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INTRODUCTION

I. Statement of the Problem

Measles virus is a member of the paramyxovirus group. The virion
contains ribonucleic acid (RNA) which has a molecular weight of 6.0 x 106
daltons. The diameter of these spherical virions is 100 to 300 nm., as
determined by electron microscopy. The virus is sensitive to ether and
to extremes in pH. Measles virus is often referred to as a “cell
associated virus”. In vivo, measles virus latency has been related to
subacute sclerosing panencephalitis (SSPE), a slow demylinating disease
of the central nervous system. Measles virus has been also implicated
indirectly with multiple sclerosis. Knowledge of the control of the
persistence could provide the necessary iﬂ.!iEEE model in understanding
the pathogenesis and poténtiaL elimination of chronic human diseases
where the etiology is suspected of being due to a latent virus.

In our laboratory, a persistent infection of measles virus was ini-
tiated by inoculation of a dilute virus preparation into Hela cells.
The purpose of this thesis was to understand the persistence by:

I. Characterization of the HelLa cell culture persistently infected

with measles virus.

II. Characterizaticn of the virus released from persistently

infected cultures to the virus used to initiate the persistence.



II. Literature Review

A. Historical Background
The clinical disease of measles was first described by the Syrian

physician, EL Yehudi (48), in the year 68 B.C. Measles was thought to
be a milder clinical form of smallpox until Rayes (48), a Persian.
finally distinguished it 1,000 years later. Very little was added to
the measles literature until the 19th century, probably because it
seemed to be a less important illness when compared to such infectious
diseases as the plague, smallpox. and syphilis. Being primarily a
disease of children, the obvious influence on the course of world
events was minimal. However. measles was responsible for the death of
the heir to the French throne and resulted in the ascension of Loujs XV
48).

In 1846. an outbreak of measles was reported in the Faroe Islands
between Shetland and Iceland which was originated by an Icelander who
developed measles after returning from Copenhagen. From this one cases
an epidemic started that affected more than 6.000 people of & total
population of 7,782. A Danish physician, Dr. Panum, realized that the
only people spared were those who had measles as children 65 years
earlier. His analysis of the epidemic made it possible to derive
basic information concerning the incubation period. prodromal state of
infection, clinical manifestations: along with the immunology. epi-
demiology. ard prevention of measles (48). During the next 100 vears,
his observations were confirmed and extended. The next hajor step 1in

the understanding of measles came in 1954 when John Erders of the



Harvard Medical School in Boston. Massachusetts isolated a filterable
agent from the blood, taken on the first day of a rash from a 13 year
old boy, by the name of John Edmonston. The causative agent of measles

or rubeola was later characterized as measles virus (8).

B. Measles virus structure

Measlesvirus examined under the electron microscope is pleo-
morphic. The virions range in size between 100-300 nm in diameter,
centain nucleocapsids of 16-18 nm in diameter and approximately 1.06
in length and are surrounded by a lipid membrané. Complement-fixing
antibody activity has. been associated with the nucleocapsids. Viral
spikes extend from the virion envelope and measure 10 nm in length.
These glycoprotein spikes are respensible for the hemagglutination (HA)
of monkey erythrocytes. The lipid envelope as well as the hemaggiutinin
protein are required for infectivity and hemolysin (HL) activity.
Measles virions do not elute spontaneously from red blood cells and do
not contain neuraminidase molecules. The infectivity of measles virus
can be completely destroyed by stirring with ether for 15 min at room
temperature or after 10 min at pH 2, 3+ 4, and 11. g-radiation also
completely inactivates measles virus suspended in liquid medium at a
range between 3-5 x 105 roentgen equivalent physicals/h (28).: In-
fectivity can be maintained at temperatures below =20 C in the presence
of protein for several months. However, in the absence of 3 protein
stabilizer, only 20% of the initial infectivity is retained after two

hours at 25 C.



1. Vira{ RNA

RNA molecules isolated from paramyxoviruses such as New-
castle disease virus (NDV) or mumps virus have a sedimentation value
of 50S but this value varies amcng authors for measles virion RNA.
Measles virus RNA, extracted by the phenol sodium dodecyl! sulfate (SDS)
method and centrifuged in sucrose gradients containing SDS, has been
shown to co-sediment with NDV RNA: a known 505 molecule (50). Measles
virus RNA has also been reported to sediment faster than NDV (14) or
Simian virus-5 (SV-5) RNA (45) with a sedimentation rate of 525. When
extracted with SDS plus phenol, 10-25% of the measles virus RNA counts
remained acid insoluble after hemolysis with pancreatic or T1 RNase
(50). However, only 2.7% of the counts remained resistant when measles
virus RNA isolated from nucleoccapsids was heated and quick-cooled im-
mediately prior to pancreatic RNase treatment. The base composition
of viral RNA isolated from purified nucleocapsids by mole percent was:
€(22.23 + 0.93), A(26.45 + 0.75), G(22.56 + 0.75), U(28.74 + 0.79)
(49). On the basis of the nucleotide composition and RNase sensitivity.

the nucleocapsid RNA of measles virus appears to be single stranded.

2. Viral proteins
Hall and Martin (10) have isolated six polypeptides from
purified measles virions. The molecular weights (M.W.) determined by
sodium dodecyl éulfate—polyacrylamide gel electrophoresis (SDS-PAGE)

were:



Polypgptide number M. W.
1 75,600
2 69,000
3 60,000
4 53,000
5 51,000
6 45,700

Two (no. 2 and 4) of the six virion proteins were found to
be labeled with [3H]~glucosamine indicating that glycoproteins are in-
volved in the measles virion structure. After bromelain (a proteolytic
enzyme) treatment of purified virions only these two glycoproteins are
removed. In addition, electron microscopy of enzyme tregted virions
reveals smooth, spikeless virions. This suggests that these polypep-
tides are associated with the surface spikes. When Tween 20 was
employed to solubilize purified measles virus preparations, the tuwo
glycoproteins were found with envelope material which sedimented
heterogenously between 4 and 10S. HA and HL activity were restored
when the Tween 20 was removed by dialysis (11).

Bussell et al. (1) have compared the proteins of measles
virus with those of canine disteﬁper virus (CDV). Six major polypep-
tides were found in both measles virus and CDV preparations by SDS-
PAGE (78,000, 69,000, 59,000, 51,000, 44,000, 38,000). WYhen [SHl-amino
acid labeled CDV virions were co-electrophoresed with [14CJ-amino acid

labeled measles virus, the six polypeptides had similar electrophoretic
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mobilities. Only the 78,000 M.W. polypeptide from measles virions was
determined to be a glycoprotein, while Hall and Martin (10) demon-
strated that two measles polypeptides (no. 2 and 4) with molecular
weights of 69,000 and 53,000 were labeled with [3H]-glucosamine. When
[3HI1-amino acid labeled measles virions were dissociated without
mercaptoethanol (ME), a major peak of radjoactivity was detected at a
position which indicated a molecular weight of 185,000. Under these
same non-reducing conditions: polypeptide no. 2 was not detected and a
decrease in the amount of radioactivity in polypeptide no. 1 was noted.
These results suggest that this large polypeptide is a virion protein
which can be reduced to at least two peptide chains, one of which co-
migrated with polypeptide no. 1 and the second giving rise to polypep-
tide no. 2. Further, Bussell's polypeptides no. 2 and no. 3 were
shown to be phesphoproteins.

The characteristics given to these polypeptides by Bussell

and co-workers were:

Polypeptide number Est. M.W. Characteristics
"0 185,000 Major component minus ME
1 78,000 Glycoprotein
2 69,000 Phosphoprotein
3 58,000 Phosphoprotein nucleocapsid
2 51.000 Minor component
5 44,000 Glycoprotein in CDV

6 38,000 M protein (membrane)



Polypeptide no. 1 of measles virus has been postulated by Bussell et
al. (1) to function in a similar manner aé the L polypeptide of
vesicular stomatitis virus (VSV) (7) which has been shown to be in-
volved in primary viral transcription. The analogy between these
proteins is based on the similar molecuiar weights. Polypeptide no. 6
is believed to be a non-carbohydrate containing membrane protein
similar to the M protein of Sendai virus described by Scheid and Chop-

pin (44),

3. Viral nucleocapsids

Measles virus nucleocapsids consist of approximately 2,000
copies of polypeptide no. 3 with a single measles virus genome (10).
The buoyant density of isolated nucleocapsids ranges from 1.30 to 1.31
g/cc in CsCl (10,32). The sediméﬁtation coefficient ranges trom 2053
to 300s (10.20,32). The viral RNA makes up approximately 5% of the
nucleocapsid and has a sedimentation coefficient of approximately 528
{(10>. The diameter of the nucleocapsid depends on the method of
preparation but averages between 16-18 nm. with the hollow inner core
measured at 4.3 to 5.2 nm determined by electron microscopy (49).
Measles virus nucleocapsids were estimated by Nakai et al. (29) to be
1.06 p and 1.15 1 in length. From these measurements, measles nucleo-
capsids are ionger than those of SV-5 (1.02 u) and egual in length or
longer than NDV nucleocapsids (1.06 w) as reported by Compans and
Choppin (5). Measles virus nucleocapsids appear rigid and tightly

coiled in electron micrographs when proteolytic enzymes are used in
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the isolation procedure. In the absence of proteolytic enzymes: loose,
flexible nucleocapsids are seen (49). In'addition. SDS—-PAGE revealed
that nucleocapsids harvested from infected cells in the absence of
proteolytic enzymes have a single major polypeptide of 61,000 daltons.
NUcleocapsid preparations harvested from infected cells with trypsin

or pronase contained two polypeptides of 38,000 and 24,000 daltons.

4. Viral envelopes

The measles virus envelope consists of virus—specific
proteins and host derived lipid material obtained at the time of virus
budding. Nucleocapsids align themselves beneath the plasma membrane
and bud outward from the cell membrane, pinching off from the cell
surface to form viral particles. These pleomorphic virions contain
projecticns or “spikes” which aré glycoproteins. Electron micregraphs
reveal that these glycoproteins (Hall and Martin's [10] proteins no.
2 and 4) are removed from the virion surface after protease treatment.
The resulting spikeless virus particles possess only minimal amounts
of infectivity., HA or HL (11).

The functional role of the envelope components and glyco~
proteins in measles virions has been determined by the use of Tween 20,
which solubilizes lipid components (11.32). ALl viral activities are
lost in the presence of Tween 20. However, Sephadex 6-200 gel chroma-
tography of solubilized viral envelopes can separate the Tween 20 from
the glycoprotein and Llipid containing fractions. When the glycoprotein

and Lipid fractions are concentrated and allowed to re-associate, the



biological activities of HL and cell fusion are recovered.

Solubilized viral envelopes from [3H]-glucosamine Labe led
virions, when centrifuged to equilibrium in CsCl: resulted in a
single band of radioactivity and HA activity at a density of 1.26 g/cc.
No cell fusion or HL activity could be detected. When these purified
glycoproteins were mixed with known amounts of virus-derived lipid
material or phosphatidyLethanolaminey active HL and cell fusing
activities were restored (11). These authors concluded that the
source of the lipid component in the virus is not important since non-
viral phosphatidylethanolamine restored cell-fusing and HL activities.
Furthermore. Hall and Martin suggested that the lipid material may
function only to maintain the prdper structural alignment for the
glycoproteins in the virus envelope.

Hall and Martin (12) have further separated the measles
virus glycoproteins by sedimentation on linear sucrose gradients.
The two glycoproteins have a sedimentation value of 6 o 75 and 9S.
The larger glycoprotein (93) was found to be responsible for the HA
activity of measles virus. However: both glycoproteins and viral

lipids were necessary for HL activity.

