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The replication of measles virus in human neural and nonneural cell lines in terms of growth and
cytopathic effect was affected by treatment of the cells with papaverine, which increases endogenous cyclic
AMP. Suppression of virus growth was most prominent in neuroblastoma cells, followed by that in
epidermoid carcinoma and glioblastoma cells, whereas the suppressive effect was relatively weak in
oligodendroglioma cells. The papaverine-induced suppression of virus growth in neuroblastoma cells was
studied in detail. The suppression that occurred was dependent on the dose of papaverine and was
reversible. By treatment with 10 WM papaverine, virus-cell interactions were modified as follows: (i) early
replication steps such as adsorption, penetration, and uncoating of the virus were not affected; (ii) synthesis
of viral RNAs, including genomic RNA and mRNA, was inhibited; (iii) translation of viral proteins from
mRNA was not blocked; and (iv) glycosylation and transport of viral glycoproteins to the cell membrane
were not inhibited, but phosphorylation was blocked. The significance of suppressed virus replication in
neural cells is discussed in relation to the persistence mechanisms of measles virus in the central nervous

system.

The mode of replication of measles virus (MV) has been
studied extensively with the African green monkey kidney
cell lines Vero and CV-1 because of their high susceptibility
to MV (3). Other cell lines, such as those of neural origin,
were recently used to investigate virus-cell interactions in a
simulation of the growth of MV in the brain (2, 8). However,
most of the neural cell lines were established from spontane-
ous tumors and show properties of cells at relatively undif-
ferentiated or embryonic stages, in contrast to the situation
in the brain, which consists mainly of differentiated cells (1).
Several investigators reported that cyclic AMP (cAMP) and
its analogs induce the differentiation of the established
neural cell lines (1, 11, 12). Therefore, analysis of the
replication of MV at different levels of cAMP in these cell
lines may bring understanding of virus-cell interactions in
the brain.

Robbins and Rapp (15) first reported that the treatment of
human amnion AVj cells with cAMP caused the suppression
of MV growth and the appearance of viral cytopathic effect
(CPE) with selective suppression of the synthesis of viral P
and M proteins, and they speculated about a restricted
replication of MV in the nervous system because of the high
level of cAMP in these tissues.

Miller and Carrigan (11) reported that elevation of the
endogenous cAMP level by papaverine caused a marked, but
reversible, suppression of MV growth in neural cells, with
selective suppression of viral M protein synthesis. Thus,
they postulated that viral persistence may be related to the
state of neural differentiation.

In two experiments, we examined the effect of papaverine
on the replication of MV in various neural and nonneural
cells. Subsequently we examined the mechanisms for the
inhibition of MV replication in the human neuroblastoma cell
line in which the most marked suppression was observed and
found that viral RNA synthesis and phosphorylation of the
viral proteins were inhibited by treatment with papaverine
but that virus adsorption, penetration, uncoating, translation
of viral proteins from the mRNAs, and glycosylation of the
viral proteins were not inhibited. These results suggest that
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the replication of MV in vivo may be easily modified by
change in cellular conditions, such as cell differentiation,
regeneration, hyperplasia, and hypertrophy, and that these
kinds of modifications may participate in the establishment
of a persistent MV infection in vivo.

MATERIALS AND METHODS

Virus. The Edmonston strain of MV propagated in Vero
cells was used. It had a titer of 10 PFU/ml when titrated in
Vero cells.

Cells. Three human neural cell lines (12, 14, 19, 21), IMR-
32 neuroblastoma (IMR), 118-MGC glioblastoma (MGC),
and KG-1 oligodendroglioma (KG), and a human oral epider-
moid carcinoma cell line, KB cells (KB), were maintained by
DM 160 medium (Kyokuto Pharmaceutical Industrial Co.
Ltd., Tokyo, Japan) supplemented with 10% heat-inactivat-
ed fetal bovine or newborn calf serum and 60 pg of kanamy-
cin per ml. Vero cells were used to titrate virus infectivity,
since they were found to be insensitive to papaverine
treatment in the preliminary study (data not shown).

