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The transcription control region of the archetype strain of the human polyomavirus JC virus (JCVCy), unlike
its neurotropic counterpart (JCVMad-1), contains only one copy of the 98-bp enhancer/promoter repeat with the
23-bp and the 66-bp insertion blocks. Early studies by us and others have indicated that the structural
organization of JCVMad-1 is critical for glial cell-specific transcription of the viral genome. In addition, the kB
regulatory motif found in the JCVMad-1 genome, which also exists in JCVCy, confers inducibility to the JCVMad-1
early and late promoters in response to extracellular stimuli. In this study, we have investigated the regulatory
role of the 23- and the 66-bp blocks and their functional relationship to the kB motif in stimulating tran-
scription of the Cy early and late promoters in glial cells. We demonstrate that mutations in the kB motif
reduce the basal activity of the Cy early promoter and decrease the levels of its induction by phorbol myristate
acetate or factors derived from activated T cells. Under similar circumstances, mutation in the kB motif
completely abrogated the basal and the induced levels of transcription of the viral late promoter. Using deletion
and hybrid promoter constructs, we have demonstrated that the 23-bp block of the Cy promoter plays a critical
role in the observed inactivation of Cy late promoter transcription in glial cells. Results from DNA binding
studies have indicated the formation of a common nucleoprotein complex with the 23-bp sequence, mutant kB
(kBmut), and wild-type kB (kBwt). Analysis of this complex by UV cross-linking has identified a 40-kDa protein
which binds to the 23-bp sequence and the kB motif. The importance of these findings for the activation of
JCVCy under various physiological conditions is discussed.

JC virus (JCV), a papovavirus which is widespread in the
human population, is the etiologic agent of the demyelinating
disease progressive multifocal leukoencephalopathy (PML)
(26, 31; for reviews, see references 11 and 18). PML is an
opportunistic disease that affects patients with impaired im-
mune systems due to various illnesses, immunosuppressive
therapeutic treatments, and genetic disorders. The structural
organization of the JCV genome, isolated from the brains of
PML patients, exhibits striking similarity to that of the well-
characterized simian virus 40 (10). The viral early gene encod-
ing the regulatory protein, T antigen, is separated from the late
genes encoding the structural capsid proteins by noncoding
sequences which contain the control sequences for transcrip-
tion of the viral genome and replication of viral DNA. The
greatest diversity between the nucleotide composition of JCV
and that of the genomes of other papovaviruses rests in their
regulatory regions, of which that in JCV encompasses two
98-bp tandem repeats, each containing multiple overlapping
and nonoverlapping regulatory modules (23). In addition,
there exists a functional kB regulatory motif located approxi-
mately 75 nucleotides further upstream from the 98-bp repeat
on the early side of the viral genome which, in a manner similar
to that of the classical kB element, confers inducibility to the
viral promoter activity in response to phorbol esters (24). Ear-
lier in vivo and in vitro studies strongly suggested that the

productive infection of glial cells with JCV in the brains of
PML patients is mediated, at least in part, by efficient tran-
scription of the viral early and late promoters in these cells.
The search for regulatory proteins which mediate tissue-spe-
cific transcription of JCV in glial cells has led to the identifi-
cation of several nuclear proteins from brain and glial cells
which, upon binding to the viral regulatory sequences, augment
the activity of the JCV promoter (23).
In addition to its replication in the brain, it is also suspected

that JCV persists and, under certain physiological conditions,
replicates in the kidneys. This speculation is based on several
studies indicating the presence of JCV particles in the urine of
PML patients and non-PML individuals experiencing severe or
mild immunosuppression, as well as in a large group of preg-
nant women (1, 5, 6, 9, 12, 19, 21, 28, 30). Of particular interest
is the notion that the regulatory region of JCV obtained from
urine, which is closely related to the JCV archetype (JCVCy)
sequence, is distinct from those isolated from the brains
(JCVMad-1) of PML patients (8, 20, 29, 30). As in JCVCy, the
control region of the kidney isolates contains only one copy of
the 98-bp enhancer/promoter found in Mad-1 with insertions
of 23 and 66 nucleotides (Fig. 1). It appears that deletion of the
23- and 66-bp sequences from JCVCy and duplication of the
remaining 98 bp could create a structure which is found in
JCVMad-1. On the basis of this notion, it has been postulated
that the kidney isolate JCVCy undergoes a DNA rearrange-
ment process and gains a structure (JCVMad-1) which is
adapted to the brain and through cytolytic infection of glial
cells could cause PML in immunosuppressed individuals. Al-
ternatively, it is possible that immunosuppressive conditions
trigger DNA rearrangement and that the adapted virus thus
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efficiently replicates in the specific organ. Under any circum-
stances, results from the most recent studies suggest that the
inactivity of the archetype relative to the rearranged forms is
due to differences in the promoter/enhancer that controls tran-
scription of the viral genome but not the origin of viral DNA
replication (7).
During the past several years, our laboratory and others

