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Measles virus-specific dsRNAs are targets for
unwinding/modifying activity in neural cells in vitro
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Biased hypermutation events found predominantly in the matrix gene of
measles virus isolated from persistent human CNS infections have been
attributed to the action of a cellular unwinding/modifying activity (UMA). To
define the level and distribution of this activity in brain cells, fractionated
extracts were prepared from the nuclei and cytoplasm of human glioblast-
oma (D-54, U-251) and neuroblastoma (IMR-32, SKN-MC) cells and analyzed
for their ability to modify synthetic dsRNAs specific for the measles virus
(MV) matrix (M) gene. On a quantitative basis we could show that the activi-
ty localized to both the nuclear and cytoplasmic compartments of both cell
types analyzed independent of cell proliferation. The presence of significant
levels of UMA in the cytoplasm of human brain cells following growth
arrestment in vifro with retinoic acid supports the interpretation that UMA
may contribute to the attenuation of MV gene functions during the primary
infection of brain cells, thereby supporting the establishment of virus persis-

tence.
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Introduction

As rare, late complications of acute measles, persis-
tent measles virus (MV) infections of the human
central nervous system (CNS) develop as subacute
sclerosing panencephalitis (SSPE) and measles
inclusion body encephalitis (MIBE). Virologically,
these conditions are characterized by a highly
restricted MV gene expression leading to strict cell
associated viral replication and a complete absence
of infectious virus particles (reviewed in Schneider-
Schaulies and ter Meulen, 1992). Whereas nucleo-
capsid protein (N) and phosphoprotein (P), as com-
ponents of the viral ribonucleotide particle (RNP)
are easily detected in neurons and glial cells in
autopsy material, the expression of the matrix (M),
fusion (F) and hemagglutinin (H) envelope proteins
is typically confined to a few infected cells or is
completely absent (Liebert et al, 1986). In addition
to very low frequencies of the corresponding
mRNSs, some of these reading frames have been
shown to be loaded with mutations that affect or
abolish the expression of the corresponding gene
products (for a review see Billeter et al, 1994).
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Extensive sequence analyses performed on MV
structural genes isolated from persistent brain infec-
tions or tissue culture cells indicated that basically
two types of mutations can be distinguished. Point
mutations, which are typically found to occur in
any viral gene and are linked in part to the genetic
variability present in co-circulating lineages of MV
(Baczko et al, 1992; Taylor et al, 1991), and hyper-
mutations involving simultaneous clustered transi-
tions of several uridine (U) to cytidine (C), or, less
frequently, adenosine (A) to guanosine (G) residues,
specified in the plus strand sense. This latter type
of mutation has been encountered predominantly in
the MV M genes of SSPE and MIBE cases and per-
sistently infected tissue culture cells (Cattaneo et al,
1988a,b; Ayata et al, 1989; Cattaneo et al, 1989;
Wong et al, 1989; Baczko et al, 1989) and was
ascribed to the activity of a double stranded (ds)
RNA dependent unwinding/modifying activity
(UMA) intrinsic to the host cell (Bass and
Weintraub, 1988; Cattaneo et al, 1988a, b; Bass et al,
1989). The model predicts that A residues would be
desaminated to yield inosine (I) in MV specific
dsRNAs during transcription. Subsequently, within
the first round of replication, the modified I
residues would base pair with C replacing the pri-
mary A/U pairing.



The potential pathogenetic importance of this
cellular activity in silencing MV gene functions has
recently been shown in a study characterizing the
evolvement of hypermutated sequences within dif-
ferent brain areas of a case of SSPE (Baczko et al,
1993). Moreover, hypermutated viral genes have
been observed in other viral infections (O’Hara et
al, 1984; Murphy et al, 1991; Antic et al, 1992) sug-
gesting a host mechanism for the downregulation of
viral gene expression.

Although this enzyme remains to be character-
ized, its activity could be detected in a variety of
mammalian tissue culture cells without an apparent
template specificity (Wagner and Nishikura, 1988;
Wagner et al, 1990; Nishikura et al, 1991). The
UMA has been localized to the cell nucleus and is
dependent on the cell cycle (Bass and Weintraub,
1987; Wagner and Nishikura, 1988) usually being
extremely low under growth arresting conditions.

In a previous study, a MV M specific subgenic
fragment has been successfully modified in nuclear
extracts of a human neuroblastoma cell line (IMR-
32) (Rataul et al, 1992). However, since MV repli-
cates only in the cytoplasm of an infected cell it is
unclear how a nuclear activity could affect MV gene
functions. We therefore reinvestigated the UMA in
human neural cells. In a comparative analaysis
using fractionated extracts of two neuroblastoma
(IMR-32, SKN-MC) and two glioblastoma (D-54, U-
251) cell lines the activity could be detected in both
the nucleus and cytoplasm to varying degree under
standard growth conditions. No significant loss of
UMA was observed regardless of whether growth
arrestment had been effected after retinoic acid
treatment of the cells. These findings indicate that
in brain cells significant levels of UMA are present
in the cytoplasm independent of proliferation that
may contribute to the primary protection of the host
cell from a lytic infection.

Results

Unwinding/modifying activity in neural tissue
culture cells
To determine the intracellular localization of the
UMA and its specificity for MV templates, nuclear
and cytoplasmic extracts were prepared from
human glioblastoma (D-54) cells. Complementary
subgenic MV M-specific RNAs were synthesized in
vitro in the presence of **P-ATP, hybridized to gen-
erate dsRNAs that were, after purification, used as
templates. For control, the individual reaction prod-
ucts were tested for their sensitivity to RNAse treat-
ment (data not shown). Following titration of the
cell extracts and time courses (data not shown), 60
ug of cell extract and 3 h incubation at 37°C were
used as standard conditions for all subsequent
experiments.

Using the 527 bp subgenic MV M-specific dsRNA
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Figure 1 Unwinding/modifying activity visualized by gel shift
and thin layer chromatography (TLC). Subgenic MV M-specific
dsRNAs (Xho2/EcoRI, nt 3445-3972) were incubated for 3 h each
with 60 pg cytoplasmic (each lane 1-3) and nuclear (each lane
4-6) extracts prepared from human glioblastoma cells (D-54)
and, for control, with the corresponding heat inactivated extracts
(each lanes 1 and 4). Reaction products were separated by a
native PAGE (a) or following nuclease P1-digestion into mononu-
cleotides, by TLC (b). The positions of the mononucleotides pA
and pl are indicated. For this particular experiment, the A/I con-
version rates were 5.8% and 6.4% (lanes 2 and 3) for the cyto-
plasmic extracts and 20.7% and 28.3% (lanes 5 and 6) for the
nuclear extracts. Spots visible above the pA signal in (b) (lane 1
and 4) are artefacts.

(derived from the 5' end of the M mRNA), a charac-
teristic conformational shift, indicated by the occur-
rence of higher migrating reaction products due to
UMA, could be observed in two independent
nuclear (Figure 1a, lanes 5 and 6) but not in cyto-
plasmic extracts (Figure 1a, lanes 2 and 3) of D-54
cells. Also typically, the activity could be eliminat-
ed by heat inactivation of the extract prior to incu-
bation (Figure 1a, lanes 1 and 4).

To quantitate the levels of UMA, the conversion
rates of adenosine (A) to inosine (I) were deter-
mined following digestion of the reaction products
into mononucleotides and subsequent separation by
thin layer chromatography (Figure 1b). Due to the
higher sensitivity of this assay, UMA could also be
detected in the cytoplasmic extracts (Figure 1b,
lanes 2 and 3) that were found to be essentially
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