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ABSTRACT: In this report, the molecular mechanisms involved in the overexpressiBD&L MRNA in

the multidrug resistant variant of the HL60 human acute myeloid leukemia cell line, HL60/VCR, were
investigated. RT-PCR and nuclear run-on assays revealed that the expredsidR biRNA is regulated

by increased transcriptional initiation in HL60/VCR cells. Transient transfections with a 241061
promoter (spanning the-198 to+43 region) DNA fragment/pGL3-basic plasmid construct resulted in
about 6-fold increased luciferase activity in HL60/VCR but not in HL60 cells. Moreover, ds CAAT-
oligomer from theViDR1 promoter cloned upstream of the SV-40 promoter in the pGL3-promoter plasmid
caused about a 7-fold increase in luciferase activity compared with plasmid constructs containing CAAT-
deleted, GC-box, and nonspecific oligomers in HL60/VCR transfectants. These results were confirmed
by transfecting HL60/VCR cells with the pGL3-basic plasmid containing a 237 bp mHXEIL proximal
promoter lacking the CAAT sequence in which no change in luciferase activity was observed. However,
a 5-6-fold increase in luciferase activity was measured in these cells when transfected withMvIDERAt
promoter DNA/pGL3-basic plasmid constructs. These results show that the CAAT-region is involved in
upregulating theVi DR1 promoter in HL60/VCR cells. A nuclear factor binding to the CAAT-region of

the MDR1 promoter specifically was detected in electrophoretic mobility shift assays (EMSAS) in HL60/
VCR but not in HL60 extracts. Two MDR1 promoter-associated polypeptides with molecular masses of
about 130 and 162 kDa were identified in HL60/VCR cells by electroelution, specific DNA-affinity
chromatography, and silver staining. Interestingly, cross-linking and Southwestern analysis indicate that
only the 130 kDa protein, which we refer to R¥DR1-promoter enhancing factor 1 (MEF1), has a strong
DNA-binding ability, interacting with the'sGTCAATCC-3 element of thevIDR1 promoter, as determined

by DNase | protection assay. These data reveal that MEF1 upregulates the MDR1 promoter activity.

The development of resistance to a wide variety of anumber of structurally unrelated compounts 8). While
chemotherapeutic agents presents a major clinical obstaclghe expression of P-gp has been demonstrated in many types
in the treatment of human cancers. One of the mechanismsof solid tumors 4-6), its correlation to the clinical outcome
involved in the development of multidrug resistance (MDR) of chemotherapy in these tumors has not been well estab-
in human cancer cells is the overexpression of P-glycoproteinlished. The best correlation between P-gp expression and
(P-gp), a product of theVDR1 gene. P-gp is an ATP- treatment failure as a result of resistance to chemotherapy
dependent transmembrane efflux pump with high affinity for has been demonstrated in hematological malignan@es (
These include acute myelogenous and lymphocytic leukemias
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might be linked to upregulation of thdDR1 promoter by Western Blot Analysi$rotein levels of P-gp in cells were
activating SP1 16). In addition, the possible roles of the measured by Western blot analysis as we described elsewhere
histone-modifying enzymes histone acetyl transferase (HAT) (21). In short, total proteins (5@g/lane) were separated by
and histone deacetylase (HDAC) in regulatiddDR1 5-15% SDS-PAGE containing 6.5 M urea, blotted onto
promoter activity mediated by NF-Y have been reported in an Immobilon membrane, and then P-gp levels were detected
the SW620 human colon carcinoma cell ling7y, It was using 1ug/mL of mouse monoclonal C219 antibody that
also reported that the nuclear factor NF-R1 is involved in recognizes P-gp and peroxidase-conjugated secondary anti-
the negative regulation dafiIDR1gene transcription in DOX  mouse antibody (1:2500). The proteins were visualized using
resistant K562 cells1@). Recently, we have shown that the ECL protein detection kit (Amersham, Arlington Heights,
cross-coupling of the NkB/p65 and c-Fos transcription IL) as described by manufacturer. The membranes were then
factors exerts a negative regulatory function PMIDR1 exposed to Kodak X-Omat film for various times. Equal
promoter activity by interacting with the CAAT region of loading was confirmed by Coomassie blue staining of SDS
the promoter in sensitive MCF-7 human breast cancer cells,PAGE strips cut from gels containing 2@ of protein/lane
but not in its drug-resistant variant MCF-7/Adr cells express- of each sample prior to blotting. The protein levels were
ing high levels o0 MDR1mRNA (19). Taken together, these  quantitated by densitometry of the autoradiograms.
results provide evidence that tivDR1 promoter is under Isolation of Total RNA and RT-PCR. MDRIRNA levels
complex regulatory mechanisms and that there might be were analyzed by RT-PCR as previously descrildg). (In
tissue-specific variations in its regulation. The data presentedshort, total RNA from HL60 and HL60/VCR cells was
in this study show that P-gp is highly expressed in the isolated using a modified SDS-phenol techniq@g) (and
multidrug resistant HL60/VCR human AML cell line com- then 1ug of total RNA was used in reverse transcription
pared to its sensitive parental HL60 cells. The molecular reactions with AMV-reverse transcriptase and random prim-
mechanisms which are involved in upregulati®R1gene ers (Promega, Madison, WI) as described by manufacturer.
expression in these cells have not been explored previously.The resulting total cONA was then used in PCR to measure
Therefore, in this study, we attempted to identify the nuclear the MDR1 mRNA levels. The intactness of total RNA was
factors involved in the control dfIDR1 promoter activity confirmed by tight bands of 28S and 18S rRNA separated
in HL60 and HL60/VCR cells. We report here the identifica- on denaturing agarose gels and visualized by ethidium
tion, characterization, and purification of a protein complex bromide (EtBr) stainingZ3). The primers and amplification
which is involved in upregulatinyl DR1 promoter activity conditions of PCR were as follows:
by interacting with the 5GTCAATCC-3-region of the
promoter in HL60/VCR cells. MDRl(forward), 5 CCCATCATTGCAATAGCAGG
(2596-2615)
EXPERIMENTAL PROCEDURES

MDR1 (reverse), 5SGTTCAAACTTCTGCTCCTGA
Cell Lines and Culture ConditionsThe HL60 human (2733-2752)

AML cell line, its MDR1-mediated multidrug resistant

derivative HL60/Vinc, and its MRP-mediated variant HL60/ B-actin (forward), 5CAGAGCAAGAGAGGCATCCT
Adr cells were obtained from Dr. Melvin S. Center (Division (216-235)
of Biology, Kansas State University, Manhattan, KS). The

derivative of HL60/Vinc cells expressing high levels of P-gp, B-actin (reverse), STTGAAGGTCTCAAACATGAT
referred to as HL60/VCR, was isolated by stepwise selection (405-424)
of HL60/Vinc cells exposed to increasing concentration of
vincristine in our laboratory (Safa, unpublished data). Cells The reactions were performed at 8@ for denaturation, 60
were maintained in RPMI-1640 medium with 10% fetal calf ¢ for annealing, and 72C for amplification for 30 cycles.
serum (FCS) and 100 ng/mL each of penicillin and strepto- The g-actin mRNA levels were used as internal controls in

mycin (Life Technologies, Grand Island, NY) at 3C in RT-PCR. The amplified fragments were separated on 2%
5% CQ. HL60/VCR cells were grown in the presence of 1 agarose gels and visualized by EtBr staining.