Treatment of cells with papaverine. Papaverine (Sigma
Chemical Co., St. Louis, Mo.) was dissolved in distilled
water at a concentration of 1 mM and stored at —20°C before
use. Before or after virus infection, monolayer cells were
treated with papaverine, which was appropriately diluted
with a maintenance medium consisting of DM 160 medium
supplemented with 5% heat-inactivated fetal bovine serum
and kanamycin.

Growth curve of virus. The assay methods were described
elsewhere (22). Briefly, monolayer cells in multiwell plastic
dishes (Linbro no. 76-033-05) were pretreated with 10 uM
papaverine for 48 h, inoculated with 10° PFU of MV, and
cultured in the maintenance medium containing 10 pM
papaverine. Between 1 and 4 days post-inoculation (pi), the
infected cells were disrupted by sonication, frozen once at
—80°C, and clarified by centrifugation at 3,000 rpm for 15
min. The infectivity titer of virus in the supernatant was
assayed in Vero cells.

Adsorption, penetration, and uncoating of virus. Virus
adsorption, penetration, and uncoating were examined by
the method of Kohno et al. (9) with slight modifications for
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plastic dishes (Falcon no. 3001). Monolayer cells were
chilled in a melting ice bath, inoculated with 10° PFU of MV,
settled on ice, and harvested at intervals. The cells were
subjected to sonication and light centrifugation, and the titer
of adsorbed virus was determined on the supernatant.

To determine the penetration and uncoating rates, virus
was adsorbed at 0°C for 60 min on the monolayer cells, and
the cells were incubated for various intervals at 37°C. The
cells were first chilled in a melting ice bath, to terminate
virus penetration and confer resistance to low-pH treatment,
and then treated with cold glycine-hydrochloride-buffered
saline (0.14 M NaCl, 8 mM glycine, 0.001 N HCI, 1.2 mg of
bovine serum albumin per ml, pH 2.5) for 5 min to inactivate
unadsorbed virus, and then pH was neutralized by 1/15 M
Na,HPO,. Thereafter the monolayer cells were further cul-
tured in the maintenance medium, and the numbers of virus-
induced plaques were counted 2 days later for penetrated
virus. To determine the uncoating rate, the monolayer cells
were subjected to sonication and light centrifugation imme-
diately after inactivation of the unadsorbed virus, and the
infectivity titer in the supernatant was assayed. The low-pH-
resistant virus titer, representing penetrated virus, minus the
supernatant infectivity titer, representing penetrated virus
before uncoating, gave a remainder that was considered to
represent a titer of the uncoated virus.
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Preparation and agarose gel electrophoresis of the viral
RNAs. Monolayer cells grown in plastic dishes (Falcon no.
3002) were infected with 2 X 10° PFU of MV. When CPE
occupied about 30 to 50% of the cell sheet, the cells were
treated with 20 pg of actinomycin D (AMD) (Sigma) per ml
for 2 h at 37°C. Viral RNA was labeled by culturing the cells
with P-free Eagle minimal essential medium supplemented
with [*2PJorthophosphate (500 wCi/2 ml per dish; carrier-
free, 64 mCi/ml) (Japan Radioisotope Association, Tokyo,
Japan), 1.0 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid), and 10 ug of AMD per ml for § h at
37°C.