C. Measles Virus Replication
Rapp (39) has studied the growth cycle of measles virus in
BSC-1 cells and found it similar to that of other paramyxoviruses.
In BSC-1 cells (a continuous line of African green monkey kidney

cells) infected with the virulent Edmoriston strain, peak titers
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(>105 plaque forming units/ml [PFU/ml1) of extracellular and cell-
associated virus\occurred 48 h post infection. Extracellar and cell-
associated virus quantities were comparable. With attenuated Schwartz
strain, extracellular virus titers (104 PFU/ml) were less than 5% of
the total yield. Nakai et al. (29) also observed a slow development
of CPE similar to that obtained with attenuated measles virus strains

4 bEU/mLY when BSC—1

as well as low titers of released measles virus (10
cells were inoculated with undiluted passage inoculum (multiplicity of
infection, moi = 0.01-1.0).

When actinomycin D (0.1 ug/ml) was incorporated into the fluid
medium, increased virus titers were observed over control cultures
(27). This increase in titer was suggested to result from the sup-
pression of interferon by the drug. This assumption was substantiated
indirectly when equal viral titers were demonstrated with or without
actinomycin D in Vero cells. Vero cells have been shown not to pro~
duce interferon (é). Another antibiotic: mitomycin €, has alsc been
shown to increase virus yields and to reduce the latent period of
measles virus in BSC~1 cells (40).

The cellular sites where measles virus components have been
observed (and thus interpreted as representing sites of viral replica-
tion) clearly depend on the viral inoculum. By electron microscopy.
Nakai et al. (29) observed that BSC-1 cells infected with measles
virus which had been serially passed undiluted contained primarily
intranuclear viral tubules. 1In addition., the lack of visible budding

from these infected cells was reflected in the low virus yields
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(10% PrU/mL). It appeared to these authors that the intranuclear
tubules were trapped within the nucleus and were unable to migrate to
the cytoplasmic membrane of the cell where release of the virus by
budding occurred. When BSC-1 cells were infected with measles virus
groun by dilute passage (moi 0.01-1.0), the tubules were found pre-
dominantly in the cytoplasm, there was extensive budding, and the
titers of released virus were high (107 PFU/ml). These cytoplasmic
tubules were hypothesized to have a greater probability of alignment
beneath the cell surface and subsequently becoming infectious measlies
virions. Furthermore, Chiarini and Norrby (4) have reported the
presence of two different sizes of nucleocapsids in measles virus in-
fected cells. When W-106 (human lung) cells infected with measles
virus which had been passed undiluted were observed by electron micro-
scopy. they were found to contain intranuclear nucleccapsids which
were 16 to 19 nm and cytoplasmic tubules of 26 to 28 nm in diameter.
Several viruses isolated from biopsied material of patients with sub-
acute sclerosing panencephalitis (SSPE). referred to as S$SSPE viruses,
have also been shown to produce both “smooth” (14-18 nm) and “rough”
(20-35 nm) nucleocepsids (34). The sionificance of these two dif-~
ferent sizes of nucleocapsids in measles virus as well as SSPE virus
stocks is unknown.

Portner and Bussell (36) used an RNA inhibitor, 6~ azauridine
and a protein synthesis inhibitor. cyclohexamider to study the repli-
cation of measles virus in AV=3 cells. The growth cycle of measles
virus in AV-3 cells was found to be similar to that for other pars-

myxoviruses but different in the length of the eclipse period. Since



12

viral RNA and protein synthesis, necessary for virus infectivity, were
first detectable between 5 and 8 h after infection and proceded mature
virion production by 10 to 12 h, the authors suggest that the Long
eclipse phase of measles virus: when compared to other paramyxoviruses,
could be due to a long maturation process and not tc the somewhat
slower RNA and protein synthesis of measles virus.

The finding that infected cells that have been irradiated or
treated with actinomycin D or mitomycin C are still able to support
measles virus replication suggests that there is no nuclear involve-
ment with measles virus replication (23,27,40). Schluederberg and co-
workers (2,3,46) could not detect RNA dependent RNA polymerase
activity in nuclei isolated from infected cells while an increase in
host RNA synthesis was observed. 1In addition. alpha-amanitin (10 g/
mi), a drug which binds to cellular RNA polymerase 1I. or cordycepin
(50 wa/ml) . an analogue of adenosine,'did not affect the production of
infectious virus (46) while actinomycin D (1.0 wg/ml). an inhibitor of
DNA to RNA transcriptions did reduce measles virus titers by 100-fold
compared to non-drug treated infected Vero cells. The decreased viral
titers were postulated to result from the actien of actinomycin D on
the viral replicative intermediate and not on nuclear functions @J.
It is still unclear: however, what functions: active or passiver can

be ascribed to the nucleus of a cell infected with measles virus,

D. Measles Virus Variants

In 1961, Odde et al. (33) reported two different types of

cytopathic effect (CPE) in Hela cells from the same initial stock of
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measles virus. The "strand-forming” CPE was noted after undiluted
passage of virus inoculum (10° Line or UP'virus stock)s while the’
"giant cell” CPE formed after diluted passage (1072 Line or DP virus
stock). Virus stocks from strand—forming cultures re-acquired the
gfant cell CPE upon diluted passage. The giant cell CPE could revert
to strand-forming CPE when 10“2 line virus stocks were passed un-
diluted. These types of CPE were also demonstrated in KB and primary
monkey kidney cells., Infectious virus titers were always 1 to 2 log1g
higher in 1072 line stocks than 10° Line virus stocks. The "giant
cell” variant induced early and rapid CPE, when compared to the “strand-
forming” variant. The “strand-forming” variant often initiated per-
sistent viral infecticns (33). oOnly the UP variant was found to
interfere with poliovirus replication. The ratio of plague formation
to tissue culture infective dose (TCIDg5y) revealed that the UP viral
stocks rarely formed plagues in Hela cells while causing cell destruc-
ticn in Hela cell roller tube cultures. The DP viral plaque assay
titers, on the other hand. always correlated with CPE. If UP virus
plagues were picked, virus stocks exhibited the giant cell type CPE.

The HA and HL activities of the UP and DP virus stocks were
also studied. Non-concentrated tissue culture fluid from cells
inoculated with UP virus demonstrated HA or HL titers from 1:32 to
1:128. No detectable HA or HL titers were found in similarly treated
culture fluids taken from cells infected with DP virus.

These authors postulated that an autointerference phenocmenon

as noted by Hsiung (17) or Johnson and Mclaren (18): or interfering
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factors (particles) present in high titers, were responsible for the
lack of plague formation by UP virus. As will be shown later, Hall

et al. (13) have demonstrated that slower sedimenting measles virus

particles, which are both defective and interfere with normal virus

feplication, are present in virus stocks which have been passed un-

diluted.

Seligman and Rapp (47) have alsc observed the strand—-forming
or spindle cell type of CPE with measles virus passaged in human
amnion or Hep-2 cells. Initially, giant cell CPE was present; however,
upon subsequent passage, the spindle cell formation CPE became pre-
dominant.

In 1970, Chiarini and Norrby (4) reported on the separation of
the DP and UP virus variants. Concentrated UP and DP virus fluids
centrifuged to equilibrium in CsCl resulted in peaks of infectivity
at 1.24 ard 1.25 g/ccs which demonstrated both HA and HL activity. 1In
addition. a second non-infectious peazk of HA and HL activity was found
only in the UP virus preparations at a density of 1.20 to 1.21 g/ec.
When examined by electron microscopy: most of these Lighter density
particles appeared to be empty envelopes. However: a similar 1.20 to
1.21 g/cc peak was observed after eguilibrium centrifugation of con-
centrated culture fluids from a persistent infection of LU-106 cells
(4). However, these lighter density particles contained some nucleo—
capsid material.

Electron micrographs of UP virus infected cells regularly

contained intranuclear nucleocapsid structures often to the extent
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that paracrystalline arrangements were seen (4). The DP virus in-
fected cells revealed mostly cytoplasmic ﬁucleocapsid structures with
little nuclear involvement. These cytoplasmic structures were described
as “filamentous” coiled structures with a Llarge diameter (27-35 nm) for
measles virus nucleocapsids. These filamentous ("rough”) nucleocap~
sids were found mostly in infected cells where intranuclear tubules
were absent. Therefore, the virus passage history affects the density
of the virion, the type of CPE, the relative titer of infectious
virus produced and the abjlity of the virus to establish a carrier
culture.

In addition, the virus passage history affects the synthesis
of viral RNA in infected cells. Parafonovich, Hammarskjold and Morrby
(35) determined the sedimentation characteristics of virus-specific RNA
synthesized in Vero cells infected with either the UP or DP measles
virus variants. Five days after infection. the DP variant infected
cells demonstrated maximal CPE while the UP infected cultures had only
minimal CPE. The [3H]-uridine lebeled RNA species extracted from DP
infected cells during this same time period sedimented at approximately
528, 32-34S8, and 16-20S. Virus-specific RNA isolated irom UP infected
cutturese 7 to 9 days after infection. was minimal 3n quantity and
could not be distinguished on the basis of sedimentation.

The RNA species isolated from cells infected with DP virus
were similar in sjze to previously published reports. With the Up
virus, this was the first time the correlation between the low level

of CPE and virus production was made with viral RNA synthesis. The
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authors offered the explanation that the decrease in RNA synthesis with
the UP virus may be a result of defective virus replication: a pattern
which was already noted with cells infected with influenza virus

stocks passed according to Von Magnus (35).

Schluederberg (45) has reported that measles virus péssaged
in diluted form contains RMA which has a sedimentation coefficient of
528 when compared to the 50S virion RNA of SV-5. In addition to the
52S RNA: smaller virion RNA species, referred to as "subgenomic”

(218, 28S and 35S): were found in a measles virus preparation after
three undiluted passages. These “subgenomic” RNA species isolated
from purified measles virions were found only in UP virus stocks.
Viral RNA of approximately the same sedimentation values was isolated
from cytoplasmic extracts of UP virus infected cells. It Was noted
that these virus—-specific RNA species, which had sedimentation values
similar to those isolated by Parfanovich et al. (35) from DP-virus
infected cells. appeared sequentially and accumulated at different
rates.

Hall et al. (13) demonstrated that measles virus: passed un=
diluted three (UP-3) or eight (UP-8) timess contained, in addition to
the normal sized measles virions. slow sedimentating particles which
contained subgenomic RNA species. These particles. separated by rate
zonal centrifugation on sucrose gradients, were non-infectious and
interfered with production of infectious virus (defective interfering
particles). These UP virus stocks demonstrated the same type of cellu~

lar destruction described earlier by 0Oddo et al, (33). one class of
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these lighter particles contained nucleocapsids that sedimented at
130~150s and con£ained only 185 RNA molecules. Wild-type measles
virus (DP) nucleocapsids, in comparison, sediment at 260-280S and
contain only 525 RNA molecules (10).

Kiley: Gray and Payne (20) also found shorter measles virus
nuc leocapsids from Vero cells infected with the Edmonston strain of
measles virus passed undiluted. 200S, 170S, and 110S nuc leocapsids
were isolated from cytoplasmic extracts of infected cells. The 200§
nuc leocapsids contained 50S RNA molecules of approximately 6.0 x 106
daltons. The 170S nucleocapsids were found only in small amounts and
were not characterized: while the 110S nucleocapsids contained 163
RNA molecules of 0.6 x 106 daltons.

These recent findings by Kiley et al. (20) and Hatl et al.
(13} demonstrate that a population of defective interfering particles
of measles virus have a smaller RNA molecule encased by the nucleocap-
sid protein. These defective interfering particles become more
prominent as measles virus stocks are passed undiluted. The effects
of these particles on wild-type measles virus replication and CPE were
noted early by 0ddo et al. (33), Rapp (49), and Norrby and co-workers

(4,31).

E. Measles Virus Persistent Infections
Rustigian was the first to report on a persistent infection of
measles virus (41). Since that time numerous studies concerned with

measles virus persistence have appeared in the literature. This
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review will attempt to describe the similarities and differences be-
tween measles virus persistent infections in vitro. It will be con-
cerned primarily with the establishment and maintenance of the per-
sistently infected cultures along with the characteristics of the
virus-cell interaction.