#g/mL vincristine which was removed from the media 1 “Nyclear Run-On Transcription Assajuclear run-on
Week before each assay. Vincristine gnd vmblastme Were analysis was performed as previously descrit2=i Briefly,
obtained from Eli Lilly and Co. (Indianapolis, IN) and pyclej from HL60 and HL60/VCR cells were isolated and
doxprublcm was purchased from Sigma Chemical Co. (St. gtgred in 10QuL of freezing buffer (50 mM Tris-HCI, pH
Louis, MO). 8.3, 40% glycerol, 5 mM MgGland 0.1 mM EDTA). For
Cell Suwival (MTT) AssayCells (1x 10* cells/well) were analysis, nuclei were thawed and incubated with ZD®f
plated in 100uL of the growth medium in the absence or reaction buffer containing 10 mM Tris-HCI, pH 8.0, 5 mM
presence of increasing concentrations of chemotherapeutiaMgCl,, 300 mM KCI, 0.5 mM each of ATP, CTP, GTP,
drugs into 96-well plates at 3T in 5% CQ for 72 h. The and 156-200 uCi of [a-3?P]JUTP at 30°C for 30 min.
cells were then incubated with 2& of 3-[4,5-dimethylthi- Reactions were stopped by DNase | (100 units) treatment at
azol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) (5 mg/ 30 °C for 20 min. Following deproteinization by proteinase
mL) at 37 °C for 4 h. After lysing, plates were read in a K (25 ug/mL) at 42°C for 30 min, the labeled transcripts
microplate reader (Dynatech Laboratories; Chantilly, VA) were extracted by phenol/chloroform (49:1) and then pre-
at 570 nm, and the concentration of drug that inhibited cell cipitated using ethanol and sodium acetate. Equal counts of
survival by 50% (I1Go) was determined from cell survival ~ TCA-precipitated labeled transcripts were used for hybridiza-
plots 0). tions of slot blots containing 0.4g of full-length 4.2 kb
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humanMDR1 and 1.8 kb humaps-actin (CloneTech, Palo  Co. (Midland, TX). These oligonucleotides are designed to
Alto, CA) cDNA fragments. Hybridizations were performed contain 5 Nhd and 3 Bglll compatible (sticky) ends
at 45°C for 72—96 h and then the filters were washed at 57 (underlined sequences) to clone into the pGL3-promoter
°C with 2x SSC-1% SDS and 04 SSC-1% SDS for 42 vector (Promega) containing the SV-40 promoter downstream
h as we previously describe@4). Bands were visualized  of the cloning sites, as described above. The DNA sequences
by autoradiography at 80 °C for 7—10 days. of the oligonucleotides were as follows:

Preparation of MDR1 Promoter Fragment by PCFRhe
241 bpMDR1 promoter fragment spanning198 to +43 CAAT-like motif: P-CTAGCAATCAGCATTCAGTC-
sites was produced by PCR using HL60/VCR genomic DNA AATCCGGGCCAGTTAGTCGTAAGTCAGTTAG-
as a template with the following primers as we described GCCCGGTCTAG-P
previously (L9):

CAAT-deleted motif: P-CTAGCAATCAGCATTCA-

MDR1promoter GTCCGGGCCAGTTAGTCGTAAGTCAGGCCC-
(forward) 8 CTAGAGAGGTGCAACGGA GGTCTAG-P

(—198 to—181)

GC-box like motif: P-CTAGCGGAACAGCGCCGG-

MDR1promoter
GGCGTGGGCTGAAGCCTTGTCGCGGCCCC-
(reverse) 56GCGGCCTCTGCTTCTTTGA GCACCCGACTTICTAG-P
(+25 to+43) —
Amplification conditions were as described above except that NOnspecific motif: P-CTAGCGGAAGCCTGAGCT-
5% deionized formamide was added to the reaction and the CATTCGAGTAGCAGCCTTCGGACTCGAG-
annealing temperature was 35. The 241 bp PCR product TAAGCTCATCGICTAG-P

was then separated on 2% agarose gels and purified usin . . . .
the Qiaex Il gel extraction kit (Qiagen, Valencia, CA) as g'I'he cloning of these oligonucleotides into the pGL3-

described by the manufacturer prior to end-labeling reactions. promoter ve_ctor was confi_rmed by restriction enzyme dig_es-
Plasmid ConstructionsThe 241 bpMDRL promoter tions and direct sequencing. All of the resulting plasmids

fragment (198 to +43) was amplified by PCR using were amplified inEscherichia colidM109 and then isolated

primers 1 and 4, containinghd andBglll sites (underlined using the Qiagen plasmid isolation kit before transfection

sequences), respectively, as describg€).(The 237 bp as described by manufacturer.

: : Transient Transfections and Luciferase ghalactosi-
mutantMDR1 promoter fragment lacking the CAAT motif :
(—116 to—113) was generated by two independent PCRs dase Assay<ells [(2-5) x 1 cells/well] were seeded into

; ; . - - 6-well plates and grown in 5 mL of the growth medium with
with primers -2 and 3-4, respectively, using the wild- X
type ?wt) 241 bp\/IDRlpromoterpDNA frégmen? generated 10% FCS for 18 h before transfections. The cells were then
by PCR as a template. The overlapping primers 2 and gcotransfected V_Vith 2:53 uglwell p'?‘sm‘d constructs a_nd_
contain a deletion at the 116 to—113 sites (CAAT) of the pSV3-galactosidase control plasmid (Promega) by cationic

MDR1promoter. The PCR products above were gel purified Iiposome_—medi.ated tran;fection metht_)d using the DOTAP
separately and then used as templates in a third PCR Withtransf_ectlon kit (Boehringer-Mannheim) for—@ h as
primers 1 and 4 to generate the mutated 237MPR1 described by the man_ufacturer. Af'Fer the transient transfec-
promoter fragment lacking the CAAT motif. The CAAT- tants Were_recovered in fre;h 'medla for 18 h, Iumferasg and
deleted 237 bMDR1 promoter fragment was purified from ﬂ-galacto,SIdas_eﬂégal) activities were measured using
2% agarose gels and then cloned into pGL3-basic aSPromggas luciferase angkgal enzyme assay systems as
described. The DNA sequences of the wt (241 bp) or mutateddescr'bed by manufactgrer. In short, cgll_s were lysed n 400
(237 bp) MDR1 promoter fragments were confirmed by uL of the reporter lysis buffer containing 25 mM Tris-

