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The lung resistance-related protein (LRP) was iden-
ified as the human major vault protein (MVP), and is
verexpressed in various multidrug-resistant cancer
ell lines and clinical samples. We characterized DNA
equences upstream to the transcription initiation
ite of the MVP gene in the human non-small cell lung
ancer cell line SW-1573. A 1.9-kb and a shortened
.7-kb fragment of the 5*-upstream genomic region
how strong promoter activity in chloramphenicol
cetyltransferase (CAT) reporter assays. The pro-
oter is TATA-less and contains an inverted CCAAT-

ox and a Sp1 site located near to a p53 binding motif.
n alternative 3*-splice site of intron 1 results in a
plicing variant within the 5*-untranslated region of
VP mRNA. © 2000 Academic Press

Key Words: multidrug resistance; human major vault
rotein/lung resistance-related protein; gene promoter.

Vaults are the largest known ribonucleoprotein
omplexes (13 MDa) and are highly conserved
hroughout evolution. These cellular particles con-
ist of a small untranslated RNA and of three pro-
eins: the lung resistance protein LRP (1), identified
s the major vault protein MVP (2; to follow the more
ecent nomenclature, we will hereafter refer to LRP
s MVP), and the minor vault proteins p193 and
240.
Distribution of MVP in normal human tissues

howed that of other drug-resistance-related pro-
eins, with high expression in tissues chronically
xposed to xenobiotics. In the context of drug resis-
ance vaults are suggested to be involved in the

The nucleotide sequences reported in this paper have been sub-
itted to the EMBL/GenBank database under Accession Nos.
J238509–AJ238519.

1 Present address: GenProfile AG, Robert-Rössle-Strasse 10, 13125
erlin, Germany.

2 To whom requests for reprints should be addressed at Max-
elbrück-Center for Molecular Medicine, Robert-Rössle-Strasse 10,
3092 Berlin, Germany. Fax: 49-30-9406-2780. E-mail: ustein@mdc-
erlin.de.
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efense against xenobiotics (for review: 3). Expres-
ion of MVP in clinical specimen had been observed
n a variety of human tumors. It revealed for certain

alignancies that MVP expression might be predic-
ive of response to chemotherapy and prognosis, as
epeatedly reported for, e.g., acute myeloid leuke-
ia, multiple myeloma, and advanced ovarian carci-
oma (3).
Previous studies have demonstrated that vaults are

p-regulated in different multidrug resistant (MDR)
ancer cell lines (e.g., 4, 5). Increased levels of MVP
ave been reported in numerous cell lines after selec-
ion with a wide panel of cytostatic drugs, such as
oxorubicin, mitoxantrone, methotrexate, etoposide,
incristine, cytarabine and cisplatin (6–12). Up-
egulation of both MVP and the minor vault protein
193 have been published very recently (13). Moreover,
ifferentiating agents like sodium butyrate (14), the
arcinogen benzopyrene (15), and phorbolester (11)
ere shown to activate MVP transcription. By con-

rast, tumor necrosis factor-a either applied externally
r after gene transduction led to down-regulation of
VP transcription (16). Reversal to a sensitive pheno-

ype by expression of two MVP-specific ribozymes in-
icated that MVP may be directly involved in multi-
rug resistance (14).
To our knowledge thus far, no reports have analyzed

he molecular basis for this phenomenon of modulating
VP gene transcription by external stimuli. Investi-

ating the regulation of the MVP gene is essential to
larify its role in resistance of various tumors to che-
otherapeutic drugs. In this study we approached this

ssue by focussing on the transcription initiation site of
he MVP gene in the non-small cell lung cancer cell line
W-1573 which shows moderate expression of MVP

while its doxorubicin-resistant derivative SW-1573/
R120 up-regulates MVP transcription, 1). We present
he organization of the genomic region upstream of the
dentified transcription initiation site and show its
trong promoter activity.
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.
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Cell culture. The human non-small cell lung cancer cell line SW-
573 was kindly provided by Dr. Henricus J. Broxterman (Free
niversity Hospital, Amsterdam, The Netherlands), and grown in
PMI 1640 medium at 37°C, 5% CO2 as described (17). Colon carci-
oma cell lines HCT15 and HCT116 were cultured in RPMI 1640
edium at 37°C, 5% CO2 as described previously (16).