The establishment of measles virus persistence usually begins
with inoculation of a susceptible cell culture with the Edmonston
strain of wild-type measles virus (30,42). However, the attenuated
vaccine strains of measles virus have also been used to initiate
carrier cultures (19,21). A small number of cells survive the Llytic
infection and begin to multiply approximately one month after infec-
tion. These cells are then cultured and passed routinely. Measles
antibody is not required to initiate a persistent infection although
it has been incorporated into the liguid medium of measles infected
cultures possibly selecting for a highly cell-associated virus
variant (2,43). |

Little information has been reported on the precise nature of
the viral population used to initiate persistent infections. The
manner in which the virus is passaged. either undiluted or diluted
before infection. has just been recognized as being important. The
presence of defective interfering particles (DIP) in the viruc
inoculum has not been studied due to difficulties in their isolation.
Neither has the possible role of temberature—sensitive {ts) mutants
in establishing persistent infecticns been examined. These points

should be evaluated when latent infections are established in the
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future because of the recent reports from Hall et al. (13) on the
 presence of DIP in measles virus stocks and by Youngner and col leagues
(37,38) on the selection of ts mutants from wild-type stocks in their
persistent infections of NOV and VSV.

The cells used in measles virus persistent infections can vary
from primary chicken (51) or hamster (21) embrvo fibroblasts, to
diploid WI-38 cells (22), to continuous lines of Hela (26.,42), Hep-2
(9, LU-106 (30) and BGM (24) cells. Why certain cells are referred to
as "abortive hosts" which readily initiate carrier states while others
are so "permissive” that they are destroyed by the virus is unknown.
Other factors such as the temperature of incubation. the position in
the cell cycles and whether the cells are in suspension or monolayer
form may influence the establishment of persistence. More informaticn
is obviously needed to define the role of the host cell in the estab-
lishment and maintenance of measles virus persistence.

The characterization of viral properties in celis persistently
infected hzs bezen extensive. After the persistently infected cell
cultures have stabilized. the presence of viral components can be ch-
served by immuncfluorescence IF) or by hemadsorption (HAD). With
measles virus. only monkey erythrocytes can be used as an assgy for
the viral hemagglutinin glycoprotein. The percentage of cells which
were positive by HAD ranged between 1% in the BGM/MV cells (24) to
95% in the LU-106 persistent infection (30. By IF: 10-15% of the
chronically infected chicken embryo Tibroblasts (51) to 100% of the

persistently infected Hela cells (42) contzined measles virus antigens.
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Both nuclear and cytoplasmic fluorescence can be observed in certain
virus-cell systems (9.42).

When tested. persistently infected cell cultures replicated as
efficiently as uninfected confrol cells with a minimum of CPE visible
by light microscopy. Infected as well as uninfected cell clones
could be derived from parental cultures (26,42).

No significant levels of interferon or interferon-like
substances were produced from HelLa or LU-106 cells persistently in-
fected with measles virus (30,42). 1In contrast, by the use of a micro-
titer technique, Menna et al. (25) were able to detect 2 U/ml of inter-
feron from the culture fluid of the BGM/MV cell Lline.

Cells persistently infected with measles virus were not
resistant to superinfection with heterologous viruses. such as polio:
herpes simplex, vaccinia (42), VSV or mumps virus (25).  However,
homo logous interference could be demonstrated when measles virﬁs WEs
inoculated into persistently infected cell cultures (25,30,42). These
results indicated that autointerference was present in the persistently
infected cells which was not mediated by the action of the interferon.

Infectious center determinations performed by pleting per-
sistently infected cells on susceptible cell monolayers indicated thet
approximately 10% of the cells released infectious virus 21.28).

Both non-productive (24,43) and productive (26,30) persistent
measles virus infections have been reborted. Rustigian investigageﬁ
the effect of viral antibody on a persistent infection of Hela cells

by measles virus (43). Two sublines of persistently infected Hela
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cells were grown in the presence of human measles antisera. After 39
passaggss a non-productive state developed in these cells. No in-
fectious virus could be detected from culture fluids or cell homo~
genates when assayed in Hela cell cultures, although the effect of
temperature was not studied. There was, however. continued synthesis
of intracellular viral antigens detected by immunof luorescence. Menna
et al. (25) have also described a non-productive persistent infection
of an African green monkey kidney cell line, BGM cells, with mouse
adapted measles virus (Edmonston strain). These cells, referred to
as the BGM/MV cell line, ceased production of infectious virus 20 days
after establishment. Subsequent BGM/MV cell lysates were also negative
for infectious measles virus while 100% of the cells demonstrated
intracytoplasmic measles virus antigens by immunof luorescence. Ultra-
viclet irradiation, incubation at 30 ¢ for 36 hs or co-cultivation of
EGM/MV cells with BEM cells failed to induce the preduction of
infectious virus. Plague assays for infectious measles virus wers
performed on BGM monolayers grown at 36 C. |

The virus released frop persistently infected cell systems has
been compared in most cases to the virus used to initiate the per-
sistence. HA and complement fixation (CF) tests performed directly on
cell fluids from persistently infected cultures were negative .(25,42)
while cultures infected with wild-type measles virus demonstrated 80-
320 HA units and 10 CF units (42}. HA and CF as well as KL activity
could be demonstrated when cell culture fluids from chronically

infected cells were concentrated 10-fold by polyethylene glycol (30,
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The virus obtained from the HelLa cell persistent infections
demonstrated min%mat CPE when inoculated into Hela cells (26,42). 1In
fact, a carrier culture could readily be established from the virus
taken from Minagawa's HeLa/MV cell line (26). 1In all cases, the
chronically carried virus titers (both extracellular and cell-
associated) were between 101 to 105—fotd lower than those observed for
the same number of cells infected with wild=type measles virus (30,32).
When the growth cycle of wild-type measles virus was compared to per-
sistently infected virus. a significantly slower rate of virus pro-
duction was obtained for the virus produced from the persistence in
either Hela or Vero cells; however again. the effect of temperature
was not studied. The decrease in the growth rate of the virus from
persistently infected cells was not due to thermolability since the
rate ¢f heat inactivation was similar when compared to witld-type
measles virus (26).

Measles virus produced from several persistently infected cell
Lines has been shown to be temperature sensitive (9,15.30). When the
LU 106 carrier cells were incubated at 33 € a significant increase in
CPE, HA activity, and virus production was observed ovar carrier cul-
tures maintained at 37 C. A latent infection of hamster embryo fibro-
blasts by measles virus produced 1 infectious virus per 20,000 cells
when incubated at 37 €. Virus production was increased to 1 infec— -
tious virus per 200 cells when the cells were maintained at 33 ¢,
while no infectious virus was released when cells were grown at 39 C
(21). Haspel et al. (15) confirmed that the virus.obtained from

these latently infected hamster fibroblasts was temperature -
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sensitive. Gould and Linton (9) have also demonstrated the presence
of a temperature sensitive virus in their measles virus persistence
of Hep-2 cells.

The comparison of virion RNA from wild-type measles virus to
the virus taken from persistently infected cells has not been per-
formed. However. Winston, Rustigian and Bratt (50) extended the
earlier work of Rustigian to include an analysis of the virus—-specific
RNA synthesized in persistently infected cells. A clone of per-
sistently infected cells (K11) and a subclone grown in the presence of
measles antisera (K11-HG-1) both contained the RNA species (50S, 30 to
355, and 18S) found in the Llytic infection of measles virus (Edmonston
strain) in HelLa cells. This finding is unusual in that the subclone
K11-HG-1 produces no infectious virus but still synthesizes the major
50S virion RNA species. Two otﬁer subclones, a virus producing sub-
clone (K11-VP-1) and a non-productive subclone (K11-VF-1) were compared
to the K11 clone and to a wild-type infected culture. The intra-
cellular virus specific RNA for the productive subclone (K19-VP-1) was
similar to both those of the K11 clone and cells infected with wild-
type virus, while the RHA isolated from the non-productive subclone
was similar to that of uninfected Hela cells. Three times more virus—
specific RNA was isolated from HeLa cells infected with wild-type
measles virus than obtained from persistently infected cell cultures
although the sedimentation patterns were similar. From these results
the authors concluded that no additional information was obtained

concerning the measles virus persistence in HelLa cells.
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It is our hope that we can characterize the virus produced in
the persistentlytinfected Hela cells and try to correlate our
findings to the viruses isolated from chronic human disease, Like
SSPE, where a variant of measles virus is suspected of being the

etiological agent.
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Abstract

A persistent infection with the Edmonston strain of measles virus
was established in Hela cells in the absence of measles virus antibody
(Helapy cells). Between 80 and 100% of the cells possessed measles
virus components as detected by hemadsorption or immunoflucrescence.
HeLaPI cells produced no interferon and were resistant to super-
infection with wild-type measles virus (MV,) but not to Mewcastle
disease virus and vesicular stomatitis virus. Helap; cells contained
both smooth (15-18 nm) and rough (20-35 nm) nuc leocapsids. Infected
as well as uninfected cells could be cloned from the parental Helap;
cell culture. The virus produced from the Helapy cells (MVpy) varied
in titer between 1.5 x 102 and 5.5 x 10% PEU/ml, had a smaller plaque
size and was more heat resistant than MVs. The eclipse arnd latent
periods were longer for MVpy compared to MV5+ however both the re-
leased and the cell-associated viral titers were approximately the

safe.
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Introduction

Rustigian (20) and Minagawa (14) demonstrated that persistent
infections of Hela cells could be established with measles virus. The
virus isolated from the persistently infected cells differed from the
wild-type measles virus used to initiate the persistence by the lack
of cytopathic effect (CPE) for Hela cells and by the low viral titers
produced from infected HelLa or Vero cells (14,20).

A persistent infection of Hela cells was established with the
Edmonston strain of measles virus. This report describes the es—
tablishment of the persistence, the biological properties of the virus
associated with the infected HeLa cells and a comparison cf the growth

curve, heat inactivation and placue size between MYy and MVpr.
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Materials and Methods

Cells. BSC-1 and Vero cells: both continuous lines of African
green monkey kidney cells, as well as Hela cells: were cultured in
Eagle's minimal essential medium (MEM) with 10% heat inactivated
(56 ¢ for 30 min) fetal calf serum (FCS) and sodium bicarbonate (1.0
g/. ALl media contained 100 U/ml penicillin and 100 1g/ml strepto-
mycin. Cell cultures were incubated at 37 C unless otherwise indi-
cated. Once monolayers were confluent, or after virus infection: the
cells were maintained in the above media with 2% FCS. cCell cultures
were screened for mycoplasma contamination as described by Hayflick

and Stanbridee (8),

Virus. The Edmonston strain of measles virus (MVy) was obtained
from the American Type Culture Collection (Rockville, Md.). Virus
stocks were prepared in Vero cells by adsorbing diluted (10-2) pacsage
material for 2 h at 33 C. When infected cells showed maximal cyto-
pathic effect (CPE), cultures were frozen and thawed twice, centrifgged
at 10,000 x g for 30 min to removecellular debris, and stored at =0 €:
The measles virus stock used to establish the persistence had been
passed two times at a multiplicity of infection (moi) of less than

0.01 in BSC-1 cells before infection in HelLa cells.
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Hemagglutination (HA) and complement fixation (CF) assays. Serial

two-fold dilutions of viral suspensions ih phosphate-buffered saline
(PBS: 0.01 M phosphate. PH 7.2) were made in 0.2 ml volumes. Each
tube then received an equal volume of a 1% suspension of washed Rhesus
monkey erythrocytes. The results were determined after incubation at
37 C for 30-45 min. The HA titer was expressed as the reciprocal of
the highest dilution which demonstrated complete hemagglutination.
Measles virus HA antigen obtained from g commercial source (Flow Lab,
Rockvilles Md.) served as a positive control. A CF microtiter tech-
nique was kindly performed by E. de Zubizeratta as described in detail

elsewhere (1:24).

