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Amplification and Expression of Genes Associated
with Multidrug Resistance in Mammalian Cells

KATHLEEN W. ScoTTO, JUNE L. BIEDLER, PETER W. MELERA

In multidrug resistance, which is observed clinically and in tissue culture, cells that are
challenged with certain cytotoxic drugs develop resistance not only to the selective
agent but also to other, seemingly unrelated, agents. The multidrug-resistant pheno-
type is associated with DNA sequence amplification and with the overproduction of a
number of cytosolic and membrane glycoproteins. The differential amplification and
altered expression of at least two related genes, termed multidrug-resistant associated
genes has been shown in multidrug-resistant Chinese hamster cells. In multidrug-
resistant mouse and human cells, genes homologous to those in Chinese hamster cells
are also amplified. The level of expression of these genes varied and did not correlate
with their copy number. Furthermore, in Chinese hamster cells, the development of
resistance to a single drug and multidrug resistance were closely related, but uncou-
pled, events. The overexpression of the multidrug-resistant genes was better correlated
with the degree of resistance to the selective agent than it was with the extent of

multidrug resistance.

HE ESTABLISHMENT AND MAINTE-

nance of drug resistance in mammali-

an cells is mediated by the over-
expression of specific genes (1). Generally,
the drugs irreversibly bind to specific house-
keeping enzymes, and resistance is achieved
by the overproduction of these target en-
zymes due to amplification of the genes that
encode them (increased gene dosage). The
RNA expression is generally less than or
equal to, but not greater than, the degree of
amplification, and the resulting phenotypes
are monospecific; the cells are resistant only
to the selective drug or its analogue.

In contrast, cytotoxic drugs that interact
with structural proteins or DNA, rather
than with housekeeping enzymes, elicit a
more complicated response (2-4). Cells be-
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come refractory to both the selective agent
and other, seemingly unrelated, compounds.
This more general cross-resistance is appar-
ently mediated by alterations in membrane
transport that decrease the intracellular ac-
cumulation of these agents (5). The pheno-
types of these multidrug-resistant cells are
complex. (i) Independently selected cell
lines display different levels of cross-resist-
ance to the same drugs. (if) Multidrug-
resistant cells contain increased amounts of
membrane glycoproteins such as gp150-180
(6), p-glycoprotein (7), gpl80 (8), or P180
(9); the overproduction of p-glycoprotein in
Chinese hamster cells is mediated by gene
amplification (10). (iii) Some multidrug-
resistant cells overproduce cytosolic proteins
such as V19 (11) in addition to membrane

glycoproteins. (iv) Tumorigenic cells select-
ed for multidrug resistance display a reverse
transformed phenotype and cannot cause
tumors in animals (12, 13). The variability
and complexity of the multidrug-resistance
phenotype suggest that this clinically rele-
vant form of drug resistance may involve a
change in gene expression at more than one
genetic locus.

We used vincristine-resistant sublines of
the Chinese hamster lung (CHL) cell line

. DC-3F for our studies (2) because these

cells contain cytological manifestations of
gene amplification, such as homogeneously
staining regions (HSR) and abnormally
banding regions (ABR) (13, 14), and elevat-
ed gp150-180 (13) and V19 (11). We could
then analyze these cells with methods opti-
mized for the detection of amplified DNA
sequences (15, 16). We identified at least
two related genes, the amplification and
overexpression of one or all of which was
associated with the multidrug-resistant phe-
notype. Genes homologous to these were
also amplified and overexpressed in multi-
drug-resistant mouse and human cell lines.
In contrast to other drug-resistant cell sys-
tems, the level of expression of these genes
could exceed that of their amplification and,
although this increased expression may cor-
relate with the increase in resistance to the
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Fig. 1. Southern blot analyses with a cloned cDNA, p5L-18, as probe. The kb
cDNA was prepared from cytoplasmic polyA* RNA, converted to double- 22~
stranded cDNA, and cloned by the poly(dG-dC) tailing method (21). Recombi-
nant colonies were transferred to nitrocellulose (22), incubated in 6 X standard
saline citrate (SSC), 4X Denhardt’s, denatured salmon sperm DNA (15 pg/ml)
for 3 hours at 65°C, then hybridized with [3?P]DC-3F C,t 10 to 300 DNA
(1 x 10® cpm/pg) in 4x SSC, 0.5 mM EDTA, and denatured salmon sperm
DNA (50 pg/ml) at 65°C for 36 hours. Filters were washed at 65°C in
0.1x SSC and 0.1% sodium dodecyl sulfate (SDS) and exposed to Kodak
XARS film with an intensifying screen for 16 hours. Filters were then stripped ST
of radioactivity in 0.11 NaOH and 2X SSC at 25°C for 30 minutes, washed