Isolation and amplification of human genomic DNA. For isola-
ion of SW-1573 genomic DNA, 1 3 107 cells were trypsinized, sus-
ended in 1 ml RPMI 1640 medium, and washed twice by centrifu-
ation (900 rpm, 4°C, 5 min) with ice-cold PBS. Cells were
esuspended in 1 ml freshly prepared extraction buffer [100 mM
ris–Cl (pH 8.0), 50 mM EDTA, 500 mM NaCl, 10 mM
-mercaptoethanol] and were lysed by two cycles of freezing in a
ry-ice/ethanol bath and thawing at room temperature. Then the
rocedure described by Dellaporta et al. was proceeded (18). Genomic
NA was dissolved in 10 mM Tris–Cl (pH 8.0) containing 0.1 mg/ml
Nase A (Roche Diagnostics, Mannheim, Germany) overnight at
°C.
To amplify genomic sequences of the MVP gene, the GeneAmp

CR Reagent Kit including AmpliTaq Gold DNA polymerase
Perkin–Elmer, Weiterstadt, Germany) was used according to the
anufacturer’s recommendations. For amplification of intron 1 of

he MVP gene, Combipol DNA polymerase (InViTek GmbH, Berlin,
ermany) was used following the manufacturer’s instructions. The
VP primers used for conventional polymerase chain reaction (PCR)

re: MVP_2, 59-AGGCAGCCCTTTATTTCAGAGAAT; MVP_4,
9-AGGTTCATCCTGTGTCGTCTC; MVP_9, 59-GACAAGGTGCT-
TCGGACATGAAGAGA; MVP_10, 59-TTCCCAAGTTTCTCAAT-
TCTGGGC; MVP_11, 59-AGCAGAAGCAAGGCCCTTCAAAGC-
AG; MVP_15, 59-TCAGACTCAGAAGATTCAGTCCAGG; MVP_17,
9-CCTGATGATGGTGGCCTGAATGATC.

Genome walking. For isolation of 59-flanking sequences of the MVP
ene, a nested PCR genome walking method adapted from Shyamala
nd Ames (19) was used. Five mg genomic DNA of the human cell line
W-1573 was digested with the restriction endonucleases KpnI or
coRV (Roche Diagnostics). DNA was purified using the QIAquick PCR
urification Kit (Qiagen GmbH, Hilden, Germany) and eluted in 60 ml
0 mM Tris–Cl (pH 8.0). Ten ml were ligated into a KpnI or EcoRV
igested Bluescript II KS vector (Stratagene, Amsterdam, The Nether-
ands). For genome walking beyond the putative transcription start
oint of the MVP gene, a gene specific primer MVP_# and a nested
rimer MVPnested_# were designed according to the published cDNA
equence (GenBank Accession No. X79882). The MVP primers used for
enome walking are: MVP_1, 59-TCCAGCACATGGATATAGTGG-
ATG; MVPnested_1, 59-GGATGCGGATGATGAACTCTTCA; MVP_3,
9-AAGTGCAGGTAGCTGCAACAAAC; MVPnested_3, 59-CAACAA-
CGCCTCAGATGGGGAA; MVP_3/c, 59-GTTTGTTGCAGCTACCTG-
ACTT; MVPnested_3/c, 59-TTCCCCATCTGAGGCGTTTGTTG.
In the primary PCR, the two genomic libraries were amplified in a

otal volume of 50 ml containing 10 pmol of each MVP_# and the
ector primer M13 reverse 5*-CAGGAAACAGCTATGACCATG, 200
M dNTP, 2 mM MgCl2, 1.25 units AmpliTaq Gold DNA polymerase

Perkin–Elmer), 13 reaction buffer, and 2 ml of the 1:20 diluted
igation mix. The PCR products were purified and the secondary PCR
as performed with the gene specific nested primer MVPnested_#
nd the nested vector primer T3 59-AATTAACCCTCACTAAAGGG.
he PCR conditions used for both reactions were 95°C for 10 min, 30
ycles with 95°C for 20 s, 60°C for 30 s, 72°C for 5 min, and 72°C for
0 min.
Two fragments of the 59-flanking genomic region of the human
VP gene of approximately 1.9 and 0.7 kb in size were successfully

mplified.