The labeled cells were scraped, washed with cold phos-
phate-buffered saline, and lysed in TNE buffer (0.1 M NaCl,
10 mM Tris-hydrochloride, 1 mM EDTA-2Na, pH 7.2)
containing 0.5% Nonidet P-40 at 0°C. The nuclear fraction
was removed by light centrifugation, and the supernatant
was mixed with an equal volume of TNE buffer containing
7.0 M urea (pH 7.4) (Ultra pure; Schwarz/Mann, Orange-
burg, N.Y.). RNA was extracted by mixing the lysate with
an equal volume of a phenol-chloroform-isoamyl alcohol
mixture (50:50:1) and centrifuging the mixture at 10,000 rpm
for 5 min. RN A was precipitated by addition of a 0.1 volume
of 2.0 M sodium acetate buffer (pH 5.4) and incubation
overnight with pure ethanol at —20°C. After centrifugation at
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FIG. 1. Effect of papaverine on MV replication in various cell
lines. (a) Virus growth curve. Monolayer cells were infected with
MYV and cultured in medium containing 10 .M papaverine. The cells
were sonicated, freeze-thawed once, and centrifuged. Infectious
virus was titrated in Vero cells. Ordinates indicate virus titers (log,o
PFU/ml), and abscissa indicate days dpi. Symbols: O, papaverine-
treated cells; @, control cells. (b) Synthesis of viral proteins. Virus-
infected cells, either papaverine-treated or untreated ones, were
labeled with [>*S]methionine for 2 h at the time when CPE occupied
more than 50% of the cell sheet in untreated cells. Viral proteins
were immunoprecipitated and analyzed by SDS-PAGE. Pap., Pa-
paverine-treated cells; UT, untreated cells.



qa Titer

(log10)
5
4
3_
24
|_
.~ 0
LA T i T T =¥
017192 4 6 8 FMIO
- ek ol i
S oo - e bk RS e IMR MV
Pap. 0 0o o8 1 2 & 6 UW

2h 5h 5 A%

FIG. 2. Dose-dependent suppression by papaverine treatment of MV replication in IMR cells. (a) Virus yield. Monolayer cells were
treated with O to 10 pM papaverine 24 h before virus inoculation. After virus adsorption, the cells were cultured in maintenance medium
containing 0 to 10 pM papaverine. Virus yield at 30 h pi was titrated in Vero cells. Abscissa indicates the concentration of papaverine. (b and
c) Synthesis of cellular and viral proteins (L, H, P, NP, A, F;, and M). Monolayer cells were treated with papaverine (Pap.) as above, infected
with virus, cultured in medium containing papaverine and labeled by [**S]methionine from 28 to 30 h pi. The cells were lysed by RIPA buffer
and analyzed by SDS-PAGE with (b) or without (c) immunoprecipitation, representing viral and cellular protein synthesis, respectively. U,
Uninfected cells; Pap., papaverine-treated cells. (d) Synthesis of viral RNAs. Monolayer cells were treated as above, and after inhibition of
cellular RNA synthesis by AMD treatment, viral RNAs were labeled with [*?P)orthophosphate and analyzed by agarose gel electrophoresis.
Pattern of autoradiography performed at —80°C for 5 h is shown. To demonstrate cellular and viral RNAs more clearly, autoradiography of the
same gel was also performed for 2 h (lanes x) or 40 h (lanes ®). AMD, AMD treatment. (¢) Comparative patterns of cellular and viral RNAs.
RNAs of IMR cells and those of MV were labeled with [*2PJorthophosphate. Major bands are completely different from each other. Among
cellular RNAs, A and D are 28S and 18S ribosomal RNAs, respectively.
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10,000 rpm for 5 min, RNA was washed once with cold 75%
ethanol, freeze-dried, and dissolved in distilled water.

The RNA was denatured by glyoxal treatment at 50°C for
15 min and then mixed with dye solution containing bromo-
phenol blue and xylene cyanol. Electrophoresis was per-
formed at 8°C with a constant current of 18 mA for 17 hon a
1.1% agarose gel (Seakem agarose ME; Marine Colloids
Division, Rockland, Maine) in 10 mM sodium phosphate
buffer (pH 7.2).