have been actively studying regulation of Mad-1 gene tran-
scription in glial cells, but no major studies toward understand-
ing the regulation of archetype gene transcription, particularly
in glial cells, have been carried out. As a first step toward
understanding the mechanism involved in expression of the
JCV archetype genome, we have utilized a transient transfec-
tion assay and evaluated the transcriptional activity of the viral
early and late promoters in glial cells under normal and phor-
bol 12-myristate 13-acetate (PMA)-induced conditions. We
demonstrate that mutations in the kB motif enable the 23-bp
sequence of the archetype control region to abrogate transcrip-
tional activity of the viral late, but not early, promoter in glial
cells.

MATERIALS AND METHODS

Cell culture and transfection. U-87MG, a cell line derived from a human
glioblastoma, was obtained from the American Type Culture Collection and
maintained in Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal calf serum. CV-1 is a monkey kidney cell line obtained from the
American Type Culture Collection and also maintained in DMEM plus 10%
fetal calf serum. Transfections of the reporter constructs were carried out by the
calcium phosphate precipitation method as described previously (14). For chlor-
amphenicol acetyltransferase CAT assays, at 36 h after transfection of plasmids
into subconfluent cells in 60-mm-diameter dishes, the cells were harvested and
processed for CAT activity as described previously (13) by using equal amounts
of protein from each lysate as determined with a Bio-Rad protein assay kit.
Percent conversion was calculated by scintillation counting as described in the
figure legends.
Plasmids. CyE-CAT and CyL-CAT are pBL-CAT3-based plasmids (17) con-

taining the kB, ori, and 186-bp control regions of the virus (as depicted in Fig. 1)
in the early and late orientations, respectively. For generation of kB mutants, we
performed PCR-mediated site-directed mutagenesis (25) and altered the first
two nucleotides of the kB motif, as described below. Integrity of all recombinant
constructs was verified by direct sequencing. The various recombinant clones
were generated by restriction enzyme digestion as denoted throughout the text.
Preparation of nuclear extract and band shift analysis. Nuclear extracts were

prepared as previously described (2) from unstimulated U-87MG cells and from
U-87MG cells that had been stimulated with 50 ng of PMA per ml for 1 h. The
procedure for band shift analysis was essentially as described by Taylor et al. (27).
Briefly, 106 cpm of 32P-labeled probe was incubated with 5 mg of nuclear extract
in a binding buffer containing 10 mM Tris HCl (pH 7.4), 50 mM NaCl, 1 mM
NaEDTA, 5% glycerol, 1 mM dithiothreitol, 4 mg of poly(dI-dC), 0.5 mg of
bovine serum albumin, and 3 mM GTP. Following a 30-min incubation on ice,

the resulting complexes were resolved on a low-ionic-strength 6% native poly-
acrylamide gel electrophoresis (PAGE) gel containing 6.7 mM Tris HCl (pH
7.4), 3 mM Na acetate, and 1 mM NaEDTA. Electrophoresis was carried out at
48C at a constant 140 V. The gel was then dried and autoradiographed at 2708C
with an intensifying screen.
UV cross-linking. In UV cross-linking experiments, the protein-DNA binding

reaction was performed in the same manner as for the DNA band shift assay.
After complex formation, the reaction mixture was exposed to UV irradiation for
20 min as described previously (16). The complex was resolved on a 6% native
gel, and the DNA-protein complex was excised from the gel and, after elution in
a binding buffer at 378C, mixed in a 1:1 ratio with sodium dodecyl sulfate
(SDS)-protein sample buffer and analyzed by SDS-PAGE. The gel was then
dried and autoradiographed at 2708C with an intensifying screen.