Nucleotide sequence analysis. DNA fragments of interest were
ize-separated in 1% agarose gels, excised and purified with the
IAEX II Gel Extraction Kit (Qiagen). Fragments were cloned into
126
idual colonies was sized. Both strands of inserts were sequenced by
nvitek GmbH (Berlin, Germany) on a ABI 373 DNA Sequencer
sing the Dye Terminator Cycle Sequencing Kit (Perkin–Elmer).
rimer design, database searching and in silico analysis of se-
uences was performed with the Heidelberg Unix Sequence Analysis
esources (HUSAR) version 5.0 at the German Cancer Research
enter (Heidelberg, Germany). Sequence analysis of putative pro-
oter sequences was done by searching the TRANSFAC database
sing the MatInspector software (http://genomatix.gsf.de).

Construction of MVP promoter–harboring reporter plasmids. The
wo MVP promoter fragments were cloned into pCR2.1 as described
bove resulting in the clones pCR-MVP1.9 and pCR-MVP0.7. Both
VP promoter fragments were excised by using SpeI/XbaI (Roche
iagnostics) for construction of the CAT-reporter plasmids. The re-

pective SpeI/XbaI MVP promoter fragments were inserted into the
baI site of the pCAT-Basic plasmid (Promega, Mannheim, Ger-
any) to drive CAT-gene expression. Due to the compatibility of the
peI and the XbaI restriction sites this cloning strategy creates both,
ense and antisense MVP promoter constructs (pCAT-MVPprom1.9s
nd pCAT-MVPprom1.9as, as well as pCAT-MVPprom0.7s and
CAT-MVPprom0.7as). Orientation of the pCAT-MVPprom1.9 con-
tructs were determined by HindIII digestion, since this promoter
ragment harbors a unique HindIII restriction site. The orientation
f the pCAT-MVPprom0.7 constructs were determined by AvaI di-
ests, since this fragment carries a unique AvaI restriction site. For
oth MVP promoter fragments, sense and antisense CAT-reporter
onstructs were isolated for CAT assays. Reporter constructs were
equenced on both strands prior to use.

Transfection and CAT-enzyme-linked immunosorbent assay
ELISA). For determination of potential promoter activity the re-
pective CAT-reporter plasmids pCAT-MVPprom0.7s, pCAT-
VPprom0.7as, pCAT-MVPprom1.9s, pCAT-MVPprom1.9as and

ontrol plasmids (promoter-less pCAT-Basic, SV40-promoter-
arboring pCAT-Control) were transfected into the human colon
arcinoma cell lines HCT15 and HCT116 using lipofectin (Gibco
RL, Karlsruhe, Germany) according to the manufacturer’s instruc-

ions. For the transfections 10 mg plasmid DNA and 15 mg lipofectin
ere used.
Cells were harvested 96 h after transfection and suspended in 500

l ice-cold TE-buffer containing the protease inhibitors aprotinin (10
g/ml) and phenylmethylsulfonyl fluoride (0.1 mg/ml) and lysed by 5

ycles of freezing-thawing and cell debris was removed by centrifu-
ation at 14,000 rpm, 4°C for 10 min. Two hundred ml of the respec-
ive cell lysates were subjected to the CAT-ELISA in duplicates as
ecommended by the manufacturer (Roche Diagnostics). Absorbance
as measured at 492 nm in a microplate reader and CAT values
ere calculated from the CAT-standard curve using the
asySoftG200/Easy-Fit software (SLT-Labinstruments, Crailsheim,
ermany). The amount of CAT-protein was normalized to the pro-

ein content of the respective lysate, which was determined by using
he Coomassie Plus Protein Assay reagent (Pierce, Rockford, IL).