Labeling of viral proteins and SDS-PAGE. Monolayer cells
in plastic dishes (Falcon no. 3001) were inoculated with MV,
incubated for 15 to 30 min with methionine-free Eagle
minimal essential medium, and then labeled for 1 to 2 h with
the same supplemented with [**S]methionine (50 wCi/0.5 ml
per dish; 1,465 Ci/mmol) (Radiochemical Centre, Amer-
sham, England).

For the pulse-chase experiment, viral proteins were la-
beled with [**S]methionine (100 wCi/0.5 ml per dish) for 60
min at 24 h pi and chased for 5 h. The transport of viral
glycoproteins to the cell membrane was examined by the
method of Knipe et al. (7). Briefly, one part of the 5-h-chased
cells was treated with 1 mg of a-chymotrypsin per ml (type
II; 49 U/mg) (Sigma) at 37°C for 10 min, and the treatment
was terminated by addition of 2 mM phenylmethylsulfonyl
fluoride (Sigma) and 0.1 mM tosylamide phenylethylchloro-
methyl ketone (Sigma) as protease inhibitors.

To investigate the phosphorylation of viral proteins, in-
fected cells were labeled for 90-min intervals with [>S]me-
thionine (100 wCi/0.5 ml per dish) and [**Plorthophosphate
(500 nCi/1.5 ml per dish) from 24 to 30 h pi. All the labeled
samples were lysed in RIPA buffer supplemented with
EDTA, immunoprecipitated by a hyperimmune monkey
serum against MV (which was supplied by T. Kohama,
Department of Measles Virus, National Institute of Health of
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FIG. 3. Reversibility of the suppressive effect of papaverine on
virus replication in IMR cells. Two cultures of papaverine-treated
IMR cells were inoculated with MV and cultured in medium
containing papaverine. The medium of one group was replaced 24 h
pi by ordinary medium without papaverine (O), and that of the
other group was not changed (x). As a control, untreated cells were
inoculated with MV and cultured in medium without papaverine
(@).
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Japan), and analyzed by a 6 to 18% gradient of sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) slab gels as described previously (22).

Electron microscopy. Virus-infected cells were fixed first
by 0.1 M cacodylate buffer (pH 7.4) containing 2.5% glutar-
aldehyde and then by OsO4 and embedded in Epon. Ul-
trathin sections were stained and examined as usual.

RESULTS

Growth of MV in papaverine-treated cells. Treatment of the
cells with 10 uM papaverine caused morphological changes
in both IMR and KB cells; neurite formation and dissocia-
tion occurred in IMR cells; and flattening occurred in KB
cells (data not shown). Morphological changes were not
observed in MGC or in KG cells. When MV was inoculated
onto papaverine-treated cells, the appearance of virus-in-
duced CPE was delayed and tended to be limited. The virus
yield was suppressed most remarkably in IMR cells, fol-
lowed by that in KB and MGC cells. On the other hand,
reduction in virus yield was relatively mild in KG cells (Fig.
l1a).

Synthesis of viral proteins was examined by labeling the
cells with [**S]methionine at the time when untreated,
infected cells showed more than 50% CPE. Viral protein
synthesis correlated to the virus yield mentioned above (Fig.
1b). Thus, there was no detectable viral protein labeled in
IMR cells. In contrast, mainly NP protein was labeled in
both KB and MGC cells, H and P were labeled weakly, but
neither F; nor M was labeled. All the viral component
proteins were labeled as efficiently in KG cells as were those
in untreated control cells.

In the following experiments, the effect of papaverine was
examined in IMR cells, since the most marked suppression
was observed in these cells.

Suppression of MV replication by various doses of papaver-
ine. The effect of papaverine at various doses on the growth
of MV was examined. Figure 2a shows virus yield at 30 h pi,
when one-step virus growth finished in the untreated IMR
cells. The virus titer was reduced with an increase in the
dose of papaverine. In the cells treated with 4 uM or more
papaverine, infectious virus was not detected.