extensively in 2X SSC at 25°C, incubated as above, hybridized with [*?P]VCR* . Sl
C,t(10-300) DNA (1 x 10® cpm/pg), washed, and exposed again under the 4
same conditions. Eight colonies hybridized preferentially with the VCR" DNA P
probe; of these, one clone, designated p5L-18, was isolated after a second round

of screening. Large-scale preparation of this plasmid was by a modification of the procedure of Norgard
(23), as described (21), except cells were grown for 16 hours in L broth supplemented with ampicillin
(100 pg/ml), and were harvested without grior chloramphenicol amplification. p5SL-18 was nick-
translated (24) to a specific activity of 2 X 10® cpm/pg and used as a probe for Southern blot analyses
(20) of restriction endonuclease digested genomic DNA fractionated on 0.8% agarose gels. Hybridiza-
tions were carried out in 4X SSC, 8 mM EDTA, and denatured salmon sperm DNA (300 pg/ml), at
68°C for 16 hours; washes were in 0.1x SSC, 0.1% SDS at 68°C. Filters were exposed to Kodak X-
OMAT XARS film with an intensifying screen for 2 to 24 hours at —80°C. (A) Eco RI-digested
genomic DNA from DC-3F cells, 20 pg. (B) Eco RI-digested genomic DNA from DC-3F/VCRd-5L

9.7 = kb
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cells, 10 pg. Hind III-digested A DNA was used as a size marker.

selective agent, it did not result in a com-
mensurate crossresistance.

C,t fractionation of DNA from cells that
amplify genomic sequences allows the prep-
aration of DNA samples that are highly
enriched in those amplified sequences (15).
When the C,¢ 10 to 300 fraction taken from
cells that amplify DNA tenfold or more is
used in conjunction with a similar fraction
prepared from cells that do not contain
amplified DNA, these kinetically purified
sequences can be useful probes with which
to screen genomic libraries for amplified
DNA (15). We have used such probes to
successfully screen complementary DNA
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(cDNA) libraries for transcripts encoded by
amplified genes in neuroblastoma cells, and
to demonstrate the presence of amplified
sequences in genomic DNA by Southern
analyses and in cytological preparations by
hybridization in situ (I16).

Double-stranded cDNA was prepared to
cytoplasmic  poly(A)*  (polyadenylated)

RNA from the vincristine-resistant (VCR"),

HSR-containing DC-3F/VCRd-5L cell line
and was cloned by poly(dG-dC) tailing into
the plasmid vector pUCS8. Recombinants
(5 x 10*) were screened with amplified-
DNA probes obtained by C,t (10-300)
enrichment of DNA from DC-3F (VCR®)

B B — - L
»

.
a3y

- ® - e &
- % i ’ i
BN & A
kb SR fLhe
4100 . ;