RESULTS AND DISCUSSION

Transcription of Cy early and late promoters in glial and
kidney cells. In previous studies, we demonstrated that a
stretch of 10 nucleotides, 59-GGGAATTTCC-39, located out-
side of the 98-bp regulatory region enhanced transcription of
the Mad-1 early and late promoters when cells were treated
with extracellular stimuli, including phorbol ester (24). To
evaluate the importance of the kB motif in transcriptional
regulation of the JCV archetype, hereafter referred to as Cy,
reporter plasmids containing viral early (CyE) and late (CyL)
promoters expressing the CAT gene were constructed and
introduced into U-87MG human glial cells. The transfected
cells were untreated or treated with PMA at various times. As
shown in Fig. 2, treatment of cells with PMA substantially
increased (by 20- to 30-fold) the levels of CyE (Fig. 2A) and
CyL (Fig. 2B) promoter activity. The extent of induction of the
viral promoters by PMA was decreased after 32 h (Fig. 2;
compare lanes 2 with lanes 4). These results indicate that like
those from Mad-1 (24), the promoters from Cy are responsive
to PMA induction in glial cells.

FIG. 2. Transcriptional activity of Cy promoters in glial cells. Approximately
5 3 105 U-87MG human astrocytic glial cells were transfected with 5 mg of the
following plasmids by the Ca-phosphate precipitation method (14): CyE-CAT
(A), CyL-CAT (B), CyE-kBmut-CAT (C), and CyL-kBmut-CAT (D). Cells were
maintained in DMEM (lanes 1) or DMEM plus 50 ng of PMA for 0.5, 2, and 32
h (lanes 2 to 4, respectively). For CAT assays, at 36 h posttransfection glial cells
were harvested and the CAT enzymatic activity was determined by the standard
method (13). For quantitation, the percent conversion of chloramphenicol to its
acetylated forms was determined by scintillation counting of the corresponding
spots. Each experiment was performed at least twice. Representative data are
shown.

FIG. 1. Structural organization of regulatory regions from JCV isolates.
(Top) The control region of kidney isolates of JCV, which is identical to the
control region of archetype (Cy), is composed of kB, the origin of DNA repli-
cation (ORI), and a 186-bp sequence containing the 23- and 66-bp blocks.
(Bottom) The control region of brain isolates of JCV (Mad-1) is composed of
two 98-bp tandem repeats plus kB and the ORI on the early side of the repeats.
(Middle) Structure of a hypothetical intermediate JCV promoter which is com-
posed of the complete sequences of one copy of the 98-bp repeat seen in Mad-1
upon removal of the 23- and 66-bp blocks. The directions for the early genes (T
and t) and the late genes (VP1, VP2, and VP3) are shown by the arrows on the
left and right, respectively.
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Next, we employed site-directed mutagenesis within the kB
sequence to convert the first two G residues of the kB motif to
A residues (59-AAGAATTTCC-39). As expected, in a manner
similar to that observed for Mad-1 early (Mad-1E) promoter
activity, mutation within the kB motif of the Cy genome de-
creased the extent of the induction of the CyE promoter by
PMA and the conditioned media (Fig. 2C). Interestingly, in the
context of the CyL promoter, the mutation in the kB motif
showed a drastic effect and completely abrogated the ability of
the CyL promoter to respond to PMA induction in glial cells
(Fig. 2D). It is noteworthy that our previous study indicated
that interference with kB function in the Mad-1 late gene
decreased, but did not abolish, the activity of this gene in
transfected glial cells (24). These observations suggest that in
addition to kB, other elements within the viral regulatory re-
gion, such as the GC-rich sequence (22), may confer inducibil-
ity to the CyE, but not the CyL, promoter in glial cells. Also, it
is likely that in the absence of the kB motif, the CyL promoter
remains under negative regulation by the DNA sequences
which are present in the Cy, but not in Mad-1, isolates.
In parallel, we performed a similar transfection experiment

in monkey kidney cell line CV-1. As shown in Fig. 3A and B,
the basal activities of JCV early and late promoters were in-
creased upon treatment of the transfected cells with PMA.
Introduction of mutations in the kB motif completely abro-
gated PMA responsiveness of the viral early and late promot-
ers in CV-1 cells (Fig. 3C and D). Thus, it appears that in a

manner similar to that of its effect in glial cells, the kB motif
plays an important role in the transcriptional activity of the Cy
late promoter in kidney cells. Interestingly, under similar con-
ditions mutations in the kB motif of CyE exerted an effect on
the Cy early promoter activity in CV-1 cells more drastic than
those observed in U-87MG cells.
Induction of CyL activity via kB is not limited to PMA