The suppression of viral protein synthesis with an in-
crease in the dose of papaverine was also observed. The
suppression seemed to involve all the viral structural pro-
teins but not any special ones (Fig. 2b). To determine the
effect of papaverine on cellular protein synthesis in IMR
cells, the cell lysate was analyzed by SDS-PAGE without
immunoprecipitation. Cellular protein synthesis was not as
affected as was that of viral proteins (Fig. 2c).

When viral RNA synthesis was examined, the results
correlated with those of virus yield and protein synthesis.
Cellular RNA synthesis involving ribosomal RNA was
completely blocked by AMD treatment, and only viral
RNAs which consisted of 10 different species were demon-
strated (Fig. 2d). All these RNAs, however, were not
detected when the cells were treated with 2 uM or more
papaverine. The patterns of major cellular RNAs were
markedly different from those of viral ones (Fig. 2e).

Reversible effect of papaverine on replication of MV. To
examine whether the suppressive effect of papaverine on the
growth of MV was reversible or not, papaverine was re-
moved from the culture medium 24 h pi, and virus yield was
measured at intervals. In untreated IMR cells, the first
progeny virus was detected 10 h pi, and one-step virus
growth finished within 30 h (Fig. 3). In the cells treated with
10 wM papaverine, no infectious virus was detected up to 24
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h pi. When the maintenance medium containing papaverine
was replaced with the medium free of papaverine, infectious
virus was detected 6 h after the change in medium, i.e., 30 h
pi, and its titer increased thereafter. When the papaverine-
treated, virus-infected cells were maintained by the culture
medium containing papaverine without a change in medium,
no infectious virus was detected until 50 h pi, the termination
of this experiment. Thus, it is clear that this suppressive
effect was reversible.

Effect of papaverine on early steps of virus replication. The
effect of papaverine on early steps of virus replication such
as adsorption, penetration, and uncoating in IMR cells was
examined. There was no difference in the kinetics of these
early steps of MV replication between papaverine-treated
and untreated cells (data not shown).
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FIG. 4. Effect of papaverine treatment at different times on virus
replication in IMR cells. (a) Virus yield. Ordinary maintenance
medium was replaced with one containing 10 wM papaverine at
different times before or after virus inoculation, as indicated by
downward arrows. Before papaverine treatment, a sample of virus-
infected cells was collected and titrated for its infectivity (@).
Another sample was cultured further in the medium containing
papaverine, and the virus yield 28 h pi was titrated (O). (b) Synthesis
of viral proteins. The cells were treated with papaverine and
inoculated with MV by the same schedule as above. After labeling
the cells with [>*S]methionine 27 to 29 h pi, viral proteins were
immunoprecipitated and analyzed by SDS-PAGE. —24 to 18, Time
of papaverine treatment, from 24 h before virus inoculated to 18 h pi.
UI, Uninfected cells; UT, untreated, virus-infected cells. (c) Syn-
thesis of viral RNAs. Cellular RNA synthesis was blocked by AMD
treatment, and viral RNAs were labeled with [32Plorthophosphate
by the same schedule as above.

Time-sequential effect of papaverine on growth of MV. IMR
cells were treated with 10 M papaverine before or after
virus inoculation and then examined for virus yield and the
synthesis of viral proteins and RNAs. Infectious virus was
not detected when the cells were treated before the produc-
tion of progeny virus, i.e., 6 h pi (Fig. 4a). If the cells were
treated later than 12 h pi, when virus-induced CPE had
appeared, the virus titers did not increase as did those of
untreated controls, although CPE tended to spread gradual-
ly.