Poly(A)1 RNA isolation and construction of a solid-phase cDNA
ibrary. Poly(A)1 RNA from the human cell line SW-1573 was iso-
ated using the Oligotex Direct mRNA Isolation Mini Kit (Qiagen)
ccording to the manufacturer’s instructions. To construct a solid
hase cDNA library covalently bound to oligo(dT)30 latex beads (20),
he instructions were followed including the mRNA oligo(dT)30 latex
omplex formation step. The complex was precipitated by centrifu-
ation for 10 min at room temperature and the pellet was washed
nce in 13 Expand reverse transcriptase reaction buffer (Roche
iagnostics). The precipitate was dissolved in 120 ml of the same
uffer containing 1 mM dNTPs (Perkin–Elmer), 10 mM DTT, 25 mg
ovine serum albumin (Amersham Pharmacia Biotech, Freiburg,
ermany), 100 units RNase inhibitor (Amersham Pharmacia Bio-

ech), 500 units Expand reverse transcriptase (Roche Diagnostics),
nd was incubated at 42°C for 90 min. The reverse transcription mix
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DNA oligo(dT)30 latex complex was washed twice with ice-cold H2O
nd dissolved in 100 ml of the terminal deoxynucleotidyl transferase
eaction mixture (Roche Diagnostics) containing 13 reaction buffer,
mM dATP, 1.5 mM CoCl2 and 100 units terminal deoxynucleotidyl

ransferase. The reaction was carried out at 37°C for 10 min and
erminated by addition of 10 ml 500 mM EDTA. The resulting
ligo(dA)-tailed cDNA oligo(dT)30 latex complex was washed twice
ith H2O.
To prepare the template for 59 rapid amplification of cDNA ends

RACE), we added an adapter sequence containing a restriction site
or SalI for cloning to both ends of the cDNA. The latex complex was
issolved in 100 ml of a second strand synthesis mixture containing
0 pmol UNI-(T17) adapter primer, 59-GGCCACGCGTCGAC-
AGTAC(T17) (Life Technologies, Eggenstein, Germany), 200 mM
NTPs, 13 reaction buffer II and 10.5 units enzyme mix of the
xpand High Fidelity PCR Kit (Roche Diagnostics). Double stranded
DNA synthesis was carried out in a T-Gradient thermal cycler
Biometra, Göttingen, Germany) with 2 cycles of the following pro-
ram: 95°C for 2 min, 36°C for 30 s, heating to 68°C with 0.25°C/s,
8°C for 15 min. The mixture was heated to 95°C for 5 min, cooled
mmediately on ice and the oligo(dA)-tailed cDNA oligo(dT)30 latex
omplex was centrifuged as above, washed twice, and stored in 10
M Tris–Cl (pH 8.0) at 4°C. The supernatants of the washing steps
ith the double-stranded, UNI-(T17)-flanked cDNA were collected,
urified, and used for 59-RACE.

59-RACE analysis and reverse transcription PCR (RT-PCR). For
apid amplification of the 59-ends of MVP cDNA, the same experi-
ental approach as for genome walking, a combination of ligation

nd nested PCR, was used. First, UNI-(T17)-flanked cDNA was to-
ally amplified with the UNI adapter primer harboring an unique
alI restriction site (59-GGCCACGCGTCGACTAGTAC) as previ-
usly described (21). PCR products were purified and concentrated
y ammonium acetate/ethanol precipitation. Eight mg PCR product
ere digested with SalI, purified and precipitated, and 1.6 mg were