treatment. As shown in Fig. 4, treatment of the transfected
cells with physiological reagents such as interleukin-2 and tu-
mor necrosis factor alpha, both of which have been shown to
induce NF-kB activity (3), enhanced transcriptional activity of
the viral late promoter in glial cells (compare lane 1 with lanes
2 and 3). Under similar conditions, mutations in the viral kB
motif completely abrogated viral transcription and its respon-
siveness to these inflammatory cytokines (Fig. 4, lanes 4 to 6).
Transcriptional activities of various regions of the Cy pro-

moter sequences in glial cells. To obtain information regarding
the regulatory elements responsible for the observed down-
regulation of the CyL promoter in the kB mutant constructs,
the Cy regulatory region was divided into two segments, one
spanning the kB motif to the ori region (CySH) and the other
encompassing the remaining viral regulatory sequence (CyHE)
(Fig. 5A). The transcriptional activity of each region in either
the early or the late orientation was evaluated by transfection
assay. Results shown in Fig. 5B clearly indicate that the region
of the Cy promoter which lacks the kB sequence (CyHE) in the
early and, more interestingly, in the late orientation was tran-
scriptionally active and that its activity was increased by treat-
ment of the cells with PMA. Additionally, the element con-
taining the kB motif (CySH) also exhibited transcriptional
activity, although to a lesser extent, in treated and untreated
cells (Fig. 5C). In a related approach, we have broadened the
scope of these studies and have examined basal and induced
transcriptional activities of the various regions of the Cy reg-
ulatory sequence in glial cells. As summarized in Fig. 6, results
of these studies indicate that the Cy promoter is composed of
several regulatory motifs which in either the early or the late
orientation independently stimulate the basal and PMA-in-
duced transcription of the viral promoter in glial cells. The
results obtained for the constructs with deletions of kB in the
late orientation are particularly interesting. It is evident that
the CyL promoter sequence with a deletion in the kB motif is
transcriptionally active; however, in the context of the full

FIG. 4. Effects of interleukin-2 (IL-2) and tumor necrosis factor alpha
(TNF-a) on transcription of the CyL promoter. Approximately 5 mg of the CyL
reporter plasmid containing wild-type (kBwt) or mutant kB motifs was intro-
duced into U-87MG glial cells. Cells were untreated or were treated with IL-2 or
TNF-a (5 ng/ml) for 36 h. Activity representing the percent conversion of
chloramphenicol to its acetylated forms in transfected cells is shown.

FIG. 3. Transcriptional activity of Cy promoters in kidney cells. Monkey
kidney cell line CV-1 was transfected with the various Cy-reporter constructs
containing the Cy early promoter with wild-type kB (A), the Cy late promoter
with wild-type kB (B), the Cy early promoter with mutant kB (C), and the Cy late
promoter with mutant kB (D), as described in the legend to Fig. 2. The exper-
iments were repeated at least twice, and their representative data are illustrated.
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promoter, this activity could be modulated by the kB motif,
since mutations in the kB region have a negative effect on the
overall CyL promoter activity.
Functional relation of kB with the 23- and 66-bp sequences

of the Cy promoter. In the next series of studies, we investi-
gated the functional relation of the kB motif with the 23- and
66-nucleotide blocks of the Cy promoters. As shown in Fig. 7,
the recombinants containing the kB and the 23-bp regions, in
either orientation, were transcriptionally active and responded
to PMA induction. The introduction of mutations within the
kB region abrogated late gene transcription and reduced early

promoter activity. The viral early and late promoters contain-
ing the wild-type or mutant kB in the context of the 66-bp
region were transcriptionally active and responded to the in-
ductions by PMA. These data indicate that mutations in the kB
motif enable the 23-bp region, but not the 66-bp region, to
suppress transcription of the CyL promoter. Of importance, it
appears that mutations in the kB motif may not create a si-
lencer element in this region, as similar mutations in the Mad-1
strain or a recombinant containing the 66-bp region remained
transcriptionally active, although at a lower level.
In a different set of studies we removed the entire viral

promoter spanning the region between the 23-bp element and
the CAT gene and evaluated the activity of the 23-bp motif in
the context of the wild-type or mutant kB region. As illustrated
in Fig. 8A, mutation in the kB motif drastically affected the
basal and PMA-induced activity of the late promoter. Muta-
tion in the kB motif of the early promoter showed no delete-
rious effect on transcription of the CAT gene (Fig. 8B).
Nuclear proteins associated with the kB and the 23-bp reg-

ulatory motifs. These results clearly indicate that cross-com-
munication between the 23-bp sequence and the kB mutant
switches off transcription of the CyL, but not the CyE, pro-
moter. Since cross-interaction between two cis-acting ele-
ments, in general, is mediated by DNA-binding proteins, we
performed a series of band shift analyses to identify the cellular