; ; : hosphate, pH 7.8, 2 mM DTT, 2 mM diaminocyclohexane-
direct sequencing. The sequences of the primers above wer ' ’ ) ' .
d 9 q P ,N,N',N'-tetraacetic acid, 10% glycerol, and 1% Triton

as follows: X-100 at room temperature for 15 min. The luciferase
Primer 1. 5GCGCTAGCCTAGAGAGGTGCAACG reaction was then initiated by autoinjection of 16D of
(—198 to—182) luciferase assay reagent containing 20 mM tricine, 1.07 mM
) (MgCO0s)4s Mg(OH)*5H,0, 2.67 mM MgSQ, 0.1 mM
Primer 2: EDTA, 33.3 mM DTT, 270uM coenzyme A, 470uM
5 CCCGGCCCGGACTGAATGCTGATTCCTC luciferase, and 53@M ATP to 20 uL of lysates using a
(—103t0—112 and—-117 to—134) luminometer (Turner Designs, Sunnyvale, CA). The light
Primer 3: intensity of the luciferase reactions measured in the lysates

f of the transient transfectants were normalized to thegal
5 AGGAATCAGCCGGGCLCGGGAGCAGTC activity, used as an internal control. Tifegal activity of

(—133 t0—124 and-112 to—96) the lysates was determined as follows: 120of lysates in
Primer 4: 5GCAGATCTGCGGCCTCTGCTTCTT reporter lysis buffer was incubated with 150 of assay
- (+28 to+43) buffer containing 200 mM sodium phosphate, pH 7.3, 2 mM
MgCl,, 100 mM S-mercaptoethanol, and 1.33 mg/mL
The ds-oligonucleotides containing CAAT-like motif, GC- o-nitrophenyl5-p-galactopyranoside (ONPG) at 3T for
box-like motif, CAAT-deleted motif, and nonspecific motif 30 min. The reaction was stopped by the addition of 1 M
were synthesized and annealed by Midland Certified Reagentsodium carbonate and then read using a spectrophotometer
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at 420 nm. All of the transfections and assays were performedacrylamide gels and autoradiography was performed by

in triplicate.

Preparation of Nuclear Extract§he nuclear extracts from
HL60 and HL60/VCR cells were prepared as previously
described 19). In summary, cells (about 20grown in large

exposing dried gels to Kodak X-Omat films. The ds-
oligonucleotides containing CAAT-like, CAAT-deleted, GC-
box, and nonspecific motifs were synthesized and annealed
by Midland Certified Reagent Co. The ds-oligomers contain-

flasks were scraped, washed with phosphate buffered-salineng NF«B, SP1, and AP1 motifs were purchased from
(PBS), pH 7.1, then lysed in buffer A containing 0.01 M Promega. The ds-oligomers containing C/EBP and YY1

Hepes, pH 7.5, 0.02 M Mggl0.015 M KCI, 0.1 mM EDTA,
0.001 M DTT, and 0.001 M PMSF. The nuclear pellet was
then homogenized on ice by +Q0 strokes of an S-pestal
and then spun at 130§Gor 10 min. The nuclear proteins
were cleared by adding 84 of 0.3 M ammonium sulfate
for 30 min on ice. Following centrifugation at 5009t 4

motifs were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA).

UV Cross-Linking of the DNAProtein ComplexesThe
5'-end labeled CAAT oligonucleotide probe (about &2
10° cpm) was incubated with 1&g of nuclear extracts under
the exact conditions described above in the EMSA. Samples

°C for 60 min, the clear nuclear protein suspension was were then placed 5 cm from a UV transilluminator and

reprecipitated with 0.2 g/mL ammonium sulfate. The pellets
were collected by centrifugation at 50@Pfbr 15 min and
then resuspended in 5@ of buffer C (0.05 M Hepes, pH
7.5, 0.03 M KCI, 0.1 mM EDTA, 0.001 M DTT, 0.001 M
PMSF, and 10% glycerol). After the samples were dialyzed
against buffer C (500 volume) at 4°C for 18-24 h, they
were cleared by microcentrifugation at 13@0@r 10 min
and stored at-80 °C. The concentration of nuclear protein

exposed to UV light (302 nm) for 15, 30, or 60 min on ice.
Cross-linked complexes were then separated by 5%
SDS-PAGE, the gels were fluorographed, and dried, and
the signals were detected by autoradiography. DNase |
treatment of the UV cross-linked probes was omitted due to
the use of the send labeled oligomers in this assay.
Southwestern BlottingSouthwestern blot analysis was
performed as described previoushg). The nuclear extracts

was determined by the Bradford assay using the Bio-Radwere separated by-515% SDS-PAGE with 6.5 M urea

(Richmond, CA) protein detection kit as described by
manufacturer.

Electrophoretic Mobility Shift Assay (EMSANuclear
extracts (8-10 ug of protein) were preincubated in 18
of binding buffer (0.04 M Hepes, pH 7.5, 0.04 M KCI, 8%
glycerol, 0.64 M PMSF, 0.8 mM DTT, and 0.1 mM EDTA)
containing 1.5ug of poly(dl-dC) (Pharmacia, Piscataway,
NJ) with or without oligonucleotides used as competitors at
30 or 25°C for 15 min. Then, 35 ng of 3-end labeled

and transferred to Immobilon membrane as described above.
The membranes were blocked in blocking buffer containing
0.04 M Hepes, pH 7.5, 0.04 M NaCl, 1 mM EDTA, 1 mM
DTT, and 5% dry milk fo 1 h at 25°C. The blots were
then hybridized in the same buffer with tF# end-labeled
CAAT oligomer (2 x 10f cpm/mL) and 1Qug/mL poly (dI-

dC) for 1 h at 25°C. The membranes were washed three
times for 20 min in the same buffer without dry milk and
the bands were visualized by autoradiography.

DNA probes (60 000 cpm) were added to the reaction and  Purification of CAAT-Binding Protein by Electroelution

incubated at 25°C for 15 min. End labeling of DNA
fragments withy-[32P]ATP (Amersham, Arlington Heights,
IL) was performed using T4 DNA kinase (Promega), and
the specific activity of the probes was determined by
scintillation counting after TCA precipitation as described
by manufacturer. Competitor double-stranded oligonucle-
otides were used at H100-fold molar excess. The-&nd
(forward) DNA sequences of ds-oligomers used in the gel
shift assays were as follows:

CAAT-like motif:
ATCAGCATTCAGTCAATCCGGGCC

CAAT-deleted motif: ATCAGCATTCAGTCCGGGCC

GC-box-like motif:
GGAACAGCGCCGGGGCGTGGGCTGA

Nonspecific motif:
GAAGCCTGAGCTCATTCGAGTAGC

NF-«B motif: AGTTGAGGGGACTTTCCCAGGC
SP1 motif: ATTCGATCGGGGCGGGGCGAGC
AP1 motif: CGCTTGATGAGTCAGCCGGAA
C/EBP motif: TGCAGATTGCGCAATCTGCA

YY1 motif:
CGCTCCGCGGCCATCTTGGCGGCTGGT

The nuclear factor which interacts with the CAAT-region
of theMDR1 promoter in HL60/VCR cells was purified from
polyacrylamide gels following EMSAs by electroelution as
described 2Z5). In summary, after EMSAs were performed
using CAAT-oligomer as a probe, protetbNA complexes
were separated on 5% native polyacrylamide gels as de-
scribed above. Then, gel pieces containing the CAAT-binding
nuclear protein were excised (the position of the shifted band
in the polyacrylamide gel was determined by autoradiogra-
phy) and proteirrDNA complexes were eluted using Elec-
troeluter model 422 (Bio-Rad) in electrode buffer containing
25 mM Tris-base, 192 mM glycine, and 1% SDS as
described by manufacturer. The proteins were then separated
and analyzed by 515% SDS-PAGE followed by silver
staining as described above.

