
analyzed by utilizing three independent subclones of MDA-MB-
468 cells expressing pPCDNA@add45construct 4.2. The rate  CD437. Figure 6A shows that the presence of CD437 significantly
of decay was determined either in the absence or presence @fihanced (~4.0-fold) the stability of the transfectatld45

2.1

3.1
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MRNA in all the subclones derived from transfection of
construct 4.2.

In order to further delineate the region ghdd45mRNA
involved in CD437-dependent enhancement of stability, additional
subclones of MDA-MB-468 cells expressing pCDNA3-
gadd45constructs 2.1 and 3.1 were utilized. Figures 6B and C
show that the stability of the transfectgddd45mRNAs in the
different subclones expressing either construct 2.1 or 3.1 was
not significantly modulated in the presence of CD437. Taken
together, the data in Figure 6 demonstrate that CD437-dependent
induction ofgadd45mRNA stability involves ~300 nt of the
MRNA sequences located at the 5'-end. Further, Figure 6 also
shows that the rate of decay of the transfectedd45message
derived from construct 2.1 was significantly faster when com-
pared to the rate of decay of the transfectedid45message
derived from construct 3.1. Thus, the data in Figure 6 would
also suggest that ~560 nt of the mMRNA sequences located at
the 3'-end of the transfecteghdd45mRNA (construct 2.1)
contribute towards the faster rate of message decay.

CD437-dependent up-regulation of gadd45—rabbif-globin
chimeric mMRNA

CD437-dependent up-regulationg€gdd45mRNA was further
investigated by utilizing MDA-MB-468 HBC sublines stably
expressing either CMV promoter-driven rabBiglobin gene
clone 29.6 or CMV promoter-driven chimergadd45-rabbit
B-globin gene clone 8.5 or CMV promoter-driven chimeric
gadd45-rabbit-globin gene clone 11.1 (Fig. 7A). Two inde-
pendent sublines expressing either clone 29.6 or 8.5, and three
independent sublines expressing either 29.6 or 11.1, were
incubated for 48 h in either the presence or absence of CD437
as described above. As shown in Figure 7B and C, CD437
causes 3—4-fold up-regulation of chimegadd45-rabbit -
globin mRNA derived from clones 8.5 and 11.1 when compared
to rabbitp-globin mMRNA derived from clone 29.6. The data in
Figure 7C therefore strongly suggest that 45 nt of the 5'-UTR
of gadd45mRNA (positions +10 to +55; 4) contain RNéis
elements responsible for CD437-dependent up-regulation of
chimeric gadd45-rabbit 3-globin mRNA. Taken together,

the data in Figures 6 and 7 demonstrate that 45 nt located at the
5'-end of gadd45 mRNA participate, independent of their

Figure 6. Effect of CD437 orgadd45mRNA stability in MDA-MB-468 cells.
MDA-MB-468 cells were stably transfected with pCDNAZdd45cDNA
construct 4.2, 2.1 or 3.1. Several independent neomycin-resistant stable sub-
lines for each of the constructs were obtained as described in the text. Two or
more independent sublines derived from transfection of each of the above
pCDNA3-gadd45cDNA constructs were cultured in the absence or presence
of 1 uM CD437 and exposed to the transcriptional inhibitor actinomycin D for
2,4, 6 and 8 h, total cellular RNAs prepared and expression of CMV promoter-
drivengadd45mRNAs analyzed by northern blot hybridization as described in
Materials and Methods. Levels of RNA loading in each lane were assessed by
the signal from the 18S ribosomal RNA band&) Semi-logarithmic plot

the decay ofjadd45mRNA derived from construct 4.2 in either the presence
or absence of UM CD437. B) Semi-logarithmic plot of the decay ghdd45
mRNA derived from construct 2.1 in either the presence or absenceibf 1
CD437. C) Semi-logarithmic plot of the decay @fadd45mRNA derived

from construct 3.1 in either the presence or absence g#11CD437. CMV
promoter-drivergadd45mRNA levels at time 0 in either the absence or presence
of CD437 were arbitrarily defined as 1. Data represent the means from three
independent clones for (A) and two independent clones for each of (B) and (C).
Bar, SE.
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Figure 7. Effect of CD437 on chimerigadd455'-UTR—rabbif3-globin gene expression in MDA-MB-468 cell®\ Schematic diagrams of CMV promoter-driven

rabbit B-globin gene construct 29.6 and CMV promoter-driven chimgedd455'-UTR—rabbit B-globin gene constructs 8.5 and 11.B) (MDA-MB-468 cells

were stably transfected with construct 29.6 or 8.5. Several independent hygromycin-resistant stable sublines for each of the constructeeders désaribed

in the text. Two independent sublines derived from transfection of each of the constructs in (A) were grown in either the absence (lanes 1, 3, Ses®ah@g or p
(lanes 2, 4, 6 and 8) of AM CD437 for 48 h, total cellular RNAs prepared and expression of rglglobin transcripts analyzed by northern blot hybridization as
described in Materials and Methods. Equal levels of RNA loading in each lane were assessed by signals from 28S and 18S ribosomal RNA bands. Lanes 1 anc
clone 8.5/A5; lanes 3 and 4, clone 8.5/A10; lanes 5 and 6, clone 29.6/B13; lanes 7 and 8, clone 28)GRBRA(MB-468 cells were stably transfected with
construct 29.6 or 11.1. Several independent hygromycin-resistant stable sublines for each of the constructs were obtained as describ&thiae¢tirdependent
sublines derived from transfection of each of the constructs in (A) were grown in either the absence (lanes 1, 3, 5, 7, 9 and 11) or presence (BnE3 and, 6,