FIG. 5. Transcriptional activity of the Cy promoter region. (A) Structure of
the Cy promoter depicting two DNA fragments of the viral genome, CyHE and
CySH, which were placed at the 59 position of the CAT gene in the early and late
orientations. Transcriptional activities of CyHE (B) and CySH (C) in the early (E)
and late (L) orientations in cells under normal and PMA-treated (32 h) condi-
tions are also represented. The activity represents the average percent conver-
sion of chloramphenicol to its acetylated forms obtained from two independent
experiments. The inserts illustrate the results from the representative experi-
ments.

FIG. 6. Transcriptional activities of various regions of the Cy promoter reg-
ulatory sequence. Various DNA fragments spanning the regions from the early
gene initiation site to the unique SacI site which is located between the 23- and
66-bp blocks, the SacI site to the late gene initiation site, and the ori regions to
the SacI site with and without the 23-bp motif were prepared and cloned in CAT
reporter plasmids in the early (E) and late (L) orientations. The recombinants
were introduced into glial cells, and CAT activities of the extracts from cells
which were grown in the absence or the presence of PMA were determined. The
transcriptional activity represents the average percent conversion of at least two
independent experiments.

FIG. 7. Functional interaction of the kB motif with the 23- and 66-nucleotide
blocks. Five micrograms of the reporter construct containing the chimeric pro-
moter with either the 23-bp or the 66-bp block of Cy in the context of wild-type
or mutant kB (as shown on the left) was introduced into glial cells, and the levels
of its activity in untreated and treated cells were evaluated after 36 h. A series of
representative CAT data indicating basal and induced transcriptional activity of
each construct is shown on the right. E, early; L, late.
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protein(s) which is associated with the 23-bp motif and the kB
sequence of the Cy promoter. In this respect, nuclear extracts
were prepared from PMA-stimulated glial cells and reacted
with 32P-labeled DNA probes representing the 23-bp se-
quence, kB, and a mutant kB sequence (kBmut). As shown in
Fig. 9A, the kB probe formed three classes of complexes, a, b,
and c, which were not detected upon addition of unlabeled
wild-type kB as a competitor. The addition of the mutated kB
and 23-bp competitors effectively competed for formation of
the b complex, but the other two classes of complexes re-
mained unaltered. These observations suggest that the more
slowly migrating complex a, shown by the arrowhead, may
represent binding of the classical heterodimer p50:p65 kB-
binding proteins and the faster-migrating complex c may indi-
cate binding of the p50 or the p65 in a monomer form to the
DNA (15). The kBmut probe, by binding to the cellular pro-
teins, formed a major complex which exhibited an electro-
phoretic mobility similar to that observed for the b complex
with the wild-type kB (Fig. 9B, lane 1). This complex was
eliminated by the addition of unlabeled wild-type and kBmut

oligonucleotides. Again, the 23-bp unlabeled competitor was
able to efficiently inhibit the formation of this nucleoprotein
complex (Fig. 9B). Similarly, the 23-bp probe, by binding to the
cellular proteins, formed a major complex which was not ob-
served upon inclusion of the unlabeled 23-bp DNA competi-
tors (Fig. 9C). The intensity of this complex was decreased by
addition of the mutant oligonucleotide and to a lesser degree
by addition of the wild-type kB oligonucleotide. Note that
these studies were performed under conditions in which the
probes were in excess.

In the next series of studies, we performed supershift anal-
ysis of nucleoprotein complexes associated with JCV kB and
the 23-bp motif. Extracts from untreated and PMA-treated
cells were reacted with the 32P-labeled kB, kBmut, and 23-bp
probes. As shown in Fig. 9D, treatment of cells with PMA
induced the intensity of the band corresponding to the a com-
plex. Addition of anti-p65 monoclonal antibody to the binding
reaction mixture containing the kB probe supershifted a com-
plex with no effect on the migration of the b complex. No
alterations in the electrophoretic mobilities of the complexes
associated with the kBmut (Fig. 9E) and 23-bp (Fig. 9F) probes
were obtained upon inclusion of the antibody in the reaction
mixture. Also, addition of anti-p50 antibody showed no effect
on the migration of the b band or the complexes seen with the
kBmut and 23-bp probes. Thus, it is likely that the proteins
participating in the formation of the b complex or associated
with the kBmut and 23-bp sequences are distinct, and least
antigenically, from the classical NF-kB subunits.
To further characterize nuclear proteins which are associ-

ated with the major complex seen with the 23-bp and kBmut

sequences, we performed two-dimensional UV cross-linking
experiments (2). In this study, the major nucleoprotein com-
plexes obtained with the 23-bp and kBmut probes, as shown in
Fig. 9B and C, respectively, were eluted from the native acryl-
amide gel and, after UV irradiation for 10 min, analyzed by