CAAT-Binding Protein Purification by DNA-Affinity Col-
umn ChromatographyThe nuclear protein which interacts
with the CAAT-region of theViIDR1 promoter in HL60/VCR
nuclear extracts was purified using a DNA-sepharose affinity
column as describe@6). First, nuclear extracts (about-3
mg of protein) were precleared using the Microcon YM-50
(Millipore Corp., Bedford, MA) centrifugal filter device to
remove low molecular weight <560 kDa) proteins as
described by the manufacturer. The cleared nuclear proteins
were then subjected to a specific DNA-sepharose affinity
column in the presence of the CAAT-deleted and GC-box
oligomers (at 20-fold molar excess) ang:g of poly (dI
dC) to remove nonspecific DNA-binding proteins in 1 mL

The reaction mixtures were separated on 5% native poly- of DNA-binding buffer containing 0.04 M KCI. The DNA-
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Table 1: Cell Survival Analysis

kDa 1 2 3
ICso [M] (fold resistance) 220 _
cell line VCR VBL DOX _P-gp
HL60 3.0x 107° 5.1x 10° 1.0x 1077

HL60/Vinc 4.0x 1076 (1300) 3.1x 10°6(620) 8.0x 10°7(8)
HLBO/VCR 7.0x 1076 (2300) 7.3x 1076 (1400) 2.0x 1076 (20)

aFold resistance is the ratio of thes{salues for HL60/Vinc and 97.6
HL60/VCR cells to that of HL60 cells. The cells were treated with or -
without increasing concentration of drugs at°&7for 96 h in 96 well

plates. The concentrations of drugs that reduced cell survival by 50% piguge 1: Determination of P-gp expression in HL60, HL60/Vinc,

(ICs0) were calculated from cell survival plots obtained by MTT assay and HL60/VCR cells. The protein levels of P-gid(180 000) in

as described. The average of triplicate determinants in three independenfy 60, HL60/Vinc, and HL60/VCR (lanes-13, respectively) cells

experiments was used for the analysis. were analyzed by Western blotting as described in Experimental
Procedures. The total cellular proteins ¢8fflane) were separated

sepharose affinity column was prepared using cyanogenby 5-15% SDS-PAGE and P-gp levels were detected using the
bromide (CNBr)-activated sepharose 4B (Amersham Phar- Mouse monoclonal C219 antibody at a 1:1000 (w/v) dilution.

ia Biotech. Piscatawav. NJ) counled with f ds- Molecular weight markers are indicated on the left. The results
macia ' v ' Y, ) p 2o shown are representative of two independent experiments.
CAAT oligomer in coupling buffer (0.1 M NaHC®pH 8.3,

and 0.5 M NaCl) at 25°C for 1 h asdescribed by  compared to HL60 cells. The derivative of HL60/Vinc cells,
manufacturer. After remaining active groups on the sepharoseHL60NCR, isolated by stepwise selection in the presence
gel were blocked by adding 0.1 M Tris-HCI, pH 8.0 at 25 ¢ jncreasing concentration of VCR in our laboratory,
°C for 2 h, the uncoupled oligomers were washed three t'mesdisplays high resistance to VCR (2300-fold), VBL (1400-
sequentially with low an_d high pH buffer solutions (_sqdium fold), and DOX (20-fold) compared to HL60 cells (Table
acetate, pH 4.0, and Tris-HCI, pH 8.0, each containing 0.5 1y One of the mechanisms involved in the high degree of
M NaCl), and the sepharose slurry was packed in a column gy resistance in HL60/Vinc and HL60/VCR cells can be
with 0.8 mL of DNA-binding buffer. Following the binding  atributed to their high P-gp expression levels, as determined
of the nuclear proteins, the column was washed, and thenpy \western blot analysis using C219 monoclonal antibody
the bound proteins were eluted with 500 of DNA-binding that recognizes P-gp, as described (Figure 1). Figure 1 shows
buffer in the presence of stepwise increasing KCI concentra- hat while P-gp expression is detectable in HL60/Vinc (lane
_tlons (0.2, 0.4, 0.6,.0.8, an'd 1.0 M). Th.e KCI concentration 2), it is highly expressed in HL60/VCR (lane 3), while P-gp
in the eluted protein solutions was adjusted to 0.04 M for |eyels were under detectable levels in HL60 cells (lane 1).
further analysis by SDSPAGE followed by silver staining,  gjnce HL60/VCR cells express higher amounts of P-gp
EMSA, and DNase | protection assays. Silver staining was compared to HL60/Vinc cells, the molecular mechanisms
performed using the silver staining kit (Sigma, St. Louis, inyolved in the overexpression of P-gp were analyzed using
MO) as described by the manufacturer. HL60/VCR cells in the rest of this study.

DNase | Protection AssaypNase | protection assay was Analysis of the MDR1 Gene Expression in HL60 and
carried out using the core foot-printing kit (Promega) as | go/VCR Cells To determine whether overexpression of
described by manufacturer. In short,x210* com of the  p_g5 is controlled at the mRNA level in HLG0/VCR cells,
241 bpMDR1 promoter DNA probe, digested witad at RT-PCR was performed to deteDR1 mRNA levels as
37 °C for 2 h toobtain a singly end-labeled probe at the yescribed. As seen in Figure 2A, a high level MDR1
forward strand, was incubated with-80ug nuclear extracts  RNA was detected in HLG0/VCR cells while it was under
or 1-3 ng of the purified CAAT-binding protein in the  getectable levels in HL60 cells (lanes 3 and 2, respectively).
presence of excess cold CAAT, GC-box, andgtof poly — The g-actin mRNA levels, used as internal controls, were
(dI-dQ) used as nonspecific comp_etltor under the conditions gimilar in both of the cell lines (Figure 2A, lanes 5 and 4,
described above. Then, the protein-bound DNA was treatedggpectively). These results show that the overexpression of
with DNase | (1.5 units/mL) at 23C for 1 min in the  p_g, s regulated at the mRNA level in HL60/VCR cells.
presence of 0.5 mM Ca and 1.0 mM Mg". Following To further investigate whether the highDR1mRNA levels
phenol/chloroform extractions, the digested probes were gre due to increased levels of transcriptional initiation in
precipitated, resuspended in sequencing loading buffer, andy go/vcR cells, nuclear run-on analysis was performed
sep_arated on 12% sequencing gels and visualized by aUto'using the full-length 4.2 KMDR1and 1.8 kkp-actin cDNA,
radiography. used as an internal control, as described. Our results show
RESULTS that [o-*?P]JUTP-labeled nuclear run-on transcripts of HL60/
VCR detected high levels ¢iDR1cDNA (Figure 2B, panel