igated to 0.4 mg of compatibly SalI digested Bluescript II KS vector
Stratagene) by heating the ligation mix 60°C for 2 min, cooling to
4°C with 0.01°C/s, and incubating at 14°C over night in a
-Gradient thermal cycler (Biometra). The T4 DNA ligase (Invitro-
en, Groningen, The Netherlands) was added at 14°C. Both the
rimary PCR with 10 pmol of each primer MVP_1 and the vector
rimer M13 reverse, and the secondary PCR with 10 pmol of each
rimer MVPnested_1 and the vector primer T3, were exactly carried
ut as described for genome walking. Due to the ligation of fragments
n both directions to the vector, we alternatively used the vector
rimers M13 220 59-TGTAAAACGACGGCCAGTGA and T7 59-
ATTAACCCTCACTAAAGGG, respectively. RT-PCR with poly(A)1

NA was performed with the Gene Amp RT-PCR Kit (Perkin–Elmer)
ccording to the manufacturer’s specifications. Fragments were
loned and sequences were analyzed as described above.

ESULTS AND DISCUSSION

Genomic organization of the 59-regulatory region of
he MVP gene. To isolate putative regulatory se-
uences of the MVP gene, genomic DNA fragments of
he non-small cell lung cancer cell line SW-1573 were
igated into the Bluescript II KS vector. We performed
ested PCR experiments by combining two MVP-
pecific primers with vector primers. This genome
alking strategy enabled us to amplify the 59-
pstream genomic region of the MVP translational
tart site. The exon–intron boundaries of intron 1 were
apped by genome walking, and the complete intron 1

s well as the introns 2–4 were amplified and se-
uenced (Fig. 1A). Altogether, we isolated 14.6 kb of
127
een submitted to the GenBank data library under
ccession Nos. AJ238509–19 (During preparation of

he manuscript, a genomic sequence with the Accession
o. AC009133 was published in GenBank. This se-
uence contains the complete MVP gene consisting of
5 exons and confirms our results.).
Genome walking toward the putative MVP promoter

egion produced two fragments from the KpnI genomic
NA library with 702 bp and 1882 bp MVP-specific

equence, respectively. The resulting clone pCR-
VP0.7 (harboring 702 bp from 2679 to 123 of the

equence in Fig. 1B) is a shortened variant of clone
CR-MVP1.9 (harboring 1882 bp from 21859 to 123),
issing 1180 bp from the 59-end. However, in the se-

uence of pCR-MVP1.9 the expected KpnI site could
ot be found. Furthermore, there was no KpnI site in
ny matching sequence identified by database search.
hus, we concluded that star activity of KpnI as indi-
ated by the manufacturer may have produced the
ragment of clone pCR-MVP0.7.

Nucleotide sequence of the MVP 59-genomic regula-
ory region. Sequence analysis of the 1.9 kb putative

VP promoter revealed several consensus elements
or binding of several known transcription factors, such
s Y-box and E-box, and binding sites for Sp1, p53, and
ignal transducer and activator of transcription
STAT) proteins (Fig. 1B).

The inverted CCAAT box (Y-box) is located at nt
279 to 2275 (where 11 refers to the 59-end of the
VP cDNA with the GenBank Accession No. X79882;
ig. 1B), which is designated to be a recognition site for
-box binding transcription factors such as YB-1 and
F-Y. In the context of multidrug resistance, the in-
olvement of YB-1 in mediating effects of external
timuli such as cytostatic drugs (actinomycin D, cispla-
in, mitomycin C, etoposide) and UV light have already
een reported (22–24). Translocation of YB-1 from the
ytoplasm into the nucleus have been observed after
reatment of cell cultures with DNA-damaging agents
nd irradiation (25, 26). Correlation of an nucleic YB-1
xpression and intrinsic expression of the multidrug
esistance gene 1 (MDR1) have been shown within
ammary carcinomas (27) and osteosarcomas (28).
ince MVP expression regulation, like those for MDR1,
ave also been described after exposure to an entire
anel of cytostatic drugs (6–12), the potential binding
f YB-1 to the inverted CCAAT box within the MVP
romoter might be an causal event for triggering the
ffects of such external stimuli. NF-Y is reported to
ctivate transcription of MDR1 by recruiting the his-
one acetyl transferase P/CAF to the MDR1 promoter
29). The identification of an inverted CCAAT box
ithin the MVP promoter and the observation that
VP is transcriptionally induced by the histone