Hemadsorption. Hemadsorption (HAD) assays were performed accord-

ing to Rustigian (20). Suspensions of infected cells were mixed with
washed Rhesus monkey erythrocytes to give a red blood cell to Hela

cell ratio of approximately 50. The cell mixtures were then incubated

at 37 C for 30 min, centrifuged at 200 x g for 5 min., and resuspended.
The percentage of infected cells was determined after observation of

at least 200 cells in a hemocytometer by Light microscopy. Helapy

cells were considered positive for HAD when three or more monkey erythro-
Cytes were observed to be attached to a cell,

Hemadsorption was also performed on cell monolayers. The medium
was removed, the cells rinsed two times with PBS and a 1% suspension
of Rhesus monkey erythrocytes was added. The cultures were incubated
at 37 € for 30 min, rinsed thoroughly and observed. Uninfected cell

monolayers served as controls.



35

Infectivity titrations. A plague assay previously described for

measles virus (7) was employed with modifications. Vero cells were
grown in 60 mm plastic petri dishes at 37 € in an atmosphere of 5%
CO,. Confluent monolayers were rinsed with warm PBS and inoculated
Hith 0.5 ml of virus dilution made in MEM plus 2% FCS. After adsorp-
tion at 33 C for 2 h, 7 ml of nutrient agar solution was added to
‘give a final concentration of 10% FCS, 1% agar, and 0.23% sodium bi—
carbonate. The plates were incubated for 7 days in the presence of 5%
€O, after which 3 ml of a 1:30 dilution of neutral red in PBS from a
1:300 dilution stock (Gibco, Santa Clarar Calif.) was added. The
plague forming units/ml (PFU/ml) were determined after 8-10 days.
Alternatively, tissue culture infective doses (TCID50) assays
were performed in serial ten-fold dilutions. Five roller tubes of
BSC-1 or Vero cells ger dilution‘were inoculated with 0.2 ml of the
virus suspensions and observed daily for CPE. Titers were calculated

10 days after infection by the Reed and Muench method.

Cell viability determination. Cells were diluted 1:2 into a

C.5% trypan blue solution in PBS. Cells which excluded the trypan

blue were considered viable.

Cell generation time determination. The cell generation time of

Hela and Helapy cells was determined at 37 C. 2-oz. glass bottles
were seeded with 1 x 106 viable Hela or HeLapI cells. The cells were

cultured in MEM plus 10% FCS. At each time interval, 2 bottles of Hela
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or Helap; cells were rinsed with PBS and trypsinized from the bottle.
The cells from two bottles were combined, diluted in 0.5% trypan blue
solution and counted in a hemocytometer. The viability for both Hela

and Helapy cells after trypsinization was greater than 99%.

Infectious center assay. To determine what percentage of Helapg

~cells were releasing infectious virus, Helapy cells were rinsed three
times with PBS and removed from the flasks by scraping with a rubber
policeman: pelleted by centrifugation, rinsed, re~centrifuged, and
plated on Vero cell monolayers. This procedure had been used by
Knight et al. (10) and Thacore ard Youngner (22) in assays of per-
sistent infections. As noted by Rustigian (20), scraping resulted in
poor Hets cell viability during routine passgages so trypsinization
with an alkaline trypsin (0.05%).versene (ATV) soluiion was usaed to
remove the cells for infectious center determination. Hela and Helap;
cells scraped from monclayer cultures were between 60 to 80% viable
while cells that were trypsinized were greater than 99%. The procedure
employed after passage 64 (P64) was according to Crowell and Syverton
657 Helapy cell monolayers were rinsed three times with PRS and
trypsinized or rinsed three times with PBS and allowed to incubate
with human measles convalescent antisera for 30 min at 37 C. rinsed
three times again with PBS and then trypsinized from the monolayer.
After trypsinization. the cells were djluted ahd plated on Vero cell
monolayers. After 1 h at 33 € to allow attachment of Helapy cells,

the plates were overlaid with nutrient agar mixture as described above
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for the plaque assay. The percentage of cells that attached was not
determined. Extracellular virus released after the scraping procedure
varied from 150 PFU/ml for 4.5 x 10° HeLaPI cells to 9,300 PFU/mL for
1 x 107 HeLapI cells. This number was subtracted from plagues pro-
duced by each cell suspension. The addition of the measles antisera
neutralized this extracellular virus. Since the release of virus from
Helap, cells during the incubation period could not be prevented: the

numbers given for infectious centers were considered to be the

max imum.

Thermal inactivation. Viral samples were diluted 1:10 in PBS

and submerged in a water bath at 42 C or 50 C. At the indicated times:
an aliguot was removed and placed on ice until all the samples could
be assayed by plague formaticn in Vero cells. Protein determinations

were performed by the method of Lowry (11).

Growth curve of MV, and MVpy in Vero cells. Roller tube cell

cultures of Vero cells were infectéd with MV, or MVpp at an input mofi
of 0.05. After virus adsorption. the cells were rinsed three times
with PBS and maintenance media added. At indicated intervals, extra-
cellular fluid was harvested and assayed for released virus. After
the cells were rinsed three times with PBS: cell-associated virus was
harvested after two cycles of freezing at -70 C and thawing.
Infectivity assays were performed in Vero cells at 37 € with four

plates per dilution.



Cetl clones. S8

The passage of cell clones designated MJ, EE, and RZ was per-
formed with ATV salution. Approximately 102—103 cloned cells from
microtiter tissue culture plates (96 flat bottom wells, Falcon
Plastics, Oxnard, Calif.) were transferred to 60 mm petri dishes
which contained approximately 3 x 106 cells at confluency. This was
designated as P1 to P2. After P2, the cell clones were subcultured

from 1-60 mm petri dish to 4 or 5 new dishes.

Interferon assay. Supernatant culture fluids or clarified cell

lysates from infected monolayers were assayed for interferon by the
plague reduction method using vesicular stomatitis virus (Vsv) (6,
Samples to be assayed were dialyzed for 48 h at 4 C against glycine
buffer (pR 2.0). The fluids were then neutralized and centrifuged
three times at 105.000 x g in a Spinco fixed angle 30 rotor for 1 h

or continuously for 14 h. 1In certain experiments, fluids were har—
vested and treated with guinea pig anti-measles virus antisera and
then centrifuged. Infectious measles virus was not detected in either
preparation. Half-log dilutions of treated fluids were incubated with
Hela cells or U cells (a continuous line of human amnion cells) in
plastic 60 mm petri dishes (3 ml/dish) for 18 h in a 5% €O, incubator
at 37 C. After incubation, the cells were washed twice with PBS and
challenged with approximately 50 PFU of VSV per dish. Plagues were
counted after 48 h. The endpoint of the assay was taken as the
reciprocal of the dilution calculated to give a 50% reduction in

plaque number. Human interferon samples obtained from T. Merigan
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(Stanford University) served as positive controls. The lower Limit of

detection by this assay was estimated to be 10 U/ml.

Immunofluorescence (IF). Coverslip cell cultures were rinsed with

PBS and fixed with 95% methanol for 5 min at room temperature. The
coverslips were rinsed again and covered with human subacu?e sclerosing
panencephalitis (SSPE) serum at a 1:100 dilution (HI titer, 1:1024)
kindly supplied by D.A. Fuccillo (NINDS). After 1 h at 37 ¢, the
cells were rinsed with PBS and stained with a 1¢20 dilution of sheep
anti-~human globulin conjugated to fluorescein isothiocyanate (Sylvana
Co.r Milburn. New Jersey) for 1 h at 37 C. The coverslips were then
counterstained with Evans blue (0.06%) for 5 min at room temperature,
rinsed thoroughly, mourited and observed with a Zejss microscope
(Reichert illuninator). Photomicrographs were taken on Kodak high
speed Ektachrome film (ASA 160} with an exposure time of 2-3 min.

The specificity of this reaction was determined by a series of
control experiments (12). Positive fluorescence was not detected when
SSPE serum was rescted with uninfected Hels cells, uninfected WI-38
cells, uninfected BHK~21 cells: BHK-21 cells infected with mumps virus
(23)s and Hela cells infected with Newcastle disease virus (HDV).
Fluorescence was not removed after adsorption of SSPE serum with un—
infected Hela cells, uninfected WI-38 cells, uninfected BHK-21 cells,
or BHK-21 cells infected with mumps virus. The fluorescence was re-
moved by adsorption with Helapy cells or after extensive absorption

with a concentrated measles virus preparation grown in Hela cells or
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primary African green monkey kidney cells. Additionally. positive
fluorescence was observed when SSPE serum was reacted with WI-38 cells
infected with measles virus or with a carrier SSPE cell line obtained
from J. Evermann (4). Fluorescence was not observed when only the

conjugate was added te uninfected or persistently infected Hela cells.

Electron microscopy. Cell monolayer cultures were rinsed twice

with PBS and fixed in situ for 1 h at room temperature with 1.4%

glutaraldehyde and 1.5% formaldehyde in PBS. The cells were removed
mechanically from the flask with a rubber policeman and bentrifuged

at 400 x g for 15 min at 4 €. The pellet was resuspended in PBS and
centrifuged again. The washed cells were post-fixed in 1% (u/v)
osmium tetroxide in PBS for 1 h at room temperature. The cells were
then washed twice in PBS before dehydration in & graded series of
ethanol (75-95%). Following dehydration, the cells were embedded in
Epon 872, which was allowed to polymerize overnight at 60 C. Sections
were cut and examined with a Philips EM-200 electron microscope. (The
electron microscopic studies were performed in collaboration with R.

Brooks of the Department of Patholcgy. UOHKSC).

Homologous interference challenge of Helapy cell culturss with

MVg. tMonolayer cultures of Hela and Helapy cells, P35, were grown to
confluency in roller tubes. At confluency. each roller tube culture
was infected with MV, at a moi of 0.01, allowed to adsorb for 2 h at
33 € in 0.2 ml, rinsed two times with PBS after which 2 ml of mainten-

ance media were added. After 48 h, the supernatants from duplicate
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cultures were pooled and centrifuged to remove cell debris. Culture
fluids were assayed by endpoint method in BSC-1 cells prior to the

development of the Vero cell plague assay.

Heterologous interference of Helapr cultures with Newcastle

disease virus and vesicular stomatitis virus. Hela and Helapy cell

cultures were grown in 60 mm petri dishes (2.5-3.0 x 106 cells). At
confluency the cells were infected with NDV or VSV at a moi of 0.1 or
0.01. After a 1 h adsorption at 37 C, the cells were rinsed thoroughly
with PBS and maintenance media was added and incubated at 37 € in the
presence of 5% COp for 24 h. The supcrnatant fluids were collected
and the celiuler debris removed by low speed centrifugation. The
virus samples were stored at -70 C and assayed by plague formation in
chicken enbryo fibroblast monolayers (6). In a second group of chal-
lenge experiments with NDV only. Hela and Helapy cells grown in
plastic trays (Flow Lab. Rockville, Md.) containing 24 wells of 16 mm
in diameter (6.0-7.0 x 10% cells/uell were infected at moi's of 4. 1,
0.1, ard 0.01. After 24 h at 37 €. cell cultures were frozen snd

thawed twice before plaque forming units per ml were determined.
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Results

Establishment and initial characterization of the HeLapy cell

cuttures. The establishment of this persistent infection was performed
in the absence of measles virus antibody by inoculation of measles
virus (Edmonston strain) onto Hela cell monolayer cultures (moi 0.01).
Multinuc leated giant cells as well as spindle-type CPE were observed
through the first 14 days post infection. By 35 days most of the cells
in the culture had been destroyed. Cells which survived and grew into
a monolayer were termed Helapy cells. At 37 C. Helapy cells were
shown to have the same generation time of 23 h aé uninfected Hela cells
determined by cell counts. Helapy cells stained with hematoxylin and
eosin had the sawme epitheloid morphology as uninfected Kela celle
except for the cccasional presence of a multinuclested giant cell. Az
previously described (20), the 0.25% trypsin or alikaline-trypsin-
versene solution used to passage Helapy cells did not affect the per—
centage of cells that hemadsorbed or altered the titer of released
infectious virus.