Detection of Drug Resistance and P-gp Expression 2, lower band), compared to that of HL60 cells (Figure 2B,
Characteristics in HL60, HL60/Vinc, and HL60/VCR Cells panel 1), whiles-actin ¢cDNA was detected by labeled
The degree of drug resistance to vincristine (VCR), vinblas- transcripts of both cell lines at similar levels (Figure 2B,
tine (VBL), and doxorubicin (DOX) in HL60, HL60/Vinc,  upper band in panels 2 and 1, respectively), suggesting that
and HL60/VCR cells were analyzed by MTT cell survival MDR1 mRNA expression is controlled by increased tran-
assay, the I value of each drug was determined from the scriptional initiation in HL60/VCR cells.
cell survival plots as described, and the results are presented Identification of a Positie Regulatory Region in the MDR1
in Table 1. The data show that HL60/Vinc cells are resistant Promoter To determine whether the transcriptional control
to VCR, VBL, and DOX (about 1300-, 620-, and 8-fold) of MDR1 is mediated by increased promoter activity in
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Ficure 2: Analysis ofMDR1transcription in HL60 and HL60/VCR cells. (A) The mRNA levelsMDR1in HL60 and HL60/VCR (lanes

2 and 3, respectively) were analyzed by RT-PCR. Bractin mRNA levels in these cells (lanes 4 and 5, respectively) were used as
internal controls. The RT-PCR products were run on 2% agarose gels and visualized by EtBr staining. Lane 1Hadthing ¢X174

DNA fragments used as molecular weight markers. (B) The transcriptional initiation dBi#1 (lower band) angb-actin (upper band)

genes in HL60 and HL60/VCR (panels 1 and 2, respectively) were analyzed by nuclear run-on assay as described in Experimental Procedures.
Equal counts of-32P]JUTP-labeled nuclear run-on transcripts were hybridized with slot-blots containing full-length MPR4d and 1.8

kb -actin cDNAs. The results shown above are representative of at least two independent experiments.

— [-actin

—MDRI

A éI;SAGAGAGGTGCAACGGAAGCCAGAACATTCCTCCTGGAAATTCAACCTGTTTCGCA Containing the 241 bMDRlpromOter fragment were abOUt
5.2-fold higher compared to that of HL60 cells, while in
T CTCOAGGAATC AGC AT e AT GAGC GGG AGCAGTCATCTGTGOTGA controls, where both HL60 and HL60/VCR cells transfected
1 YBox CARTfiemetit SP1 with the pGL3-basic plasmid alone, luciferase activity levels
OdCIGAITAGERaGGC AGG AACAGCGAGGAGCATGAHCTGAG CACAGCCACTTOG were similar. These results suggest thDR1 promoter
- activity is upregulated by positive regulatory transcription
CTCTCTTTGCCACAGGAAGCCTGAGCTCATTCGAGTAGCGGCTCTTCCAAGCTCAAA factor(s) in HL60/VCR cells, but not in HL60 cells.
+1 . . . .
" Therefore, in an attempt to identify the region(s) of the 241
GAAGCAGAGGCCGC bp MDR1promoter involved in upregulating its activity, the
B pGL3-promoter plasmids containing ds-oligomers with CAAT-

1 ame like, CAAT-deleted, GC-box, and nonspecific fragments
51 mHLeve upstream of the SV-40 promoter and luciferase gene were
constructed as described in Experimental Procedures. The
effects of these fragments on the SV-40 promoter activity
were measured as a function of luciferase activity normalized
to the -gal levels, after cotransfection of the HL60 and
HL60/VCR cells with pGL3-promoter constructs and pSV/
fB-gal plasmids as described. The data show that the CAAT-
like fragment resulted in a significant increase (about 7.8-
fold) in SV-40 promoter activity in HL60/VCR transfectants
compared to controls (Figure 4A). The CAAT-deleted, GC-
FiGURE 3: Analysis ofMDR1promoter activity in HL60 and HL60/ box, and nonspecific fragments did not have a significant

VCR cells. (A) The humanMDR1 proximal promoter DNA . -
sequence, spanning residues betwe@88 to-+43 with respect to effect on the luciferase activity of the HL60/VCR transfec-

the major transcriptional start sité-{), contains recognition sites ~ tants expressing 1.7-, 1.8-, and 1.1-fold more luciferase
such as SP1 (underlined), AP1 (overlined/italicized), Y-box, GC- activity compared to controls (Figure 4A). Similarly, these

box, and CAAT-like (in bold) motifs for various transcription  fragments did not have any significant effect on the activity

factors. (B) The analysis of wMDR1 promoter activity was ~ : :
performed by luciferase assay as described in Experimental of the SV-40 promoter in HL6O transfectants (Figure 4A).

Procedures. The 241 BPDR1promoter DNA fragment-{198 to These results suggest that the CAAT-like region of\ti2R1
+43) was cloned into the pGL3-basic (pGL3-B) vector upstream promoter is likely to interact with positive regulatory factor(s)
of the luciferase gene. After cotransfections, luciferase activity levels in HL60/VCR cells but not in HL60 cells. To confirm that
were measured in HL60 and HL60/VCR cells and normalized to ;1,4 CAAT-region is involved in upregulatinglDR1 pro-
their 5-gal levels. Triplicate samples were used for each time point AT

in two independent experiments. Error bars represent standardMOter activity in HLE0/VCR cells, the mutated 237 bp
deviations. promoter DNA fragment, lacking the CAAT sequence, was

created and cloned into the pGL3-basic vector upstream of

HL60/VCR cells, the 241 bMDR1 promoter DNA fragment the luciferase gene as described. The effects of the mutated
spanning the—198 to +43 region, containing AP1-like, ~MDR1promoter DNA fragment on its activity compared to
CAAT-like, Y-box, and several SP1 recognition sites (Figure the 241 bp wt promoter was assessed as a function of
3A), was cloned into the pGL3-basic vector upstream of the normalized luciferase activity levels by cotransfections of
luciferase gene as describeédDR1 promoter activity was ~ the HL60/VCR and HL60 cells as described above. Lu-
measured as a function of luciferase activity, normalized to ciferase activity in HL60/VCR transfectants containing the
the B-gal levels reflecting equal transfection efficiency, CAAT-deleted 237 bpMDR1 promoter sequence was
following cotransfections of pGL3-basic plasmid constructs reduced dramatically, almost to the levels of controls
with the pSVA-gal control plasmid into HL60 and HL60/  containing only plasmid itself, displaying only 1.6-fold higher
VCR cells as described. As seen in Figure 3B, luciferase activity, while the transfectants with the wt promoter
activity in HL60/VCR cells transfected with the plasmids sequence in HL60/VCR cells had about 6.4-fold more
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Ficure 4. Determination of regions involved in the regulation of
MDR1 promoter activity. (A) Analysis of the effects of oligomers
containing CAAT-like, CAAT-deleted, GC-box, and nonspecific
motifs on SV-40 promoter activity in HL60 and HL60/VCR cells.
The ds-oligomers containing CAAT-like, CAAT-deleted, GC-box,
and nonspecific motifs were cloned into the pGL3-promoter (pGL3-

P) plasmid upstream of SV-40 promoter and luciferase gene as
described in Experimental Procedures. The effects of these oligo-