eacetylase inhibitor sodium butyrate (14) suggests
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FIG. 1. Genomic organization of the 59-regulatory region of the MVP gene. (A) Exon–intron boundaries of the genomic 59-region. The
xons are numbered and marked with black rectangles. The size of the introns (upper panel) and the position of primers used in this study
lower panel) are indicated. Sequences isolated by genome walking with MVP-specific primers are: 1.9 kb upstream of exon 1 with

VPnested_3, resulting in the clones pCR-MVP1.9 and pCR-MVP0.7, respectively; 1.6 kb downstream of exon 1 with MVP_3/c; 1.3 kb
pstream of exon 2 with MVPnested_1. The 10-kb intron 1 was amplified with the primers MVP_3/c and MVP_2; the region between exons
and 5 was amplified with the primers MVP_4 and MVP_17. The translation start point is marked as an asterisk and Alu-repeats are

ndicated with triangles; KpnI, EcoRV, restriction sites derived from genomic libraries. (B) Nucleotide sequence of the MVP 59-genomic
128
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ression.
An E-box element was identified at site nt 285 to
77 providing binding possibilities for members of the
yc/max transcription factor family (30, 31). Correla-

ion of myc expression with poor prognosis have been
ublished for several cancers, and involvement of myc
n drug resistance toward e.g., cisplatin and etoposide
s also known (32, 33).

A binding site for the ubiquitous transcription factor
p1 was identified at nt 264 to 255. This consensus
equence occurs predominantly in TATA-less promot-
rs; the here described MVP promoter sequence and
he MDR1 promoter are both TATA-less with Sp1 bind-
ng sites (34, 35). This Sp1 binding site is closely linked
o a putative palindromic p53 tumor suppressor pro-
ein binding site at nt 253 to 234. The involvement of
53 in drug resistance and on expression modulation of
DR1 and the multidrug resistance-associated protein
(MRP1) have been investigated in numerous studies

35), and effects of wild-type and mutant p53 on MDR1
romoter have been analyzed in several reports (e.g.,
6). Moreover, it was reported that p53 is able to re-
ress transcription initiation of Sp1 by interaction be-
ween both proteins, as it was shown for MRP1 (37). In
ultiple myeloma patients with a p53 deletion, LRP

xpression was more frequently observed than in those
ithout such a deletion (38).
A database search with the BLASTN program iden-

ified a 794-bp cDNA (GenBank Accession No. I76198),
f which the 39-end with nt 794–230 is homologous to
he MVP gene nt 2353 to 2916 (Figs. 1A and 1B).
equence features or putative functions of this cDNA
ere actually not further characterized, although a
revious publication refers to the sequence (39). The
equence of a I76198 specific RT-PCR product from
W-1573 poly(A)1 RNA confirmed that this transcript
lso exists in the analyzed cell line. A genome walking
pproach into the 59-region of I76198 with specific
rimers produced a 1.2-kb fragment with identical se-
uence to the MVP gene 59-region, indicating that the
enomic locus of I76198 is closely linked to the MVP
romoter. Our sequence is identical to all 38 expressed
equence tags (ESTs) identified in the GenBank data-
ase. In contrast, we found seven nucleotide substitu-
ions with respect to I76198 (Fig. 1B), but no open
eading frame could be detected in both sequences.
earching the TRANSFAC database of promoter ele-
ents reveals that this region of the MVP gene con-