The kinetics of viral protein synthesis correlated to the
time papaverine treatment started (Fig. 4b). If treatment was
started before virus inoculation or immediately after virus
adsorption, only P protein was detected. When treatment
was started 3 h pi, P and NP proteins were demonstrated
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FIG. 5. Effect of papaverine on processing of viral proteins in IMR cells. (a) Pulse-label and -chase of viral proteins. Virus-infected cells
were treated with papaverine (Pap.) at 12 h pi or were untreated (UT), labeled with [**S]methionine for 1 h at 24 h pi, and then chased for 1, 3,
or 5 h. To remove outer membrane proteins, 5-h-chased monolayer cells were treated with chymotrypsin (5chy) before harvesting the cells. In
both papaverine-treated and untreated cells, increase in molecular weight of H protein (O) and appearance of F, protein (@) are noted. With
chymotrypsin treatment, H and F, proteins disappear, whereas inner proteins such as NP (x) and M (W) do not disappear. (b) Kinetics of viral
protein synthesis. Monolayer cells were treated with papaverine 12 h pi, or untreated, and labeled with [>**S]methionine from 24 to 30 h pi at
90-min intervals. Numbers indicate the starting time (h pi) of the labeling. (c) Kinetics of viral protein phosphorylation. Cells were treated and

labeled with [*2Plorthophosphate by the same schedule as above.
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dominantly, but H, F,, and M proteins were not detected. If
treatment was started later than 6 h pi, all the viral compo-
nent proteins were produced; labeling of viral proteins was
increased parallel with the delayed starting of papaverine
treatment.

Viral RNA synthesis was completely inhibited by treat-
ment with papaverine at any time after virus inoculation
(Fig. 4c). These results suggest that papaverine inhibits the
transcription of viral RNAs but not the translation of the
proteins from viral mRNAs.

Effect of papaverine on processing of viral proteins. To
investigate the processing of viral proteins in the presence of
papaverine, IMR cells were treated with 10 uM papaverine
after 12 h pi. In this condition, the virus yield was markedly
suppressed, as mentioned above, whereas translation of
viral proteins proceeded.

Electron microscopic examination revealed that the
number of budding virions was remarkably smaller in the
papaverine-treated sample than was that of untreated con-
trols (data not shown). However, the virions budding from
the papaverine-treated cells were not morphologically distin-
guishable from those of untreated cells.

Glycosylation and the transport of viral glycoproteins to
the cell membrane were examined by combination of a
pulse-chase experiment and protease treatment of the infect-
ed cells. The molecular weight of H protein increased during
the chase periods, suggesting that glycosylation of H protein
occurred in papaverine-treated cells, as it did in untreated
controls (Fig. 5a). The cleavage of fusion protein from F to
F, was also observed in both cases. Moreover, H and F,
proteins, which were detected in 5-h-chased samples, disap-
peared after treatment of the cells with chymotrypsin, al-
though the inner proteins such as NP and M remained. These
results indicate that viral glycoproteins are normally proc-
essed and transported to the membrane even in papaverine-
treated cells.

Phosphorylation of viral proteins was examined by tempo-
ral pulse-labeling of the cells with [**S]methionine and
[*?Plorthophosphate. All the viral component proteins were
demonstrated in papaverine-treated cells by labeling with
[>*SImethionine, although the labeling efficiency was not as
good as that of untreated controls (Fig. 5b). When the
infected cells were pulse-labeled with [>°Plorthophosphate
by the same time schedule, the isotope was incorporated into
P and NP proteins and weakly into M protein in untreated
controls. However, the phosphorylation did not occur in any
of these proteins in papaverine-treated cells (Fig. 5c).

DISCUSSION

MV is known to persist in the central nervous system and
to induce a slow virus disease, subacute sclerosing panence-
phalitis. The mechanisms of the persistent infection and
virus-cell interactions in the brain, however, have not been
well understood. Recently. Wechsler and Meissner (20)
reviewed MV-cell interactions in terms of the replication
mode of bath MV and subacute sclerosing panencephalitis
viruses in various cell lines and concluded that host cell and
viral factors play important roles in persistent infections.