Ogretmen and Safa

factor(s) in HL60/VCR cells, but not in HL60 cells.
Detection of DNA-Binding Proteins Interacting with the
CAAT-Region of the MDR1 Promoter in HL60/VCR Cells
To detect DNA-binding protein(s) interacting with the
CAAT-region of theMDR1 promoter, EMSAs were per-
formed using a 5end labeled 241 bp ds-DNA probe,
spanning the—198 to +43 region of the promoter, with
nuclear extracts from HL60, HL60/Adr, HL60/Vinc, and
HL60/VCR cells as described. Two major protein complexes
(PC1 and PC2) that interact with the probe were detected in
HL60/VCR cells (Figure 5A, lane 4). The PC1 of HL60/
VCR cells seems to interact with théDR1promoter probe
specifically at the CAAT region, as revealed by its complete
competition by excess cold probe and CAAT oligomer
(Figure 5A, lanes 5 and 6, respectively), but not by excess
(at 100-fold molar excess) CAAT-deleted, GC-box, nonspe-
cific, AP1, SP1, NFB, C/EBP, or YY1 oligomers (Figure
5A, lanes 6-14, respectively). Interestingly, PC1 was not
detectable in nuclear extracts of non-P-gp expressing HL60
and HL60/Adr cells (Figure 5A, lanes 2 and 3, respectively).
The amount of PC1 in HL60/Vinc cells was about 3-fold
less than that of HL60/VCR cells (Figure 5B, lanes 3 and 2,
respectively), consistent with their P-gp expression levels.
Moreover, PC2 did not compete with the cold probe or any
other competitors in EMSAS, suggesting that it interacts with
the probe nonspecifically. Similar results were obtained when
the B-end labeled CAAT-oligomer was used as a probe in
EMSAs with HL60/VCR nuclear extracts, showing that PC1
specifically interacts with the CAAT-region (Figure 6, lane
2). The excess cold CAAT oligomer completely inhibited
PC1 (Figure 6, lane 3); however, its binding was not affected
by CAAT-deleted, GC-box, or nonspecific oligomers at 100-
fold molar excess (Figure 6, lanes-@, respectively). To
assess the affinity of PC1 in HL60/VCR extracts for CAAT
segment of theV'DR1 promoter, competition experiments
were performed using increasing amounts of cold CAAT and
CAAT-deleted oligomers at 0, 10, 25, 50, and 100-fold molar
excess in EMSAs (Figure 7, lanes-% and 6-10, respec-
tively). As seen in Figure 7, CAAT oligomer at 25-fold molar
excess significantly reduced the binding of PC1 (about 50%)
to the CAAT-oligomer probe (lane 3). However, the CAAT-
deleted oligomer did not affect the PEDNA interaction
at 0—100 molar excess (Figure 7, lanes-H)). Taken
together, these results show that PC1, involved in upregu-
lating MDR1 promoter activity, interacts with tHelDR1

mers on the SV-40 promoter activity were measured as a function Promoter specifically and with a high affinity to the CAAT-

of luciferase activity following cotransfections of HL60 and HL60/
VCR cells and luciferase activity levels were normalizegi{gal
levels. (B) Analysis of wt and mutated (lacking CAANJDR1
promoter activities in HL60 and HL60/VCR cells. The 241 bp wt
and 237 bp mutated (CAAT-DeNIDR1promoter DNA fragments

segment in HL60/VCR cells.

Characterization of PC1 That Interacts with the CAAT
Region of the MDR1 PromoteTo determine the molecular
weight of PC1 which binds specifically the CAAT region

were cloned into the pGL3-basic vector upstream of the luciferase Of the MDR1promoter, UV cross-linking following EMSAs

gene and luciferase activity levels in HL60 and HL60/VCR
transfectants were measured and normalized to fheal levels

as described above. The results shown above are representative gf
triplicate samples used in two independent experiments. Error bars

represent standard deviations.

luciferase activity than controls (Figure 4B). The wt or

was performed and the cross-linked protePNA com-
lexes were separated by 55% SDS-PAGE as described.
sing HL60/VCR extracts and '®end labeled CAAT-
oligomer probe, a single protetDNA cross-linked complex
with a total mass of about 150 kDa was detected (Figure 8,
lane 1). The mass of the protein was estimated as 134 kDa

mutated MDR1 promoter fragments did not have any by subtracting the mass of the probe, calculated as about 16
significant effect on luciferase activity in HL60 transfectants kDa (Figure 8, lane 1) from the total mass of the cross-linked
(Figure 4B). These results further suggest that the CAAT- complex. The specificity of the cross-linked protein was
region is involved in upregulatinyIDR1 promoter activity confirmed by its complete competition with excess amounts
by possibly interacting with positive regulatory nuclear of cold CAAT, but not CAAT-deleted oligomer (Figure 8,
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Ficure 7: Determination of the affinity of tht1DR1 promoter-
binding protein complex (PC1) to the CAAT-motif. The affinity

of the PC1 complex for the CAAT-segment of ti®R1promoter

is determined by incubating HL60/VCR nuclear extracts with the
5'-end labeled CAAT oligomer probe in the absence or presence
of increasing concentrations of cold oligomers at 0, 10, 25, 50,
and 100-fold molar excess containing CAAT (lanes5] respec-
tively) and CAAT-deleted (lanes-610, respectively) motifs in
EMSAs as described previously. The results shown are representa-

FIGURE 5; Detection oMDR1promoter binding proteins by EMSA  tive of two independent experiments.
in HL60 and HL60/VCR cells. (A) The 'send labeled 241 bp
MDR1 promoter DNA probe +198 to +43) was incubated with 1 2 3
nuclear extracts from HL60/VCR cells in the absence (lane 4) or kDa

presence of cold probe (lane 5), and oligomers containing CAAT-
like, CAAT-deleted, GC-box, nonspecific, NéB, SP1, AP1, 220 -
C/EBP, and YY1 (lanes 614, respectively) motifs at 100-fold
molar excess in EMSAs. Panel A, lanes 2 and 3, contain nuclear R BEY
extracts from non-P-gp expressing HL60 and HL60/Adr cells
incubated with the probe. Panel B, lanes 2 and 3, contain nuclear

extracts from HL60/VCR and HL60/Vinc, respectively, incubated 97:
with the probe. Lane 1 in Panels A and B contains unbound free 66
probe. Proteir DNA complexes were separated on 5% native 46
polyacrylamide gels and visualized by autoradiography. The results

shown above are representative of at least three independent 30

experiments.