Between P3 znd F7; HeLapy cell suspensions demonstrated that 80-
90% of the cells were HAD positive (Table 1). When HAD was measured
on HeLaPI cell monolayer cultures, the fraction of hemadsorbind calls
increased to 100%. This HAD could be blocked by treatment with guinea
pig anti-measles virus antisera but not with normal guinea pig serum.
Immunofluorescence of Helapy cultures between P25 and P28 revealed that

virtually every cell had measles virus antigens. An average of 30% of
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the HeLapy cells from P25 to P28 demonstrated cytoplasmic fluores-
cence exclusively while 10% stained only in the nucleus. Approximate-
ly 60% of the infected cells showed both cytoplasmic and nuclear
fluorescence (Fig. 1). The reason for the different cellular locations

of fluorescence is unknown at this time.

Challenge of Hela and Helapy cell cultures with exogenous

viruses. To determine if Helapy cell cultures were resistant to homo-
logous viral challenge, a property of a regulated type of persistent
infection (25), MVo was superinfected into Helapy cell cultures (P5)
and uninfected Hela cell controls. After 48 h, cell culture fluids
were harvested and assayed. The results are given in Table 2. Wild-
type measles virus replicated efficiently in Hela cells. Howevers
there was no increase in the usual titer of virus reteaséd from Helapy
cells. In addition, no CPE was observed in Helapy cell cultures

while approximately 50% of the Hela cell monolayer was destroyed. The
virus obtained after MVo challenge of Helapy cells was not further
analyzed.

Persistent infections of measles virus have been reported not to
inhibit the replication of excgenous viruses such as vaccinia or polio-
virus (20). Helapy cells were challenged with VSV, a rhabdovirus; and
NDV., a fowl paramyxovirus. The results (Table 3) indicate that MDV and
VSV replicate efficiently in Helapr cells at a moi qf 0.1 or 0.01. 1In
the second group of experiments with NDV in which the cell cultures

were frozen and thawed to release cell-associated virus, the virus
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titers from Helap; cells were slightly higher than those for control
Hela cells. The absence of detectable levels of interferon in Helap
cells could explain these observations. However. thase findings
indicate that heterologous viral replication does take plate in Helapj
cells but that release of the virus is slightly inhibited. possibly
at the cytoplasmic membrane and that by freezing ard thawing of the
infected cells results in the release of this virus. 1In this regard,
similar results were obtained by Menna et al. (13) using a persistent

infection of measles virus/BGM cells.

Interferon production in Helapy cells. Interferon has been re-

ported to be involved in the maintenance of certain persistent viral
infections in vitro (9,22). Persistent infections established with
measles virus have not been studied Tor the presence of interferon by
standardized procedures. By the plague reduction method employing
V3V as the challenge virus, no detectable levels of interferon wore
found when Helapy cell fluids or cell lysates vere assayed betuesn P3
and PY. In additions no interferon was found when culture fluids
were assayed 2, 4« 9. or 14 deys after subculiuring. These rosults

suggest that viral persistence inthis system is not meintained oy

the wction of interfercon.

Electron microgrephs of Helap; cells. Helapp cells (P21-P25)

were exemined for the presence of measles virus components by electron

microscopy. Helapr cells revealed budding virus particles and the
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presence of two different sizes of nucleocapsids observed previously
in SSPE virus infected cells (16). The shooth nucleocapsids measured
approximately 15 to 18 nm in diameter while the rough nucleccapsids
measured approximately 20 to 35 nm in diameter. Of the Helapy cells
examined both the smooth and rough nucleocapsids were found in 20% of
the cells at the same time:. the smooth tubules being located only in
the nucleus while the rough filaments appeared only in the cytoplasm.
in the other cell preparations obhserved:. 60% contained only rough
cytoplasmic nucleocapsids: while the remaining 20% had only smooth
intranuclear tubules. The smooth nucleocapsids were freguently ob-
served in a paracrystalline alignment within the nucleus of Helepy
celts (Fig. 2).

cells

infectious center assay. To aporoximete the number of Hepaps

-

that released infectious virus, serial ten-fold dilutions of Helspy
cells scraped from monolaver cultures uezre plated on VYero cell mono-
lavers ard overlaid with agar as described for the placus assay.
Neutral red was added after seven days and placues courted. The re-
sults of five separate experiments with P20 and three assays with Pé4
Helepy cells revealed that one in eight to one in sixteen Helapy cells
formed a plague in Vero cells (Teble 4). However. when Helapp cells
(P70 and PY5) were trypsinized from cell monelayer cultures, the per—
centages of infecticus centers increased to approximstely 50%. This
increase in the number of plague fTorming cells could be explained in

part by a decrease in cell clumps or by an increase in Hela cell
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viability due to the trypsinization procedure (19).

Helapy cell clones. After P20, Helapy cells were plated at

Limiting dilutions to establish cloned cell lines. Seven of nine cell
clones established were positive for HAD. Three selected clonal lines
(MJ, EE and RZ), which were greater than 95% HAD positive at P1. were
analyzed for measles virus components by IF., for released virus., and
for infectious centers (Table 5). After initially demonstrating
greater than 95% HAD. these viral properties were not detected in
clonal lines RZ and MJ after P2 and P7 respectively. ALl uninfected
cell lines were susceptible to wild~type measles virus infection.
After PG clonal line EE resembled the parental Helapy cell culture,
when titered for infectious virus, the percentage of cells carrying
measles virus antigens or infectious center determination. The dis—
appearance of the viral antigens in clones MJ and RZ, detected by HAD
or IF. could be explained by non-replicating viral components which

were diluted with continued cell replicastion. Other interpretations

Propertiss of the virus (MVp3) isolated from Helapr cell cultures.

Helapy cell fluids and lysastes were assayed routinely for the presence
T infectious virus by plague assay in Vero cells. The viral titers
ranged between 1.5 x 10 and 5.5 x 10% PFU/ml. The ratio of released

or cell-associated virus per Helapy cell for @ 24 h period ranged

between 1 to 5 virions per 10 cells for released virus and 1 to 7
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virions for cell-associated viruses (Table 6). Because of the Low
viral titers no correlation could be established between measles virus
production and rapidly proliferating cell cultures as has been shown
for the hamster embryo fibroblast-measles virus system (7).

Measles virus HA or CF assays performed on HeLaPI cell fluids
were below detectable levels (20). MVpy does not cause extensive CPE
in Hela cells when monitored by Light microscopy. 1In fact, MVp1
readily establishes a persistent infection in Hela cells at a moi of
0.2 with less than 10% of the cells showing CPE. Similar results have
been reported by Minagawa (14). However: cell destruction is observed
in Vero cells with MVpp. This CPE can be blocked by prior treatment of
MVpy with guines pig anti-MV, antisera.

MVy and M¥pr differ in plaque size on Vero cell morclavers in-
cubatey ot 37 . Wild-type measles virus plaques, 8 days after infec~
tion: measure 2.0 wm or larger in diameters while MVpy plaques nmeasure
1.0 mm or less in diameter. This difference in plaque size can clearly
be seen in Figure 3.

MY end MVp1 virus stocks were compared for the ability to resist
thermal inactivation at 42 and 50 C. The results of three szparate
experiments at 42 C are given in Teble 7. After 60 min at 42 C. MVp1
retained 66, 60 and 37% of its initial infectivity, compared te 2, 7,
and 0.8% of MV, survival. At 50 C for 15 min, the titer of Vo
decreased more than 100-fold while tﬁe MVpr titer dropped less than
10-fold (Table 8). cClearly MVp; is more resistant to hest inactivation

at 42 or 50 C than MV,. This difference is not due to viral
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aggregates since jn the second experiment Helap; cell fluid was taken
directly from cell cultures and subjected to 42 C. Sonication was

also employed in the third experiments to both MV, and MVpp to mini-
mize viral clumps. No significant differences in protein concentration
could be detected between MVy, and MVpy (third experiment) by Lowry
determination. This finding is not surprising since a heat resistant
variant of VSV has been reported by Petric and Preuc (18). A group of
temperature sensitive mutants of measles virus have also been shouwn

to be more heat stable than wild-type measles virus (B. Fields,

personal communication).

e

Replication of MV, and FVpr in Vero cell monolayer cultures. The

growth curve of MV¥g and MVpy in Yero cell cultures is shown in Figure &.
At 37 C. ceLi—asscciétﬁd virus wes initially detected in MV, infected
cultures 18 h after infection and 24 h after infection for MVpl. Mo
was Tirst released into the medium between 18 and 24 h post infection
while released MVpy was observed betueen 24 and 26 h. Upen release,
both MVy and MVpp titers increased et similar rates; however the maxi-
mum released MVg titer (96 h) was spproximately 100-fold greater than
for MVpy. Both MVy and MVpy cell-associated titers were approximately
equal. After 48 h of infection, approximately 50% of the MYy infected
cell monclayer demonstrated CPE while only 10-20% CPE was observed in
Mvpr infected cell cultures. Vero cells infected with MVpy released
approximately 103 PFUW/ml 7 days after infection, while MV, viral

titers dropped after 5 days.
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Discussion

The Helap; cell line was established by inoculation of wild-type
measles virus into Hela cell monolayers. Measles virus CPE was ob-
served 3 days after infection and lasted for 35 days. The cells which
repopulated the bottle were morphologically similar and had the same
generation time as uninfected Hela cells. These Helap; cells have
been maintained in this laboratory since February 1973.

After P15, Helapy cell monolayers revealed that essentially every
cell contained the viral hemagglutinating glycoprotein as detected by
HAD of Rhesus monkey erythrocytes. Measles virus antigens were
loceted in either the cytoplasms nucleus or both of Helapy cells by IF.

In a persistent infection of L cells with NDV. 10-30 units of
interferon were continually produced (22). This interferon blocked
the replication of VSV when superinfected. In contrast, ne inter-
feron was detected in the Helapy cell system. Helap; cells were
capeble of being superinfected and permitted NDV and VSV to replicate
efficiently. However. when challenged with wild-type measles virus.
the viral titer did not increase sbove background levels. The
mechanism of this homologous interference is not known but may involve
blockage of receptor sites on cells by viral glycoproteins as sug-
gested by Palma and Huang (17).

Electron microscopic studies revealed the presence of two dis—
tinct sizes of nucleocapsids. The "smooth” filaments (15 to 18 nm)

were observed only in the nucleus of HeLaPI cells. The larger “"rough"
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tubules (20-35 nm) were located exclusively in the cytoplasm. These
larger nucleocapsids could be observed beneath the cytoplasmic membrane
of infected cells and in membranous particles adjacent to the cell
surface. Hela cells infected with measles virus have been shown to
contain intranuclear tubules 96 h to 120 h after infection (15).
However. the formation of extremety large nuclear inclusions comprised
of smooth nucleocapsids appears to be characteristic of SSPE viruses,
but not measles virus {16). If this observation can be confirmed and
extended to include other SSPE virus isolates, then the large quanti-
ties of nucleocapsids found in the nuclei of Helapy cells might
indicate that a virus subpopulation similar to SSPE was selected from
the wild-typs measles virus during the persistence.

From & to 13% of the Helapy cetls release intectious virus when
scraped from the cell menolaver. Howsver, when brief treatment with
trypsin was emploved. the fraction of Helapy cells which formed a
plague increased to approximately 50%. The reason for these differ-
ences when trypsinization was used could be explained by an increase
in cell viability or by release of infectious virus during the incubs-
tion period caused by the enzymetic activity on the membrane of
infected cells. Considering this veriability., these results were
interpreted to mean that not all of the HeLaPI cells were releasing
infectious virus.