FIG. 9. Interaction of the kB and 23-bp motifs with cellular proteins. Sam-
ples (approximately 10 mg) of nuclear extracts from PMA-stimulated glial cells
were prepared and mixed with 32P-labeled wild-type kB (kBwt) (A), mutated kB
(B), or the 23-bp sequence (C) as described previously (2). The nucleoprotein
complexes were separated on a 6% native acrylamide gel and visualized by
autoradiography. In competition experiments, 10 and 50 ng of the unlabeled
double-stranded DNAs, as indicated above each lane, were included in the
binding reaction mixtures. The area of the gels which demonstrated a specific
nucleoprotein complex is shown. For supershift analysis the nucleoprotein com-
plexes with the wild-type kB (D), mutant kB (E), and 23-bp (F) probes were
formed with untreated extract (lane 1) or with PMA-treated extract in the
absence (lane 2) or the presence (lane 3) of anti-p65 antibody. The position of
the b complex is shown by an arrow. The arrowheads denote the NF-kB complex,
and the asterisk shows the supershift complex. wt, wild type; mut, mutant.

κB

κB

κB

κB

FIG. 8. Transcriptional activity of the truncated Cy promoter containing kB
and the 23-bp motifs. Five micrograms of recombinant constructs containing
either wild-type or mutant kB sequence and the DNA sequences spanning the
23-bp motif in the early or late orientation was introduced into glial cells. The
transfected cells were untreated or were treated for 2 and 12 h with 50 ng of
PMA per ml. After 36 h, cells were harvested and the CAT enzymatic activity of
the extracts prepared from the cells was determined.
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SDS-PAGE. As shown in Fig. 10, a major 40-kDa band was
detected in the sample corresponding to the protein associated
with the 23-bp probe. Similarly, the kBmut probe showed a
band with a 40-kDa molecular mass and an additional minor
band which corresponds to a 60-kDa protein. The 40-kDa
protein complex was also detected in the b complex formed
with the wild-type kB sequence (26a). Thus, it is evident that a
common 40-kDa protein is associated with the 23-bp sequence
and the kBmut sequence. Identification of the 40-kDa cellular
protein which binds to the kB and the 23-nucleotide insertion
motifs of the CyL promoter is of particular interest, in light of
our transfection studies indicating cross-interactions between
these two regulatory elements.
Altogether, these observations are consistent with a model

in which a cellular protein, such as the 40-kDa species, exhibits
the ability to bind the 23-bp and the kB motifs of the CyL
promoter. In the presence of the wild-type kB motif and clas-
sical NF-kB-binding proteins, including p50:p65, the 40-kDa
protein or other related proteins may not effectively interact
with the kB sequence. However, these proteins could bind to
the 23-bp motif and exert their activity. Mutations in the kB
motif, which interfere with the binding of p50:p65 activators to
their targets, provide the opportunity for the 40-kDa protein to
bind the kB domain. Under these circumstances, the interac-
tion of the 40-kDa protein with the mutated kB and the 23-bp
sequence may generate complexes which become nonproduc-
tive for CyL transcription. Accordingly, one could envision a
similar role for the 40-kDa protein in regulating transcription
of the CyL promoter with the wild-type kB under conditions
whereby the p50/p65 activators are not expressed or are not
fully active. Again, binding of the 40-kDa protein or the other
related proteins to the kB and 23-bp motifs in the absence of
p50:p65 may down-regulate CyL gene transcription. These are
intriguing speculations in light of clinical observations indicat-
ing that the immune states of individuals and the physiological
stature of cells are important for reactivation of the virus (for
a review, see reference 4). Thus, parallel studies of transcrip-
tion of the wild-type and mutant JCV genomes could provide
an avenue to unravel the highly complicated regulatory path-
ways which involve participation of inducible regulatory pro-
teins. Our future studies will focus on determining the role of
the 40-kDa protein in reactivation of the CyL promoter in
lytically infected cells and evaluating the possible interplay
between the 40-kDa protein and other cellular proteins, in-
cluding the NF-kB family.
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