23

14_

FiIGure 8: UV cross-linking analysis of nuclear proteins interacting
with the CAAT-segment of th®IDR1promoter. The 5end-labeled
CAAT-like oligomer probe was incubated with the HL60/VCR
nuclear extracts in the absence (lane 1) or presence of cold probe
(lane 2) and CAAT-deleted oligomer (lane 3) under EMSA
conditions described previously. ProteiBNA complexes were
then exposed to UV light (302 nm) for 30 min on ice, determined
as the optimum time point for cross-linking as described in
Experimental Procedures, separated by15% SDS-PAGE and
visualized by autoradiography. The molecular weight markers are
indicated on the left. The results shown above are representative
of three independent experiments.

pletely competed in the presence of excess cold probe (Figure
9, lane 2). No signal was detected using HL60 extracts in
Southwestern blot analysis (Figure 9, lanes 3 and 4,
Ficure 6: Detection of nuclear proteins interacting with the CAAT-  respectively). These results together show that the molecular
region of the MDR1 promoter in HLGO/VCR cells by EMSA. 3555 of the protein interacting with the CAAT-region is most

Nuclear extracts from HL60/VCR cells were incubated with the . . .
5'-end labeled ds-CAAT-like oligomer probe in the absence (lane likely around 130 kDa. In addition, to determine whether

2) or presence of cold probe (lane 3) and oligomers containing PC1 contains other subunit(s) with low or no DNA-binding
CAAT-deleted, GC-box, and nonspecific (lanes 4, 5, and 6, ability, EMSAs with HL60/VCR nuclear extracts and CAAT
respe_ctively) motifs in EMSAs. Lane 1 co_ntains free pro_be. oligomer probe were performed (Figure 10A, lanes3L
Protein-DNA complexes were run on 5% native polyacrylamide 1 pc pands were then excised from polyacrylamide gels.
gels and visualized by autoradiography. Results shown are repre- - . :
sentative of at least three independent experiments. Following electroelution, PC1 was subjected te 5%
SDS-PAGE and analyzed by silver staining (Figure 10B).
lanes 2 and 3, respectively). Moreover, to confirm the Interestingly, silver staining of the electroeluted protein
estimated molecular mass of the PC1 in UV cross-linking revealed that it contains two polypeptides with molecular
experiments, Southwestern blot analysis was performed. Amasses of about 130 and 162 kDa (Figure 10B). These results
128 kDa protein, interacting with theé-Bnd labeled CAAT further suggest that the p130 is the DNA-binding factor of
oligomer probe in HL60/VCR extracts, was identified in the complex, consistent with its molecular mass obtained
Southwestern analysis (Figure 9, lane 1), which was com-from UV cross-linking and Southwestern blot analysis
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Ficure 9: Southwestern blot analysis of nuclear proteins interacting
with the CAAT-segment of th&IDR1 promoter. Nuclear extracts
from HL60/VCR (lanes +2) and HL60 (lanes 34) cells were
separated by-515% SDS PAGE containing 6.5 M urea and blotted
onto an Immobilon membrane as described. The membranes wer
then incubated with the'®nd labeled CAAT-like oligomer probe

in the absence (lanes 1 and 3) or presence of cold probe (lanes
and 4). The DNA-protein complexes were visualized by autora-
diography. The molecular weight markers are indicated on the left.
The results shown are representative of two independent experi-
ments.

A B
12 3
~PC1
! 1. electroelution
A 2. SDS/PAGE
kDa 3. silver staining
220_

Ficure 10: Analysis of electroeluted PC1 complex by silver
staining following EMSA. (A) Nuclear extracts from HL60/VCR
cells were incubated with theé-8nd labeled CAAT-like oligomer
probe (lane 1) in the presence of cold probe and GC-box (lanes 2
and 3, respectively) oligomers as described in EMSA. (B) The PC1
complex interacting with the CAAT-segment of thEDR1 promoter
was then excised from polyacrylamide gels, electroeluted and
separated by 515% SDS-PAGE. The proteins were visualized
by silver staining as described in Experimental Procedures. Mo-
lecular weight markers are indicated on the left. The results shown
are representative of three independent experiments.

(Figures 8 and 9, respectively). However, the p162 was not
detectable in cross-linking or Southwestern blot analyses,
suggesting that it has a low binding affinity to the CAAT
oligomer probe or that it might not have DNA-binding
ability. As a control, the nonspecific PC2 was excised,
electroeluted, and analyzed by silver staining as described
above. Neither p130 nor p162 were detected in eluted PC2
(data not shown), confirming that they are specific for PC1,
and they do not represent any contaminating peptides during
electroelution. However, the presence of minor bands in the
silver-stained gel containing electroeluted PC1 (Figure 10B)
suggests that some other polypeptides might interact with
MDR1 promoter with lower affinity. They might also

represent some contaminating peptides coeluted with PC1,

Ogretmen and Safa

KCI

Ficure 11: Purification of the PC1 complex using DNA-sepharose

eaffinity column. (A) PC1 complex interacting with the CAAT-

segment of thiiDR1promoter was purified using a specific DNA-

2sepharose affinity column conjugated with the cold CAAT-like

oligomer as described in Experimental Procedures. The proteins
bound to the CAAT-column were eluted sequentially with 0, 0.2,
0.4, 0.6, 0.8, and 1.0 M KClI, (lanes-B, respectively) and eluates
were incubated with the'#end-labeled CAAT-like oligomer probe

in EMSASs as described. ProteiDNA complexes were separated

in 5% native polyacrylamide gels and visualized by autoradiogra-
phy. (B) Nuclear extracts from HL60/VCR cells were incubated
with the CAAT-oligomer probe in the absence (lane 1) or presence
of cold probe (lane 2) and oligomers containing CAAT-deleted and
GC-box (lanes 3 and 4, respectively) in EMSAs. Lane FP contains
unbound free probe. (C) The PC1 complex purified using DNA-
sepharose affinity column and eluted in the presence of 0.8 M KClI
was separated by-515% SDS-PAGE and visualized by silver
staining. Molecular weight markers are indicated on the left. The
results shown are representative of two independent experiments.

since similar minor bands were also observed in the
electroeluted PC2 controls (data not shown).

Purification and Characterization of the PC1 by Specific
DNA-Affinity ChromatographyThe PC1 that binds specif-
ically the CAAT-region of theMDR1 promoter was purified
from HLE60/VCR extracts using a DNA-sepharose affinity
column conjugated with the CAAT oligomer as described
in Experimental Procedures. The protein fractions that bind
the column were eluted with stepwise increasing concentra-
tions of KCI (Figure 11A, lanes-16), and their functional
integrity and specificity were analyzed by EMSAs with
labeled CAAT oligomer probe. As Figure 11A shows,
fractions eluted with 0.6, 0.8, and 1.0 M KCI (lanes 4, 5
and 6, respectively), but not with 0.1, 0.2, and 0.4 M KCI
(lanes 13, respectively), interacted with the CAAT probe,
as revealed by a strongly shifted PC1 band identical to that
obtained with total nuclear extracts in the absence or presence
of excess cold CAAT, CAAT-deleted, and GC-box oligomers
(Figure 11B, lanes 14, respectively). To determine the
molecular mass of the fraction eluted with 0.8 M KClI, silver
staining following SDS-PAGE was performed (Figure 11C).
Consistent with our previous results obtained using eletro-
eluted PC1 from polyacrylamide gels following EMSAS,
pl30 and pl162 were detected in the 0.8 M KCI fraction
(Figure 11C). These results strongly suggest that PC1 consists
of two components and that p130, which we refer to as
MDRI-promoterenhancingfactor 1 (MEF1), has a strong
DNA-binding ability, with a high specificity to the CAAT
region of theMDR1 promoter. As seen in Figure 11C, there
were no minor bands in the silver-stained gel, indicating that
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12B, the 5 singly end-labeled MDR1 promoter probe (197
bp), generated bySad digestion, contains the '&5T-
bp 2345678 CAATCC-3 sequence between nucleotide81 to —88.