Rustigian (20) hss reported that a persistently infected clonal
cell line derived from parental cultures decreased in the number of

infected cells from 77% HAD positive to less than 0.1% after 29
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passages. After 19 subcultures another cloned cell culture increased
from 104 HAD positive to 61%. Similar results were obtained with the
Helapy cell system. MJ and RZ cloned cell cultures decreased in the
percentage of infected cells while cell clone EE, after P66, had
identical viral properties to the parental cultures. These findings
suggest that the persistence of infection in cloned cell Llines is
variable and that defective virus or cellular regulation could alter
the synthesis of measles virus components.

MVpy was released from Helapy cells in low titers (1 to 5 PFU/10
cells) while approximately the same quantity of virus was cell-
associated (1 to 7 PFU/10 cells). Wild-type measles virus infection
of Hep-2 cells has been reported to produce between 8 and 15 infectious
virions per cell (3).

MVpr causes less CPE when inoculated into Hela cells than MV, and
could readily establish a persistent infection. When MVpy from Helapg
celi cultures was assayed in Vero cell monolayers., it was observed
that after 8 days the plaques were all 1 mm or less in diameter. This
was in marked contrast to the plaque size (2 mm or larger in diameter)
of wild-type MVy.

Heat inactivation was performed to determine if any virion
structural differences could be detected between MV, and MVpi.
Thermolability was determined by the loss of infectivity during the
incubation of virus samples at 42 or 50 €. The results of three
separate experiments at 42 C and one at 50 C clearly show that MVpp is

more resistant to thermal inactivation than MV, -
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The growth pattern of MV0 and MVp; in Vero cells revealed that
MVpr replicated slower than MVy and produced lower viral yields. In
contrast to the chronically infected measles virus hamster fibfoblast
system (7) where a block of infectious virus production occurred at a
late stage of maturation, both MVp; released and cell-associated viral
titers were comparable suggesting that release was not inhibited at
the cell membrane.

These results indicate that additional differences exist between
MVo and MVpjy than those described by Rustigian (20) and Minagawa (14).
It appears that these differences in the MVpp population result from
the Helapy cell persistence which was initiated with wild-type MV, .
The mechanism of selecticn of MYpy by the persistent infection remains
unknown but appsars to select for a virus which could be similar to
the viruses isolated ftrom SSPE patients. The possible role of CHA
intermediates (2 or temberature sensitive mutants of measles virus

(7} in this regard is currently under investigation.
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Table 1

The percentage of Helapy cells demonstrating measles virus components
as detected by hemadsorption (HAD) or immunoflucrescence (IF).

Helapy cells % positive cells % positive cells
passage no. by HAD by IF
38 88 N.D.D
4 83 "
5 85
6 80
7 91
10 86
11 92
12 80
13 88
14 88
15¢% 100
20 100 N
25 100 100
26 100 ' 100
27 100 100
28 100 ' 100
30 100 ‘ 100
40 100 100
50 100 100

@ HaD performed on cell suspensions between passages 3-14,
b n.D. = not determined.

C HAD performed on monolayer cultures from passages 15-50.
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Table 2

Challenge of Hela and Helap; cells with wild-type measles virus

Virus Cells Titer of virus yield?®
MVO Hela 103'5
1.5
MV, Helap; 10
5
MNone Helap; 101

a TC1030/0.2 ml assayed as described in Materials and Methods,
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Tabkle 3

Challenge of Hela and Helapy cells with Newcastle disease virus (NDV)
and vesicular stomatitis virus (VSV),

1st Group

Virus Moi Cells Titer of virus yieLda
NDV 0.1 HeLa 106-1
NDV 0.1 Helap, 107-3
VSV 0.1 HeLa 102'§
VsV 0.1 Helap 10°-
5.4
NDV 0.01 Hela 10,7,
NDV 0.01 Hela.__ 10%"
PI
vsy 6. 01 Hela 1o§-§
Ve 0.01 HeLaPI 107 =

end Group

5.8
KDY 4 Hela 10,7,
NDV 4 Helap, 1g=="
NDV 1 Hela 102-7
NDV 1 Helap:

.
NDV 0.1 Hela Taed
gL ; ERL
NOY 0.1 Helap 10

=
KDV 0.01 Hele 1078
WDV 0.01 Hela, 00

g 8

8 plagus forming units per ml in chicken embryo fibroblasts.



Table &

Infectious center determinations of HeLaPI cells on Vero cell

monolayersd

HeLaPI cell
passage ho.

fo. of plagues
HeLaPI cells

6100

% infectious centers

P20 7/100 [
13/100 13
13/100 13
13/100 13
10/100 10
P64 6/100 6
6/100 6
8/100 8
P70 23/100 53
P7s 30

50/100

“ Details of procedure are described in Materials and Methods.

b sverage number of plagues rourded to nearest whole number.

o9



Table 5

Properties of clonal cell lines from Helapy cell cultures.

_Property

Cell Passage b

clone no. HAD® IF Ict PEU/mLY

EE P1 95 N.D.€ N.D. N.D.
p3 25 20% N.D. 103
P6 95 95% 14n 8 104

MJ F1 95 N.D. N.D. N.D.
B5 0 2% N.D. 3 0
pY 0 0 <t in 5.3%10 N D,
[2H N.D. 0 N.D. 0

RZ P1 95 N.D. N.D. N.D.
pz 0 0 N.D. 0
5 0 0 <1 in ?.Sx@@é ¢

@ HAD = the percentage of cells which demonstroted hemedsorption of

Riizeus monkey erythrocytes.

IF = immunofluorescence. The presence of measles virus antigens
in cell clones as determined by immunoflucrescence.

IC = infectious center determination. The sverage number of
plaques formed in Vero cells per number of celles plated.

Titer of infectious virus as determined by plaoue assay.

B.0. = not determinad.

60
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Table 6

The ratio of released and cell-ascociated MVpy per 10 Helapy cells
for a 24 h periodd.

HeLapy cell Reteased virus Cell associated Total
passage no. PFU/10 cells "PFU/10 cells PFU/10 cells
P20 1.0 N.D.b N.D.
p64C 1.7 2.0 3L7
P64 4.2 3.0 7.2
P64 4.7 7.4 15.1
P65 2.2 1.2 3.4
P66 5.4 H.D. N.D.

& pssayed in Vero cells at 37 C.
b n.p. = not determined.

C Three separate determinations on Helapy cell (P64).






Third experiment

Time at 42 C

0 min
20 min
40 min
60 min

Time at 42 C

0 min
20 min
40 min
60 nmin

MVy titer

Log decresse

0

0.64
0.97
1.12

Log decrease

b % 105;’
G Sy 103
2.4 % 102
1.7 x 10~

63

% survivors

100
23
11

0.8

% survivors

100
¢8
52

=5 oe
31

a

PFU/ml determined by

plague assay in Vero cells.



Table 8

Comparison of the thermolability of MVo and MVPI at 50 C.

Time at 50 C MVo titer® Log decrease
0 min 9.6 x 105 0
15 min 3.9 x 10 2.39

4 survivors

100
0.4

Time at 50 C MVp1 (P21) titer Log decrease

5
4

0 min 2.0 % 10

15 min 2.6 x 10 0.89

% survivors

100
13

&

PFU/ml determined by plague assay in Vero cells.

64
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Figure 1.

Immunof luorescent photomicrograph of measles virus specific

antigens in the cytoplasm and nucleus of Hela cells persistently

infected with measles virus (X320).
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Figure 2.

An electron micrograph of a HeLaPI cell containing rough
nucleccapsids (Ry in the cytoplasm and the inclusion type of
smooth tubules (S) in the nucleus. Note the intranuclear para-

crystalline array (X2%.400).
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Figure 3.
Plague size of MV, and MVpy in Vero cells. Vero cell mono~
layers in 60 mm petri dishes were stained with nesutral red eignht

days after infection. A = control plates B = MV, infected plate,

C = MVpy infected plate.
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Figure 4.
The growth curve of My, and MVPI in Vero cell cultures.
Details of the experiment are described in Materials and Methods

section. Symbols: MV, () extracellular, (1)) celt-associated;

MVpye () extracellular, (L) cell-associated.
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Abstract

The virus isolated from Hela cells persistently infected with the
Edmonston strain of measles virus (MVpj) has been reported from this
[abo*atory to differ from the wild-type measles virus (MVO) in reduced
viruitence for Hela cells, lower virus production from Verc cells, and
increased heat stability at 42 C. Additionally, MVpp has now been
shown to be temperature sensitive. The temperature sensitivity of
MVp; was determined by the efficiency of plaguing at 33 ¢ and 39 C in
Vero cell monolayers., After two passages in Vero cells at 3% C. 93%
of the plaque-purified virus stocks maintained the temperature

eristic. There wes a 50~fold increase in virug pro-

s
o

e f
sensitive charact

i

]

duction as well 2s a slight in erense in the percentage of cells

.

forming infectious centers in Helapy cells incubated at 33 ¢ compar

to Halapy cells grown at 37 €. MVpp readily established a persistent

intection in Hels cells which also released temperasture seasitive



71

Introduction

Temperature-sensitive (ts) muteants have been isolated from

NUMer cus cetl‘cultures and animals persistently infected with para-
m}xoviruses (18). Youngner and colleagues (16-18:26) have shown that
ts mutants of Newcastle disease virus are involved in the persistence
of L. BHK~21, and MDCK cells. With the attenuated Schwartz strain of
measles virus: Haspel et al. (8) demonstrated that the viral matura-
tion in latently infected hamster embryo fibroblasts was temperature
sensitive. Anti-measles antibody has also been utilized to establich
a persistent infection of measles virus in Hep—-2 cells where

measles virus is released (&). This paper re-

i
£
£
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=3
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ports that e persistent infection of Hela cells, established without
4

virus specific antibody with the Edmonston strain of measles viruse

selecte for a virus population which is temperature sensitiva.
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Materials and Methods

Cells. Vero cells: a continuous Line of African green monkey
kidney cellss armd Hela cells were cultures in Eagle's minimal essen-
tigl medium (MEM) with 10% heat inactivated (56 € for 30 min) fetal
calf serum (FCS) and sodium bicarbonate (1.0 g/l). All medie con-
tained 100 U/ml penicillin and 100 ug/ml streptomycin. Cell cultures
were incubated at 37 € unless otherwise indicated. Once monolayers
were confluent or after virus infection. the cells were maintained in
the above media with 2% FCS. Cell cultures were screensed for myco=

plasma contaminaticn as described by Hayflick and Stanbirdge ().

¥irus. The kdmonston strain of messies virus (MVy) was obtained
trom the fnerican Type Culture Collection (Rockvilles Md.). Virus
stocks were prepared in Vero cells by adsorbing dituted (TQ“EY pnesane
material for 2 h at 33 ¢. When infocted cells showed meximal cyto-
pathic effect (CPE), cultures were frozen and thewed twice: centri-
fuged at 10,000 x g for 30 min to remove cellular debris, and stored
at =70 C. The characteristics of MVpy have been described previcusly
(1. A kncwn temporsture censitive mutant (tsT) was kindly provided
by F. Rapp (Hershey., Pa.) (7). Viral stocks of isT were prepared in
Vero cells at a multiplicity of infection (moi) of 0.01 at 33 C and

harvested as described above.
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Hemadsorption. Hemadsorption (HAD) was performed on cell mono-

layers. The medium was removed, the cells rinsed two times with PBS
and a 1% suspension of Rhasus monkey erythrocytes was added. The
cultures were incubated at 37 C for 30 min: rinsed thoroughly and ob-

served. Uninfected monolayers served as controls.

infectivity assays. A plague assay previously described for

measles virus was employed with modifications (8). Vero cells were
groﬁn in 60 mm plastic petri dishes at 37 € in an atmosphere of 5%
Cos. Confluent monclayers were rinsed with warm phosphate buffered
saline (PRS. 0.01 M phosphate pH 7.2) and inoculated with 0.5 ml of
virus dilution made in MEM plus 2% FCS. After adsorption at 33 ¢ for
2 hy 7 ol of nutrient agar soLutiOﬂ was added to give @ final concen-
tration of F0% FCSe 1% agar. and 0.23% sodium bicarbonate. Tha platos
were incubated for 7 days in the presence of 5% o, after which 3 ml
of & 1:30 dilution of neutral red in PBS from a 1:300 stock (Giboo.
Santa Clara, Calif.) was added. The plague-forming units/ml (PFUML)

were determined after 8-10 davs.