- -

v b i

B bG el e SHS S ges b

Fig. 2. Southern blot analyses with p5L-18 subclones as probes. Digestion of pSL-18 with Pst I yields
two fragments 414 and 88 bp in length. Each fragmcnt was subcloned into the plasmid vector pUC8
and nick-translated to a specific activity of 2 X 10% cpm/pg. Southern blot analyses were performed as
described (Fig. 1). Genomic DNA’s were digested with either Eco RI (lanes a, b, and c), Bam HI (lanes
d, ¢, and f) or Hind III (lanes g, h, and i). (Lanes a, d, and g) DC-3F DNA, 20 pg; (lanes b, ¢, and h)
DC-3F/VCRd-5L DNA, 10 pg; (lanes c, f, and i) DC-3F/VCRm DNA, 10 pg. (A) Probed with p5L-
18-414. (B) Probed with p5L-18-88.
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or DC-3F/VCRd-5L (VCR") cells. Signal
intensities from the two screenings were
compared and a single clone, designated
p5L-18, was found to hybridize with greater
relative intensity to the DC-3F/VCRd-5L
probe.

Using pSL-18 as the probe, we analyzed
Eco RI-digested genomic DNA from DC-
3F and DC-3F/VCRJ-5L by Southern blots
(Fig. 1). Six single-copy bands hybridized in
DC-3F; the 4.1 kilobase (kb) fragment was
a doublet. Of these six, only three were
amplified in DC-3F/VCRd-5L DNA; the
other three were present as single copies.
Whereas densitometric analyses of these
data showed that the gene encoding p5L-18
was amplified approximately 60-fold in the
DC-3F/VCRA-5L cell line, the observation
that only half of the single-copy bands in
DC-3F were amplified was the first indica-
tion that multiple genes homologous to the
c¢DNA probe could exist.

To determine if the differential amplifica-
tion of DNA homologous to p5L-18 oc-
curred in a VCR" CHL cell line other than
DC-3F/VCRd-5L, we analyzed genomic
DNA from the independently derived sub-
line DC-3F/VCRm (Table 1). Probes were
prepared by digestion of pSL-18 with Pst I
and subcloning the resulting 414—base pair
(bp) and 88-bp fragments into pUC8. Ge-
nomic DNA from the two VCR' sublines
and the parental cell line DC-3F was digest-
ed with Eco RI, Bam HI, Hind III, or Pst I,
and hybridized with the 414-bp probe (Fig.
2A). Both the p5L-18 probe and the 414-bp
probe derived from it hybridized with the
same Eco RI fragments in DC-3F and DC-
3F/VCRA-5L cells (Fig. 1 and Fig. 2A,
lanes a and b). DC-3F/VCRd-5L cells am-
plified only a subset of the bands that hy-
bridize with the 414-bp probe in DC-3F,
but DC-3F/VCRm cells amplified all of
those fragments. This differential amplifica-
tion of DNA fragments was also evident
when similar digests were hybridized with
the 88-bp probe (Fig. 2B). The results
obtained with the 414-bp probe, however,
indicated that the 4.1-kb Eco RI fragment
amplified in both DC-3F/VCRJ-5L and
DC-3F/VCRm cells (Fig. 2A, lanes a, b, and
) must be different from the 4.1-kb Eco RI
fragment detected by the 88-bp probe, be-
cause the 88-bp fragment was amplified
only in DC-3F/VCRm cells (Fig. 2B, lanes
a, b, and ¢). Hence the p5L-18 cDNA
sequence hybridized to six Eco RI fragments
in DC-3F DNA, all of which were amplified
in DC-3F/VCRm cells but only three of
which were amplified in DC-3F/VCRd-5L
cells. Thus, at least two related genes,
termed multidrug-resistance  associated
(MDRA) genes, exist in the DC-3F
genome, the amplification of one or all of
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which may be selected for during challenge
by vincristine.

To determine whether MDRA genes are
amplified in multidrug-resistant cell lines
selected for resistance to agents other than
vincristine, we analyzed genomic DNA
from DC-3F/DMXX (daunorubicin select-
ed), DC-3F/ADX, and DC-3F/ADXC (both
actinomycin D selected) cell lines (Table 1).
Each of these independently selected cell
lines amplified all six Eco RI fragments,
as seen in the DC-3F/VCRm cell line
(Fig. 3).