200_
DISCUSSION

Multidrug resistant HL60/VCR human AML cells display
high resistance to VCR, VBL, and DOX, compared to
sensitive HL60 cells. The multidrug resistant phenotype can
be attributed to overexpression of P-gp in these cells. The
molecular mechanisms underlying the overexpression of P-gp
in HL60/VCR cells are not well-known. This study shows
that P-gp expression is regulated at the transcriptional level,
= specifically by increased transcriptional initiation of the
s i MDR1gene in this cell line. The data presented in this study
. 4 .y s also provide evidence that thdDR1 promoter is activated
w8 by a nuclear complex that specifically interacts with the
~n . CAAT-region. Our results indicate that this nuclear factor
consists of two polypeptides with molecular masses of about
130 and 162 kDa, as determined by DNA-sepharose affinity
column and electroelution following EMSA. Moreover,
Southwestern and cross-linking analysis showed that only
B p130, referred to as MEF1, seems to bind the CAAT-region

Sac 1 of the MDR1 promoter with high affinity and specificity.
5.32p The function of pl162 is not known and remains to be

T preastes L 4 > determined. However, it might act as an ancillary protein to

< I I etermine , g yp

o o . 07 a1 573%p MEF1, as observed in Ets family members in which GAPB
binding to DNA is greatly enhanced by GAPBB(27).

Ficure 12: DNase | protection assay for the analysis of the wt Similarly, two component factors, consisting of DNA-binding
MDR1 prdmoter DNAF\)_ (A) The 5 squeg end-labgledMDRl protein p37 and its partner p49 that does not bind DNA but

promoter probe (197 bp), generated ®gd digestion, incubated IS necessary for strong binding of p37, were reported to be
with DNase | in the absence (lanes 1 and 8) or presence of 40, 60,involved in silencing the adenine nucleotide translocator
and 80ug HLE0/VCR nuclear extracts (lanes-2, respectively)  isoform 2 (ANT2) in HeLa cells Z8). Moreover, DNase |

or DNA affinity column purified MEF1 eluted with 0.8 M KCl  yrgtection assay implies that MEF1 interacts with the 5
(lane 5). Protection of the probe was observed in a region SpannmgGTCAATCC 3 el t of thaVIDR1 ter. In additi
nucleotides—81 to—88. The presence of excess cold CAAT (lane i -5 element of the promoter. In addition,
7), but not GC-box (lane 6), oligomer inhibited the protection of deletion of the CAAT motif in EMSAs almost completely
this region in the presence of &@ nuclear extracts. One hundred abolished the binding of MEF1 to tidDR1promoter DNA

base pair $?P]-labeled molecular weight markers are indicated on fragment, suggesting that CAAT is the core binding element

the left. The protected regions are indicated on the right. The resultsof MEF1. Furthermore. this was evident in transient tras-

shown are representative of three independent experiments. (B) Th - -
5 singly end-labeledMDR1 promoter DNA probe (197 bp). Fections of HL60/VCR cells with the mutatetDR1

generated by digestion of the 241 MDR1 promoter DNA with promoter, Iacking CAAT, DNA fragment/luciferase plasmld
Sad, contains the GTCAATCC sequence between nucleoties constructs in which no change in luciferase activity was
to —88. The figure is not drawn to scale. detected, whereas transfectants containing thevViR1
o o ~ promoter or CAAT-like oligomer/luciferase plasmids ex-
the purification of PC1 by DNA affinity chromatography is  pressed about-57-fold more luciferase activity compared
much more specific than purification by electroelution 5 controls. Taken together, these results suggest that MEF1
(Figure 10B). might be a CAAT-binding protein, although its recognition
Identification of MEF1-Binding Sites on the MDR1 element is slightly different than the typical CCAAT-box
Promoter by DNase | Protection Assdrotein-binding site motif. No known protein was obtained from a search of the
using 0, 40, 60, and 8@g of HL60/VCR crude extracts and GenBank for nuclear factors recognizing GTCAATCC
theMDR1promoter probe labeled at theénd of the coding  hexanucleotide element with a molecular mass of about 130
(forward) strand, generated by Sac | digestion, was deter-kDa, indicating that MEF1 might be a novel transcription
mined by DNase | protection assay (Figure 12A, laned 1 factor involved in activating th#DR1 promoter in HL60/
respectively). As shown in Figure 12A, lanes4, the most VCR cells. This, however, needs further investigation.
strongly protected region covers nucleotide81 to —88. In addition, MEF1 was not detected in EMSAs using
The protection of this region was inhibited by the presence nuclear extracts from sensitive HL60 and drug resistant non-
of excess CAAT oligomer, but not GC-box oligomer (Figure P-gp expressing HL60/Adr cells, consistent with its involve-
12A, lanes 7 and 6, respectively). As Figure 12A shows, ment in upregulatingMDR1 promoter activity. Similarly,
the use of the affinity chromatography purified fraction eluted MEF1 was not detectable in P-gp overexpressing MCF-7/
with 0.8 M KCI with the forwardMDR1 probe resulted in  Adr human breast cancer cells (data not shown). Thus, these
protection of the nucleotides81 to—88 (lane 5), compared  results suggest that the control MDR1 promoter activity
to the DNase | digested probe in the absence of protein could be cell line or tissue specific, which is consistent with
(Figure 12A, lanes 1 and 8). Moreover, as shown in Figure previous studies in which many positive or negative regula-
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tory proteins were reported to play a role in its control in
different cell lines 14, 19). Recently, it was also reported
that there is an inverse correlation between methylation and
MDR1expression in clinical AML sample2$), suggesting
that hypomethylation of CpG sites on tMDR1 promoter
might be required for the expressionddDR1 mRNA (30).

Itis not known, however, whether there is a relation between
the methylation status of theIDR1 promoter and MEF1
binding in HL60/VCR nuclear extracts.

There is evidence indicating that mutated p53 and P-gp 12.

expression is often coexpressed and associated with a poor
prognosis in human breast cancer cedl$) (It has also been
suggested that wild-type p53 interacts with various regions
of the MDR1 promoter and is involved in the negative
regulation of its activity in the Saos-2 and BHK cell lines
(32). However, the control oMDR1 transcription in HL60

or its drug-resistant derivative HL60/VCR cells is p53-
independent since these cells do not express B3334).
Moreover, it should be noted that HL60/VCR cells are very
resistant to VCR and VBL (which target tubulin), displaying
more than 1000-fold more resistance compared to HL60
cells. In contrast, these cells display lower resistance to DOX
(which targets DNA), about 20-fold, compared to HL60 cells,

suggesting that non-P-gp related mechanisms may contribute 20.

to the high levels of resistance to VCR and VBL in HL60/
VCR cells. However, we also showed that MEFL1 is over-
expressed in HL60/Vinc cells expressing lower resistance
to Vincaalkaloids. Our data demonstrate the role of MEF1
in regulating MDR1 expression, but the molecular mecha-
nisms of how it increases transcription of this gene remains
to be found.
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