[6)]

Alternatively, tissue culture infective dose (TCIDSO) assay
were performed in serial ten-fold dilutions. Five roller tubes of
BSC-1 or VYerc cells per dilution were inoculated with 0.2 ml of the

virus suspensions and cobserved daily for CPE. Titers were calculated

10 days after infection by the Reed and Muench method.
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Infectious center assay. To determine what percentage of Helapy

cells were relegsing infectious virus. infecticus center determinations
were performed hy scraping HeLabI cell monolayer cultures with a

rubber policeman and plating on Vero cells as previously described (1).
After passage 64 (P64, trypsinization with an alkaline trypsin (0.05%)
versene solution was used to remove the cells for infectious center

assays according to the procedure of Crowell and Syverton (4).

immunof luorescence (IF). Coverslip cell cultures were rinsed

with PBS and Tixed with 95% methanol for 5 min &t room temperature.
The coverslips were rinsed again and covered with human subacute
sclorosing paneneephalitis (SSPEY serum et & 1:1080 dilution
(hexapglutination innibition titer, 1:1024) kindly supplied by D.A.
(HINDS). Aiter 1 h at 37 0 the cells were rinsed with PBRS

and stained ' th a 1:20 dilution of sheep anti~human ¢lobulin conju=-

gated to fluorescein icothiocyanate (Sylvana Co.r Hilburn, WMew Jorsey)
for 1 h at 37 C. The coverslips were then counterstained with Evans

blue (0.48%2 for 5 min at rcom temperature., rinsed thoroughly. mounted
and obsepved with g Zeiss microscope (Reichert illuminator}). Photo—
micrographs were taken on Kodak high spesd Ektachrome film (ASA 140D
with an exposure time of 2-3 min.

The specificity of this reaction was determined by a series of
contraol expezriments (13). Positive Tluorescence was not detected
when SSPE serum was reacted with uninfected Hela cells, uninfecte

WI-38 celis, uninfected BHK-21 cells, or BHK~Z21 cells infected with
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mumps viru; (25). The fluorescence was removed by adsorpticn with
Helap; cells or after extensive adsorption with a concentrated measles
virus preparation grown in Hela cells or in primary African green
monkey kidney cells. Additionally, positive fluorescence was ob-
sérved when SSPE serum was reacted with WI-38 cells infected with
measles virus or with a carrier SSPE cell Lline described by Burnstein
et al. (3). and obtained from J. Evermann. Fluorescence was not ob-
served when only the conjugate was added to uninfected or persistently

infected Hela cells.

Isolation of plaque~purified MVpy viral stocks. The procedure

used Tor plague purification of MVpy 1s similar to those described

P
for the isolation of chemically induced ts mutants of measles virus
(2:7y, Tre zoar above well sepsrated plsguus at terminal dilutions
was rempoved with a Pasteur pipette and suspended in T ml of maintensrce
medin. After brief sonications, 0.2 ml of this material was incculated
inte duplicate Vero cell monolayers in 16 mw wvells in plastic trays
(Flow Lew, Rockville. Md.). Identical cell cultures were incubated

at 3% ¢ and 3% C and cbhserved for CPE. H!O and tsT were included in

each isolaticn series as controls,
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Results

Temperature sensitivity of MVQLf Persistent infections of measles
virus in LU 106 cells (15), hamster embryo fibreblasts (8) and Hep-2
cells (6) Have been shown to produce ts mutants. Preliminary experi-
ments with MY, and MVpy indicated that the MVPI characterized pre-
viously was also temperature sensitive. Therefore, cell culture
fluids taken from HelLapy cells at Pi1. P22, and P27, and from Helapj
cetl clone EE (1), as well as wild-type MV; from Vero cells, were
assayed in Vero cell monolayers at 37 C and 39 C. After adsorption
at 33 ¢ for 2 h, duplicate samples were incubated at 37 and 39 € and

moriitorsd daily for CPE. The results are given in Table 1. MY,

ar of 104

Ens

replicatad to 5 TQIDSDIOﬂZ nl at boith 37 and 3% ¢ while

atl MVPE titers from three separate subculturcs of HeLaPI cells ware
at least 100-fold loumr at the elevated temperaturs. MVPI from cell
clone EE showed ahout a 10-fold dacregse. The reduction of MVPI titer
at 39 C indicated that a largs provortion of ths MVPI population was
temperature sensitive.

The temperature sensitivity of MWPI from HeLapI cells was further
analyzed by dsternining the efficiency of placuing at 33 and 3% ¢ of
duplicate titrations in Vero cell monclayers. This procedurs has
been dzscribed previousty for the isclation of ts mutants of measles
virus (2.7). The efficiency of plaguing (EOP) was calculated by
dividing the titer at 3% C by the titer obtained at 33 €. With MVO

grown in Hela or Vero cells. the EOP was 1.0, while for tsT, it was
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3.6 x 10 °. MVpI released from HeLaPI cells (P63 and P6é6) essentially

did not plague at the non-permissive temperature. while greater than
104 PFU/ml were detected at 33 €. The EOP of the two MVPI stocks was
2.7 and 4.4 X 1O~4 (Table 2). The EOP results for MVPI are consistent
with those obtained for the ts virus released from the $-2 phase of
the measles virus latent infection of hamster embryo fibroblasts (8).
Since temperature sensitivity of MVPI was demonstrated from the
total population:, placue purification was performed to determine the
stability of individual MVPI stocks. To date 68 cut of 73 (93%) MVPI
plague-purified viral stocks have produced CPE only st 33 £ and not at
39 €. In additions tsT which has been reported not to produce CPE in

BSC~1 or human confunctiva cells at 39 C (7). did not cause CPE in

Vere celis el the non-permissive Lempsiature in ocwr Laboratory. The

5 viral stocks which demonstroted CPE at both 33 and 39 ¢ sugnasted
the possibility that wild-type EVO revertenis were prosent. These
findings suggest that the mejority of MVPI plague-purified stocks

after being plaoued and passed one {ime in Vero cells remain
tempersture sensitive. The reversion freguency of stable MVPI mutants,

determinad by the ratio of the efficiency of plaguings will bz recorted

in a separate communication.

Influence of temocrature shift on Helapr cell systam. Hela,, cells

(P69) ugre shifted from 37 C to 33 ¢, Repliczte czll cultures uere
naintained at 37 ¢ for compariscn. After 50 cays (6 cell passages).
the cultures shifted to 33 € were morphologically indistinguishable

by light microscopy from cultures incubated at 37 C. No interferon
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could be detected in culture fluids from Helap; cells cultured at 33 C
gr 3T € T

The relesgse of MVPI was monitored after HeLapI cells were shifted
from 37 to 33 €. After 12 h, a 2.5-fold increase in viral titer ues
dbserved in Vero cells assayed at 33 C. However, after the HeLaPI
cells had besen passed twice at 33 ¢ (14 days), nearly a 50-fold in-
crease in MV_,. titer was observed after a 12 h period (Table 3). This

PI
increase 1in MVPI titer from HeLaPI cells incubated at 33 C approximates
the increase in titer reported by Norrby (15) from LU 106 measles
virus carrier cultures incubated at 33 ¢ for 15 days.
Infectious center determinations on HeLapI cells assayed at 33

ort Varo celes demonstrated a slight incresase in the nuamber of infee-

ti1ous conters Trom cells groun at 33 ¢ (Teble 4).

The ability of MV_. to establish & persistent infection. To

compara the virulence of MVPI for Helz ce i\
o o i .
triplicate roller tube cultures (1 % 107 celis) were infected with

0.2 mi of MVPI (P20) at a mol of 0.2. After sdsorption, the cell

cultures were rinsed, fed with maintenance media and incubated at 237 C.

o

After 10 days. less than 25% of the Hels cell monclayers showed CPE.
Minimal CPE and cell rounding continued in the MV, infected call
culture for the next 20 days at which time cells began to repopulate
the roller tubes. In contrasts MVO infected Helsz cells demonstrated
extensive CPE 7 days after infection until the menolayers were

destroved. After 45 days. surviving cell clones were ohserved in
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the MVO infected cultures. The MV_ . infected cultures were assayed

PI
for released viru; and for the presence of measles virus components

by HAD and IF (Table 5). The new carrier Hela cells (HeLapI I1 cells)
were 100% infected as determined by HAD or IF. The levels of released
virus were comparable to titers obtained from HeLaPI cells (). The
EOP (39 C/33 C) of released virus from passage 4 cells was 5.5 x 10_4.
indicating that this virus was also temperature sensitive. These
results show that MVPI inoculated into Hela cells causes minimal CPE
and establishes a persistent infection directly. In addition: the

virus released from HeLaPI 11 cells appears to be temperature sensitive.

Further characterization of this cell line is being carried cut.

Host—controliled veriations or host-induced modifications have bean
described for Sendai virus (11:21) and for DV (5.23)., If the conver-
sicn of oane viral characteristic to another occurs in the majority of
the virel populztion after being passed once in a permiscive cell
typer the observed variation cen be ettributed to s hosi—induced modi-
fication. In the case of the Hela/MV cell cultures describad by
Minegawa. after being passed one time in Vero cells. the carried wirus

5

Lost the ability to establish persistcnce directly and regained the

plague size of MVO, From these resuits. Minagawa (14) suggested ths
possibility of a host-controlled variation for the mechanizm of

maintenance of the Hela/MV cultures.
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To determine if the lack of virulence for Hela cells: smaller
plaque size, and temperature sensitivity of MVPI was a result of a

Hela cell induced modification, MV was passed in Verc cells. Serial

PI
passages of MVPI were initiated by plating 104 plague forming HeLaPI
cells onto Vero cell monolayers in 60 mm petri dishes (2-3 x 106 cells)
at 33 and 37 C. After 96 h, approximately 75% of the cell monolayer
‘Wwas destroyed. The cells which remained were scraped into the wedia
and frozen and thawed two times and cellular debris removed by centri-
fugation. Subsequently, a 1:10 dilution of this material was passed
and harvested as described above. After being passed three times
plague assays were performed at 33 C and 39 C. The plaque size, the
EQP ard the virulence for Hela cells were daterminsd for each passace.

1/
The rezultz of the ECGP (3% £/323 C) are given in Table 6. HVPI DEssed

in Yero colls abt 33 0 thres fines did not form plegues st 39 C
indicating that the ts property of MVPI was a stable mutation. How-
every, MV ; passed at 37 C maintained its tg character for only tuo
passages ay determined by the EOP. After being passed at 37 C for the
third time. plaguss were obsserved in Vero cell monolayers incubated at
39 € resulting in a2 higher EOP. The olagus size at 32 C for all pss~
sage material was 1 mm or less (data not shouwn) while the plaques uveen
at 39 ¢ from passage 3 (37 C) material were 2 mm. Only this latter
virus preparation caused syncytia type CPE on Hela cells at 37 i.
These results indicate thet the altered characteristics of MVPI are

not the result of a Hela cell induced modification. Furthermore.

when plague-purified MVO. grown in Vero cells, was passed twice in



Hela cells at a moi of 0.001, the EOP (1.0 and 1.1), the virulence
for HelLa cells (positive), and the plague size (>2 mm) continued to

be consistent with that of the wild-type MVO.