In this study, cellular conditions were experimentally
modified by increasing endogenous cAMP by papaverine
treatment. The treatment generally caused suppression of
MV-induced CPE and virus replication. As reported by
Miller and Carrigan (11), neuroblastoma cells were highly
susceptible to the treatment, although oligodendroglioma
cells were relatively resistant. Moreover, nonneural KB
cells were also susceptible, as were AV; cells (15). Thus,
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cAMP-associated suppression of MV growth occurred in
both neural and nonneural cells. Papaverine is known to
block the activity of cAMP phosphodiesterase, resulting in
an increase of the endogenous cAMP. The low efficiency of
papaverine-induced suppression in the resistant cells may be
responsible for the low permeability of papaverine, the low-
level production of cAMP, or the abundant production of
phosphodiesterase. It may be necessary to measure the in
situ CAMP level in brain cells to investigate MV-cell interac-
tions, including persistent infections in the central nervous
system.

In neuroblastoma cells, in which the most marked sup-
pressive effect was noticed, early steps of virus growth, such
as adsorption, penetration, uncoating, translation of the viral
proteins from the mRNAs, and processing of the viral
glycoproteins, occurred normally, whereas synthesis of viral
RNAs and phosphorylation were inhibited. Thus, suppres-
sion of viral RNA synthesis is suggested as a mechanism of
papaverine-induced inhibition of MV replication. In a similar
study, Miller and Carrigan (11) speculated that selective
suppression of M protein production caused inhibition of
MYV replication in neuroblastoma cells. The discrepancy of
these results might be ascribed to the difference in suscepti-
bility to papaverine of the neuroblastoma cell lines. In fact,
the suppressive effect of papaverine treatment differed from
cell to cell; synthesis of F; and M proteins seemed to be
selectively blocked by papaverine treatment in KB and
MGGC cells, in contrast to the suppression of all viral proteins
in IMR cells.

Reversible suppression of MV growth by papaverine was
reported already by Miller and Carrigan (11). A state of silent
infection, in which MV growth is inhibited, was reported for
small lymphocytes, and active production of the progeny
virus is induced in lymphoblasts which were transformed by
phytohemagglutinin (10, 18). Although mechanisms for virus
persistence in small lymphocytes are unknown, this situation
seems to superficially resemble that of MV infection in
papaverine-treated IMR cells. The inhibition of viral RNA
synthesis and the reversibility of the papaverine-induced
inhibition may suggest that MV replication is modified to a
nonproductive genomic form by change in the microenviron-
ment of host cells, such as differentiated neural cells. This
type of persistent infection in a genomic form has been
reported for herpes simplex virus infection, in which the
virus undergoes latency at the regional ganglion and is
reactivated when the peripheral region is injured and neuro-
nal regeneration occurs (17).

Several possibilities have been proposed for the persis-
tence mechanism of MV in subacute sclerosing panencepha-
litis: split tolerance of cell-mediated immunity to MV, block-
ing factors, silent infection in lymphocytes, a defect in M
protein, and antigenic modulation by the antibody (10, 13,
20). Persistence of virus in genomic form needs to be
considered as another possibility. By use of an in situ
hybridization technique, Haase et al. (5) demonstrated the
existence of viral RNA in a part of the brain of subacute
sclerosing panencephalitis patients, in which immunofluo-
rescence testing failed to detect viral antigens. The result is
compatible with the hypothesis of virus persistence in geno-
mic form.

Electrophoretic patterns of the MV mRNAs were reported
by Hall et al. (6), Gorecki and Rozenblatt (4), and Rozenblatt
et al. (16). In this study, 10 different species of RNA were
detected under conditions in which cellular RNA synthesis
was completely inhibited by AMD. The largest one was
considered to be equivalent to the negative-stranded viral
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genome, since major parts could not bind to oligodeoxyribo-
sylthymine-cellulose (data not shown). The characterization
of another nine mRNAs is now in progress.
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ADDENDUM IN PROOF

Ten different species of MV RNAs, as indicated in the
present study, were recently described by S. A. Udem and
K. A. Cook (J. Virol. 49:57-65, 1984).
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