ains a lentiviral TATA upstream element at nt 2603

egulatory region. The sequence shown contains the 59-flanking regi
umbering is relative to the 59-end of the cDNA with the GenBank A
y 59-RACE are indicated with asterisks. Transcription factor bind
RANSFAC database are underlined. Nucleotides enclosed in brac
utations identified with respect to I76198 are indicated; nucleotid
129
390, which were defined as lentiviral poly(A) down-
tream elements in the database. Furthermore, we
dentified a putative eukaryotic polyadenylation signal
t nt 2376 of the MVP gene 59-region, and all 38
dentified ESTs have a poly(A) stretch that would arise
rom the usage of this signal. These findings could
ndicate that I76198 may be of viral origin, e.g., a long
erminal repeat of a lentivirus, which is transcribed
nd polyadenylated in human cells. Although it is ex-
ected that transcription of both loci occurs indepen-
ently, there could be possible consequences for the
egulation of the MVP gene.

MVP gene promoter activity in CAT reporter gene
ssay. To test whether the isolated 59-end sequences
f the MVP gene possess promoter activity, the CAT-
eporter assay was performed using CAT-ELISA. The
AT-reporter constructs harbor the 1.9-kb 59-end of

he MVP gene in sense or antisense orientation (pCAT-
VPprom1.9s and pCAT-MVPprom1.9as) to drive the
AT-gene expression. The 0.7-kb fragment, which is a
hortened variant of the 1.9 kb fragment missing 1180
p from the 59-end was also utilized in either sense or
ntisense orientation (pCAT-MVPprom0.7s and pCAT-
VPprom0.7as) to control CAT-expression.
Transfection of the two sense pCAT-MVPprom con-

tructs revealed promoter activity in the two human
olon carcinoma cell lines HCT15 and HCT116. Figure
demonstrates strong promoter activity of the pCAT-
VPprom0.7s construct indicating slightly higher ac-

ivity compared to the SV40-promoter driven CAT-
xpression of the pCAT-Control transduced cells.
owever, if this 0.7 kb fragment is in antisense orien-

ation, the promoter activity drops dramatically in
CAT-MVPprom0.7as transduced tumor cells. The an-
isense orientation reduces the promoter activity to a
fth of the promoter activity exerted by the 0.7-kb
ense fragment. This observation has been made in
oth tumor cell lines indicating that the promoter ac-
ivity for the 0.7-kb fragment is strictly orientation-
ependent.
Similar observations were made with the CAT-

eporter constructs harboring the larger 1.9-kb portion
f the MVP gene 59-region. In contrast to the 0.7-kb
ense fragment, the activity of the 1.9-kb sense frag-
ent did not exceed the promoter activity of the SV40-

romoter driven CAT-expression and was only a third
f the promoter activity determined in the pCAT-
VPprom0.7s-transduced HCT15 and HCT116 cells.

the first exon and the beginning of intron 1 (lowercase letters). All
ession No. X79882 (11). The transcription initiation sites identified

sites with homologies $95% to their consensus sequence in the
s designate the homology to GenBank Accession No. I76198; point
n italic indicate KpnI restriction sites.
on,
cc
ing

ket
es i
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he orientation of the 1.9-kb fragment, however, had
imilar effects on the promoter activity as seen for the
maller 0.7-kb fragment: antisense driven CAT-
xpression is significantly reduced (3-fold) in both tu-
or cell lines. The data obtained with the CAT-

eporter constructs give strong indication that both the
.9- and the 0.7-kb fragment of the 59-end of MVP gene
arbor sequences are associated with the expression
egulation of this resistance-associated gene. The CAT-
eporter assays further indicate that this promoter
egion resides in the 0.7-kb fragment extending from
23 to 2679, whereas the larger 1.9-kb fragment may

arry regulatory sequences that interfere with the pos-
tive regulation of MVP.