12) of 1uM CDA437 for 48 h, total cellular RNAs prepared and expression of rgbgibbin transcripts analyzed by northern blot hybridization as described in
Materials and Methods. Equal levels of RNA loading in each lane were assessed by signals from 28S and 18S ribosomal RNA bands. Lanes 1 and 2] lone 29.6/I
lanes 3 and 4, clone 29.6/B16; lanes 5 and 6, clone 29.6/B19; lanes 7 and 8, clone 11.1/B8; lanes 9 and 10, clone 11.1/B9; lanes 11 and 12, clone 11.1/A4.
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context, in CD437-dependent up-regulatiorgafid45expres- GMCSF, c-myc and c-fos is known to regulate stability of
sion in the breast carcinoma cells. these mMRNAs. Furthergis elements located in the protein-
encoding region are known to regulate stability of c-myc, c-fos
and-tubulin mRNAs, while a single iron-responsive element
DISCUSSION located in the 5-UTR of ferritin mRNA is involved in the reg-
Retinoic acid (RA) and its derivatives (retinoids) have beertllation of its stability in the presence of iron (22 and references
found to inhibit the proliferation of a wide variety of both therein). The half-life of a mRNA can also be affected by how
normal and malignant cell types (25). Retinoids modulatghe 5-UTR influences its translation, since introduction of a
activity of numerous genes through binding to the nucleafranslation-inhibiting stem-loop in the 5-UTR can alter
receptors RARs and RXRs (25). We have previously describeddRNA half-life (26). The presence of a mRNA cap at the 5'-
a novel retinoid, CD437 which causeg/G, arrest and apop- end is also known to influence the stability of eukaryotic
tosis of different human breast carcinoma cells. AlthougmRNAs. By utilizing deletion and transfection analyses, this
CDA437 selectively binds to the RARuclear receptor, it has report demonstrates that the 5-UTR @&dd45 mRNA is
been reported to induce apoptosis and growth arrest in botAvolved in the regulation of its stability in HBC cells. Since
RA-sensitive and RA-resistant breast carcinoma cell lines (9)etinoid (CD437)-dependent enhanced message expression is
CDA437 has also been shown to induce growth arrest and apopoted for both thegadd45and rabbit-globin transcripts
tosis of HL-60 human leukemia cells (10). CD437-mediated-ontaininggadd455'-UTR sequences, it would appear that
growth arrest and apoptosis appear to utilize a unique patifis-trans interactions rather than mRNA structure play an
way(s) which is independent of the retinoid nuclear receptorénportant role in CD437-dependent stability enhancement
and cellular p53 (9,10). effects. The precise mechanism(s), including specific 5-UTR

CD437 has been previously shown to induce cellular expregis-trans interactions, of the CD437-dependent stability
sion of p2AFIICIPL mRNA in a variety of breast carcinoma increase ofjadd45mRNA is currently under investigation.
cells (9). CD437-treated MDA-MB-468 breast carcinoma cells The stability ofgadd45mRNA is also known to be influenced
were found to express ~10-fold elevated levels offg¥cP1 by the alkylating agent MMS (27). We utilized various
mRNA. This CD437-dependent increase in W#/CPL  gadd45expressing MDA-MB-468 transfectants (clones 4.2,
expression was subsequently found to utilize post-transcriptiongt1 and 3.1; Fig. 5) to determine the sequences responsible for
stability mechanisms (19). In this report we describe thaMMS-dependent enhanced stabilityggdd45mRNA. Again,
CDA437 also causes elevated expression of the DNA damagﬁanSfeCtantS expressing clone 4.2 were found to show an ~4.0-
inducible gengyadd45in a variety of breast carcinoma cell lines. fold enhanced stability ojadd45transcripts when compared
We further demonstrate that, like Ml/CIPl expression, to the transfectants expressing either clones 2.1 or 3.1 in the
CD437-mediated induction cgadd459ene expression is also presence of MMS and the transcriptional inhibitor actinomycin D
accomplished, predominantly, via post-transcriptional stabilitkdata not shown), suggesting involvement of glaeld455-UTR
mechanisms. CD437-dependent post-transcriptional upgt MMS-dependent enhancement of message stability. How-
regulation of p2VAFYCIPLexpression has been shown to utilize €ver, the transfectants expressing the chimeacld455'-
elements located in a 1.0 kb segment of the 3-UTR of§g4 ~ UTR-rabbitB-globin mRNA derived from clone 8.5 (Fig. 7A)
CIPLMRNA (19). The data presented here also demonstrate, féfiled to show a MMS-dependent increase, suggesting that
the first time, that CD437-dependent post-transcriptional upadditional sequences located in either the coding frame or the
regulation ofgadd45expression utilizes sequence elements3-UTR are involved and, possibly, co-operate with the 5-UTR in
housed in 45 nt of the 5-UTR of tlgadd45mRNA. It remains eliciting a MMS-dependent increasegadd45message stability
to be determined whether the mechanism(s) undenyingﬁ breast carcinor_na cells. The exact nature and location of such
CD437-dependent increased stabilization of the gadd48equences remain to be determined.
mRNA involving the above 45 nt subfragment of the 5'-UTR
g;er)gllw/ilgycfglm%sl\?:tlllzed by CD437 to enhance the stability, cx NOWLEDGEMENTS
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