Northern blot analyses of poly(A) " RNA
or total cytoplasmic RNA, with pSL-18 as
the probe, revealed an increase in two mes-
senger RNA (mRNA) species in DC-3F/
VCRd-5L, DC-3F/DMXX, DC-3F/ADX,
and DC-3F/ADXC cells (Fig. 4A). The pre-
dominant species was 4.5 kb in length, and
the minor one was approximately 2.3 kb.
Hence, at least one of the MDRA genes was
overexpressed in multidrug-resistant CHL
cells. Quantitation of RNA levels by dot
blot analysis (Fig. 4B and Table 1) suggest-
ed that the amount of MDRA gene—specific
RNA in DC-3F/VCRd-5L and DC-3F/
DMXX cells was less than might be expected
from the increase in gene copy number; DC-
3F/VCRd-5L amplified one gene about 60
times to yield 60 additional genes, DC-3F/
DMXX amplified two genes about 30 times
to yield 60 additional genes, while RNA
levels are approximately 16- and 22-fold
increased, respectively.

In contrast, the steady-state level of
MDRA gene RNA in DC-3F/ADX cells,
although increased 16-fold over that of DC-
3F cells, was accompanied by only a three-
fold increase in MDRA gene number (Table
1). Indeed, the most dramatic example of
the disparity between MDRA gene copy
number and RNA level occurred in the DC-
3F/ADXC cell line where a fivefold gene
amplification was associated with a 97-fold
increase in RNA (Table 1). Hence, the
steady-state level of MDRA gene RNA in
multidrug-resistant Chinese hamster cells is
not mediated solely by the amplification of
MDRA genes.

Although MDRA gene expression was
elevated in each of the multidrug-resistant
cell lines tested, we could not establish a
clear relation between the amount of gene
expression and the amount of resistance or
cross-resistance (Table 1). If direct correla-
tion did exist, it was probably between the
level of MDRA gene expression and the
degree of resistance that each cell line dis-
played to its selective agent, rather than to
the agents to which it was cross-resistant. In
addition, in DC-3F/ADXC cells, a 50,000-
fold increase in resistance to the selective
agent actinomycin D occurred simulta-
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Fig. 3. Southern blot analysis of DNA from cell
lines selected for resistance with agents other than
vincristine. Hybridization analyses of Eco RI-
digested genomic DNA’s were performed under
conditions described in Fig. 1 with 200 ng of
p5L-18 DNA (2 x 10® cpm/pg) as probe. (Lane
a) Hind III-digested A DNA; (lane b) DC-3F
DNA, 20 pg; (lane c) DC-3F/VCRd-5L DNA,
10 pg; (lane d) DC-3F/ADX DNA, 20 pg; (lane
¢) DC-3F/ADXC DNA, 20 pg; (lane f) DC-3F/
DMXX DNA, 10 pg; (lane g) DC-3F/VCRm
DNA, 10 pg.

neously with a 97-fold increase in MDRA
gene expression, but without parallel in-
creases in cross-resistance (Table 1). Thus,
resistance to the selective agent and cross-

resistance to other drugs could be uncou-
pled in CHL cells; this, therefore, shows
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that increased MDRA gene expression need
not directly enhance cross-resistance.

Southern blot analysis of VCR" mouse
and human cell lines (Table 1) indicated that
all three drug-resistant sublines amplify a
gene bearing strong homology to the Chi-
nese hamster MDRA c¢DNA probe (Fig. 5).
MC-IXC/VCR amplified only three of the
four Eco RI fragments in the control DNA’s
(lanes b, ¢, and ¢), while SH-SY5Y/VCR
amplified only two of these four fragments;
this suggested that the multiplicity of
MDRA genes observed in CHL cells may
also exist in human cells. The presence of a
fourth fragment in drug-sensitive cells that
was not amplified in either of the drug-
resistant sublines suggested that the multi-
plicity in human cells may involve more than
two genes or may include a pseudogene.

Northern blot analysis of MAZ/VCR
poly(A)™ RNA confirmed the overexpres-
sion in multidrug-resistant mouse cells of an
RNA of similar size to that produced in
multidrug-resistant CHL cells, while dot
blot analysis (Fig. 4B) indicated that over-
expression of MDRA genes occurred in
multidrug-resistant human cells as well.