Identification of a splicing variant in the 59- untrans-
ated region (UTR) of MVP mRNA. To map the tran-
cription initiation site of the MVP gene, we con-
tructed a solid phase cDNA library of SW-1573
oly(A)1 RNA. A 59-RACE nested PCR approach was
sed with double stranded cDNA ligated via SalI
estriction site to the Bluescript II KS vector (Figs.
A and B). Seven independent 59-RACE clones were
equenced, of which six were mapping to nt 16 and
ne to nt 13 (Fig. 1B), prompting us to assume the
ranscription initiation site at nt 16 in the analyzed
ell line. Two distinct PCR products of 244 and 280
p in size amplified with the primers MVPnested_1
nd T3 were isolated. Sequence analysis revealed
hat the small fragment extends the 59- UTR 74 bp
rom the translational start point, whereas the large
ragment extends the 59-UTR 119 bp due to a 41-bp
nsertion between exon 1 and exon 2. Comparison
ith the flanking genomic sequences of the 10 kb

FIG. 2. MVP promoter activity in CAT reporter gene assay. HCT
ere transiently transduced with pCAT-MVPprom1.9s, harboring th
1859 in sense orientation, or with pCAT-MVPprom0.7s, carrying

espective antisense constructs pCAT-MVPprom1.9as and pCAT-M
ransduced with the promoter-less pCAT-Basic, and cells transduce
ontrols. CAT expression was measured in duplicates by CAT-ELIS
130
ized intron 1 show that this inserted sequence
omes directly from the 59-flanking region of exon 2,
here an alternative splicing site matching the in-

ronic 39splice site consensus sequence was found
40; Fig. 3C).

A search of the database of ESTs and a multiple
equence alignment of 127 identified ESTs highlight
dditional interesting features. Besides two ESTs
ossessing this 41-bp intronic insertion, the majority
f 76 ESTs match the 39-proximal end of the cDNA
79882. This sequence segment including the trans-

ation termination signal belongs to exon 15 of the
VP gene and is strictly polymorph. We identified

ve frequently occurring nucleotide substitutions
2628C 3 T, 2665G 3 A, 2673G 3 C, 2684G 3 A,
730C 3 T) and two deletions (2673delG, 2716delG)
ith respect to X79882. In addition, there is a pos-

ible hot spot between nt 2690 and 2700: only 9 ESTs
re identical to X79882, but the majority of 57 ESTs
ave two G-insertions after nt 2691 and 2698, re-
pectively. This might cause a frameshift generating
novel COOH-terminus of the putative translation

roduct. The genomic sequence (GenBank Accession
o. AC009133), which contains the complete MVP
ene locus, also carries both G-insertions within the
oding region of exon 15 (nt 143855–143598). Taken
ogether, these findings may give evidence for exis-
ence of a putative heterozygous region of the MVP
ene in humans. Functional genomic analysis of both
lleles of the MVP gene locus and their correspond-
ng transcripts is needed to determine the role of
ucleotide polymorphisms in non-MDR1 mediated
ultidrug resistance. Furthermore, since there is

(black bars) and HCT15 (white bars) human colon carcinoma cells
9-flanking regulatory region of the MVP gene spanning from 123 to
e promoter fragment from 123 to 2679 in sense orientation. The
prom0.7as served as internal controls. Nontransduced cells, cells
ith the SV40 promoter-harboring pCAT-Control served as external
s described under Materials and Methods.
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vidence that MVP and the minor vault protein p193
re concomitantly regulated (13), the p193 gene pro-
oter would be a interesting subject for comparative

nalysis of gene expression (the human p193 locus of
5 exons is already sequenced as a part of GenBank
ccession number AC013721).
In conclusion, we have isolated the 59-flanking re-

ion of the human MVP gene. A 1.9-kb and a shortened
.7-kb fragment of this 59-upstream genomic region
how strong promoter activity in CAT reporter assays.
he promoter is TATA-less, contains e.g., an inverted
CAAT-box and a Sp1 site located near to a p53 bind-

ng motif. A sequence of putative viral origin within the
9-region of the MVP gene is transcribed in the same
irection. Furthermore, an alternative 39-splice site of
ntron 1 results in a splicing variant within the 59-
ntranslated region of MVP mRNA. Based on this
nowledge it might be possible to unveil the mecha-
isms of MVP expression regulation underlying the
henomenon behind multidrug resistance mediated by
aults.
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