We have here identified genes whose am-
plification and overexpression are closely
associated with the multidrug-resistance
phenotype in Chinese hamster, mouse, and
human cells. Although amplification of

B
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Fig. 4. Northern and dot blot analyses of RNA from sensitive and multidrug-resistant cell lines. Total
RNA was isolated from cells by guanidinium isothiocyanate extraction (25). Cytoplasmic poly(A)™*
RNA was isolated by oligodeoxythymidylate chromatography (21). For Northern blot analysis,
poly(A)* RNA or total RNA was denatured and separated by electrophoresis on 1.5% formaldehyde
gels, then transferred to nitrocellulose according to Thomas (26). Hybridizations were with 200 ng of
p5L-18 DNA (1 x 10® cpm/pg) in 50% formamide, 3.5x SSC, and 10% dextran sulfate at 42°C for
16 hours; washings were at 55°C in 0.1X SSC and 0.1% SDS. Dot blot analysis of total RNA was
performed as described (19). (A) Northern blots. (Lane a) DC-3F poly(A)* RNA, 5 pg; (lane b) DC-

3F/VCRd-5L

polyA* RNA, 5 pg; (lane ¢) DC-3F/DMXX total RNA, 20 ug; (lane d) DC-3F/ADXC

total RNA, 20 ug; (lane €) DC-3F/ADX total RNA, 20 ug. Size estimates were based on migration of
28S and 18S ribosomal RNA markers. (B) Dot blots. Origin of the RNA and amounts of total RNA per

dot are indicated in the figure.
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DNA in drug-resistant and multidrug-resist-
ant cells is well documented (1, 10, 27), the
nature of MDRA gene amplification is un-
usual because (i) at least two MDRA genes
exist in the parental genome and can be
amplified together or independently, (ii)
mapping of the MDRA genes in DC-3F
cells to a single chromosomal site at 1q26
(28), together with the observation that
within a given subline the amplified MDRA
genes are located within the HSR or ABR
(28), indicate that this differential amplifica-
tion most likely occurs from a single locus,
(iii) the level of expression of the MDRA
genes can far exceed the level of their ampli-
fication and therefore is not due solely to
gene dosage, and (iv) the level of MDRA
gene expression, while possibly correlated
with the degree of resistance to the selective
agent, does not correlate with the levels of
crossresistance. These observations are of
particular significance in view of the fact
that the p5L-18 ¢cDNA clone is strongly
homologous to p-glycoprotein cDNA (29).
Hence, at least one of the MDRA genes
reported here is related to and may share
identity with the p-glycoprotein genes
known to be amplified and overexpressed in
colchicine  selected  multidrug-resistant
CHO cells and multidrug-resistant -mouse
and human cells as well (10).

Thus we have shown differential amplifi-
cation of related genes from a single locus
and, in the case of the MDRA (p-glycopro-
tein) genes identified here, these may have
potential functional significance. Such sig-
nificance is not indicated by the data in
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Fig. 5. Southern hybridization analysis of geno-
mic DNA from mouse and human multidrug-
resistant cells. Hybridizations were performed
under the stringent conditions described in Fig. 1,
with 200 ng *P-labeled p5L-18 as probe. 10 pg
of each DNA was digested with Eco RI before
electrophoresis. An overexposure of these filters
indicated the presence of each of the bands in the
control DNA’s. (Lane a) Hind III-digested A
DNA marker; (lane b) human placental DNA;
(lane ¢) MC-IXC DNA; (lane d) MC-IXC/VCR
DNA; (lane €) SH-SY5Y DNA; (lane f) SH-
SY5Y/VCR DNA; (lane g) MAZ DNA; (lane h)
MAZ/VCR DNA.

Table 1, however, since no striking differ-
ence in resistance or multidrug-resistance
pattern is observed in the CHL cell lines,
regardless of the number of MDRA genes
amplified. Whether more than one of the
genes identified here is actually functional is
unknown.

Although the amplification and over-
expression of MDRA genes in all of the
independently selected multidrug-resistant
Chinese hamster, mouse, and human cell

Table 1. Characteristics of sensitive and multidrug-resistant cell lines. The values for drug resistance and
multidrug resistance listed for the DC-3F series of Chinese hamster lung cells are taken from Peterson ez
al. (6) except for the DC-3F/ADXC subline, where the values were determined experimentally.
Establishment of the DC-3F/ADXC subline from DC-3F/ADX cells was accomplished by increasing the
maintenance concentration of actinomycin D from 10 to 100 pg/ml (2, 6). Values for the MAZ and
SH-SY5Y lines are from (14), and those for MC-IXC are from (17). Quantitation of DNA and RNA
levels was by densitometric scanning of x-ray films with a Beckman DU-8B spcctroghotometer and by
liquid scintillation counting of DNA (18) and RNA (19) dot blots hybridized with [*?P]pSL-18 DNA.

Degree of resistance and cross-resistance* MDRA Level of
Cell line gene MDRA
Actino- Dauno- Vin- Colchi- copy expres-
mycin D rubicin cristine cine numbert sion}
DC-3F 1 1 1 1 2 1
DC-3F/VCRd-5L 270 180 2800* 1000 60 16
DC-3F/VCRm 40 50 600* 600 50 ND
DC-3F/DMXX 270 900* 300 700 60 22
DC-3F/ADX 2500% 50 1400 300 6 16
DC-3F/ADXC 50,000* 130 1900 700 10 97
MAZ 1 1 ND
MAZ/VCR 4000* ~50 ND
SH-SY5Y 1 1 2 1
SH-SY5Y/VCR 120 1300* ~50 90
MC-IXC 1 1 2 ND
MC-IXC/VCR 450 6600* ~50 ND
*Indicates the selective agent. 1On the assumption that two nonallelic genes are present in DC-3F.  $On the

assumption that DC-3F cells produce 1 unit of RNA.
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ND, not determined.

lines establishes their association with the
multidrug-resistant phenotype, the func-
tional significance of this association re-
mains unclear. If MDRA, that is, the p-
glycoprotein, gene expression is directly re-
sponsible for the establishment of resistance
to the sclective agents, then one would
expect the level of expression to be positively
correlated with the degree of resistance to
those agents. Such a correlation exists in the
vincristine- and actinomycin D—selected cell
lines and, to a lesser extent, in the daunomy-
cin-selected line (Table 1). Thus, to the
extent that resistance levels measured by
EDsy values are an accurate reflection of
resistance mechanisms, the MDRA gene
product may be involved in and be directly
responsible for resistance to the selective
agent. It seems less likely that multidrug
resistance also may be directly mediated by
MDRA gene expression because there is no
correlation between the degree of cross-
resistance and the level of MDRA gene
expression (Table 1). Hence, the establish-
ment of resistance and the establishment of
cross-resistance are distinct phenomena. In
fact, in multidrug-resistant cells, resistance is
almost always greatest to the drug used for
the initial challenge. In addition, although
the transport of vincristine in DC-3F/
VCRJ-5L cells is altered sufficiently to ac-
count for resistance (30), very little change
in the transport of daunomycin occurs in
these cells; this suggests that the develop-
ment of cross-resistance to this agent re-
quires an additional mechanism.

Alternatively, the overexpression of
MDRA genes in multidrug-resistant cells
may be a secondary event that occurs as a
result of the establishment of multidrug
resistance and the overexpression of MDRA
genes would be one of the effects, rather
than the cause, of resistance and multidrug
resistance. Thus, overexpression of MDRA
genes may fulfill a requirement for cell sur-
vival during maintenance of the multidrug-
resistant phenotype. Further clarification of
the nature and function of the MDRA gene
product or products will distinguish be-
tween these possibilities.
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Activation of the AIDS Retrovirus Promoter by the
Cellular Transcription Factor, Spl

KATHERINE A. JONES, JAMES T. KADONAGA, PAUL A. Luciw,

ROBERT T)1AN

The nature and position of transcriptional control elements responsible for the
expression of genes encoded by the retrovirus associated with acquired immune
deficiency syndrome (AIDS) have not been precisely defined. In this study it is shown
that the mammalian Sp1 transcription factor binds to promoter sequences within the
AIDS retrovirus long terminal repeat (LTR) and activates RNA synthesis five- to
cightfold in reconstituted reactions in vitro. Experiments in which regions of DNA
were protected from added reagents by specifically bound proteins (footprinting)
indicated that the upstream promoter region of the AIDS virus LTR lies between ~45
and ~77 (relative to the RNA start site, +1) and contains three tandem, closely spaced
Sp1 binding sites of variable affinity. Base-substitution mutations targeted to one or all
three Spl binding sites were found both to eliminate the binding of Sp1 and to cause
up to a tenfold reduction in transcriptional efficiency in vitro. These findings suggest
that one important component of the AIDS virus transcriptional control region
interacts with a cellular transcription factor, Sp1, and that this factor must function in
conjunction with transcriptional elements located downstream of the RNA cap site to
mediate the response of the LTR to viral trans-activation.

RANSCRIPTION OF RETROVIRAL GE-

nomes is mediated by promoter ele-

ments that are located within the
viral long terminal repeat (LTR) segments,
and can be strongly regulated by viral trans-
activator proteins. Because these elements
and those of other viruses of eukaryotic cells
rely on the cellular RNA polymerase II
transcriptional apparatus, they are consid-
ered excellent models for analysis of the
mechanism by which RNA synthesis is initi-
ated and regulated. A combined genetic and
biochemical approach to the study of pro-
moter recognition has proved particularly
useful in defining the role of specific RNA
polymerase II transcription elements. For
example, it has recently been shown that
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certain viral and cellular genes bind a cellular
transcription factor designated Spl, and
these specific protein-DNA interactions
contribute directly to promoter strength in
vitro (1-4) as well as in vivo (5, 6). These
studies have further revealed the following
biochemical properties of Spl (7): (i) A
promoter of Spl recognizes an asymmetric
decanucleotide sequence (G/T GGGCGG-
PuPuPy) with an affinity determined by the
match of a given sequence to the consensus.
(ii) A single Sp1 binding site is sufficient to
activate transcription, and both binding and
transcriptional activation are independent of
the orientation of the binding site relative to
the RNA start site. (iii) Sp1-responsive pro-
moters generally contain multiple Sp1 bind-

ing sites located within 40 to 150 bp up-
stream of the RNA start site, and Spl
binding sites are sometimes intermingled
with those for other promoter-specific tran-
scription factors. In the latter case, the coor-
dinate interaction of two or more different
factors may be required for transcriptional
activity of the promoter (3). (iv) Weaker
binding sites may be positioned at optimal
locations adjacent to the TATA box, and
these may be equivalent to or even more
important for promoter strength than high-
er affinity Spl sites located at more distal
positions. (v) Genes that are recognized by
Sp1 are expressed or regulated in vivo by a
variety of distinct mechanisms, including
enhancer activation [for example, the SV40
carly promoter (5, 8)], viral trans-activation
of promoter elements [for example, the thy-
midine kinase gene of herpes simplex virus
(HSV) (9)], and induction through up-
stream response elements [for example, the
HSV immediate-early and human metal-
lothionein genes (10)]. Here we report that
Sp1 is also an important component of the
promoter for a lymphocytopathic RNA vi-
rus, the retrovirus [variously termed ARV-
2, LAV, or HTLV-1II (11, 12)] associated
with the acquired immune deficiency syn-
drome (AIDS) and related syndromes (13,
14).

Promoter and enhancer elements within
the LTR segments of retroviruses character-
istically generate transcripts of full genomic
length that may be differentially spliced to
yield a variety of mRNA species (15). In-
spection of the AIDS retrovirus LTR re-
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