81
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Discussicn

Several mechanisms have been suggested to explain the establish-
ment and maintenance of pergistent infections by measles virus.
Rust'gian (20) concluded that cellular factors controlled viral growth
through a regulatory mechanism in his measles virus-Hela cell systenm.
Similarly, a host-induced modification was suggested by Minagawa (14).
Norrby (15) found nho evidence for the presence of interferon in the
measles virus carrier LU 106 cells while an interference betweecn
virulent and temperature sensitive virus was suggested as the
mechanism for a latent infection of hamster embryo fibroblasts with
the Schwartz strain of measles virus (8).

in the H@Laal cell system: interferon was excluded as & possibie

techaniss for the Hale,

. cell persistence bocause no detectabla
r

levels of interferon were found. The susceptibility of HeLaPI Cetis
to chellenge with V8V was additicnal evidence thet interferon. i
present. was in very small qguantitiez (1.

The stability of three MVPI properties upon passage in Vero cells
as well as the lack of modification on Hela cell grown wild-type MJO
indicated that a host-induced modification was not prominent in this
gsystem. The virus which was not temperature sensitive after being
passed three times at 37 C probably represented wild-type Mvo ravar-
tants rather than virus which had lost its Hela cell modification.

'

By the efficiency of plaquing at 392 C on Vero ceils, MVPI WES

clearly found to he temperature sensitive. UWhen the incubation



temperature of the HeLaPI cells was lowered from 37 C to 33 C an
increase in both the amount of virus produced and the number of cells
producing virus was observed. The lack of extensive CPE after
temperature shift to 32 ¢ is in contrast to the measles virus LU 106
carrier cultures (15) where a gradual increase in CPE was observed
until cells detached completely from the bottle., 30 days after incuba-
tion at 33 C.

MVPI was isolated from a persistent infection which had been ini-
tizted by the Edmonston strain of measles virus. The mechanism of
selection of MVPI by the persistence in the absence of ﬁeasles anti-
body is not knoun. However, the persistent infection appears to
select for a virus which is less virulent, temperature sensitive and

has a smaller plague size. The presence of ts mutents in persistent

Loy

infections of measles virus (6:8) as well as with HDV (17.18), VS
(10; Youngner: J.S.. personal communication): and Sindbis virﬁs (22
suggests that the occurrence is not & rendom process.

Recently., Youngner and his colleagues (personal communication)
have reported evidence which might explain how temperature sensitive
wutants of VSV could be involved in the maintenance of a persistent
infection of L cells. These ts mutants were determined to interfere

with wild~type viral replication at both the permissive and ron-

(4

permnissive temperszture. At the same time:, an increase in the ¢
mutant titers was also observed. Since the ts mutants can inhibit
wild-type virus replication, revertants would not become the pre-

dominant virus in the persistence. Thus. a ts virus population
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selected during persistence could maintain both its mutant character
and the persistent infection.

The mechanism of maintenance presented above provides a workable
hypothesis by which persistence with measles virus can be studied.
The ability of ﬁvPI to initiate a persistent infection in Hela cells
as well as to be isolated from persistently infected cells suggests
the possibility that ts mutants of measles virus may be involved in
the establishment and maintenance of persistence. However, the
presence of defective interfering particles of measles virus or DNA
intermediates and their role in the HeLapI cell system cannot be

excluded.
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Table 1

The replication of MV,. from HeLap cells in Vero cells at 37 C and 39 C

PI I
Virus TCIDSO/O.Z ml
at

37 ¢ 39 ¢

4 4

o 10 10
MV, (P1D) 10° <10’
3 1

MV, (P22) 10 <40
| . 3 1
MV, (P27 | 10 10

2
MV, EE 10° <10
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Table 2

The efficiency of plaquing (EOP) of measles virus stocks at 33 C

and 39 € in Vero cell monolayers.

PFU/ml at _“~EOP 3
Wiat Stack 33 ¢ 39 ¢ 39 (/33 ¢
g 1.2 x 10° 1.3 x 10° 1.0
EsT 2.8 x 10° < 10 3.6 % 102
Y, (P63 2.3 x 10" < 10 bt ¥ 107%
) . A -4
e, (P68 2.7 % 10 < 10 2.7 % 10

* Hela,, cells (8 x 1@6) pascagse 63 and 66 grouwn st 37 C. Cell

- > & :
fluid was harvested after 24 h.



Table 3

The release of infectious virus from HeLaPI cell cultures maintained
at 33 C and 37 C.2@

incubation temperature

Time after shift 33 €

4 h 1.7 x 104D
(3.4 x 10%)¢

8 h 2.4 x 10%

(3.6 x 104

12 h 9.0 x 10%

(4.0 x 10%)

336 K 1.4 % 102

(14 dayes) (3.0 x 10

a HelLap; celts (8 x 1006) passage P6Y grown at 37 C.
b pru/ml assayed in Vero cells at 33 C.

C Numbers in parentheses represent infectious virus titers
obtained from HeLapI cell cultures maintained at 37 C.

d HeLap; cells 8 x 109 between P69 - P71. Cell fluid
harvested after 12 h period.

90



Table &

Infectious center determinations of HeLapI cells on Vero cell mono-
Layers at 33 e '

Incubation temperature ,
of HeLaPI cells % infectious centers

Passage 70b

33146 60

3¢ € 45
Passage Ak

23 G 40

i 18

8 petails of procedure are given in the Materials and Methods.
b HeLaPI caelle removed by scraping.
c

He!.apI cells removed by trypsinization.
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Table 5
Characterization of HeLapI 11 cells
Cell passage no. HAD? IFb PFU/mL®
3
1 100 100 2.0 x 10
2 100 N.D 9.0 x 10°
3 160 100 N.D.
4 N.D. 100 7.4 % 10°
L
1.8 ® 1
<10

of Rhesus monkey ervthrocyies.

If - Immunofluorescence.
in cells as determined by immunofluorescence.

N.D. — Not determined.

HAD - The percentage of cells which demonstrated heradsorption

The presence of measles virus entigens

Plague forming units/ml in Vero cells at 33 C.

Placgue forming units/ml in Vero cells a

PFU/ml - Plaque forming units/ml in Vero cells at 37 C.
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Table 6

The effect of serial passage on MVpI in Veroc cells

Incubation temperature of Veﬁp cells

MVPI passage no. . 33 ¢ 37 C
P1 7.6 x 10728 2.2 x 1073
P2 9.0 x 107% 6.2 x 107%
p3 9.6 x 107 7.2 x 107"

e Efficiency of plaguing (EOP 39 ¢/33 C). the PFU/ml determined
at 3% € divided by PFU/ml at 33 C.
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Appendices
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APPENDIX A

The comparison of MVO and MVPI virulence in Heia cells detected by

cytopathic effect.
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The purpose of this experiment was (1) to compare the virulence
of MVPI and wild~type Mvo for Hela cells and (2) to determine i MVPI
was capable of establishing a persistent infection in Hela cells.

Roller tube cultures of HeLa cells (1 x 105 celis) in triplicate
were inoculated with three different viral preparations. Two dif-
ferent MVO virus stocks passed at low moi‘s, one grown in Hela cells,
the other grown in Vero cells, were used: MVpI from He!.aPI cellg
(P20) served as the third viral stock. Conflusent monolayers wers
rinsed with phosphate buffered saline and 0.2 ml of a viral dilution
was added to give an input moi of 0.2. After 2 h at 33 ¢, the cells
were rinsed and 2 ml of maintenance media was added before incubating
at Z7 C. CPE was neasured in the cell cultures by chservation under
the Light microscope. When 25% or less of the moriolayer showed viral

h

el
P

o

CFE: the results were recorded as 1+. When between 25-50% of

Tad

o

monolayer demonstirated CPE, 2+ was the notation, while 3+ design
50-73% of the monclayer was involved in CPE. 4¢ meant that between
75-100% of the cells showed CFE.

Tuo days after infection. 1+ CPE was observed in both MVO
infected cell cultures. CPE was extensive (4+) in MVO infected Hela
cells 7 days after infection while at the same tima, only 1+ CPE was
noted in MVPI infected monolayers. Minimal cell rounding and CPE
continued in the Mvp: infected cell cultures for the next 10 days .
after which time the infected cells began to grow and repopulste the
rotler tubes. In contrast, MVO infected cuttures could bhe seen to

have surviving cell clones 45 days after infection. The MVPZ infected



cells were assayed for released virus and for the percentage of
measles virus in%ected cells by hemadsorption and immunofluorescence
between passage 1 and 3. The results given in Table 1 show that 1060%
¢f the cells, designated HeLaPI IT cells, are infected as detected by

hemadsorption or immunofluorescence and that between 103 to 104 PFU/mt

infectious virus are released.

Conclusions
MVPI inoculetad into Hela cell cultures readily established a
persistent infection. MVPI was less virulent for HeiLa cells than MVO

as determined by CPE. MVPI infected monolayers remained virtually
intact while nearly complete destruction of the MVO infected cultures

HAS opsairved.



Table 1

Characterization of HeLaDI I1I cells

Cell passage no. HAD® IFb PFU/mL®
1 100 100 2.0 x 103
2 100 n.p.9 9.0 x 10°
3 100 160 N.D.

HAD - The percentage of cells which demonstrated hemadsorption
of Rhesus monkey erythrocytes.

The presence of measles virus

IF - Immunofluorsscence.
s determined by imaunofluorescence.

antigens in cells a
PEU/BL ~ Plaque forming units/ml in Vero cells a: 37 C.

N.O. = Not determined.
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APPENDIX B

The generation time of Hela and Hela

PI

cells at 37 C.
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The cell generation time of HelLa and HeLaPI cells was determined
at 37 C. 2-oz. prescription bottles were seeded with 1 x 106 viable
Hela or HeLaPI cells. The cells were cultured in MEM plus 0% FCS. At
each time interval, 2 bottles of Hela or Helap cells were rinsed with
PBS and trypsinized from the bottle. The cells from two botiles were
combined, diluted in 0.5% trypan blue solution and counted in a
hemocytometer.

The results are given in Table 1. The formula used to calculate

the cell generation time was:

log B ~ log A

Llog &

n =

wacre B = final number of cells, A = initial number of cells,

= 0.301 and n = the number ¢f generations.

™o

¥old]

gr Was then calculated from the equation:

=t -ty
2]

where t, = the final time. t1 = the initial time.
By taking the Hela and WeLaPI cell counts from day 3 and day 5
(logarithmic growth phase), the cell generation time was determinad to

be 22.8 h for Hela cells and 23.3 h for HeLaPI cells,
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The plating efficiency of Hela and HeLaPI cells was not signi-
ficantly different. This difference would be expected to be minimal
since the cell generation time was determined in the logarithmic

growth phase for each individual cell type.



Table 1

The cell generation time of Hela and HeLaPI

Cell number‘a

102

cells at 37 C.

Day Hela HeLaPI

1 ' 4.0 x 10° 3.3 x 10°
2 6.2 x 10° 5.0 x 10°
3 1.6 x 10° 1.0 x 10°
4 3.6 x 10° 1.6 x 10°
5 7.3 x 10° 4.2 x 10°
6 8.0 x 10° 9.2 x 10°

a . , .
“ Total nuiber cf cells per 2-oz glass hottle as determined

by cell counts in & hemocytometer,



APPENDIX C

The effect of measles virus antiserum on HeL.aPI cells.

10

=
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HeLapI cell cultures were grown in 25 cm2 plastic flasks with
MEM plus 2% FCS. Human measles convalescent serum cbtained commer-
cially (Flow Lab: Rockville, Md.) was heat inactivated (56 C for 30
min) and added to the culture media. The dilution of antiserum used
was sufficient to neutralize the released infectious virus (1 CF unit/
ml/24 h). The HeLaPI cell morphology was not altered by the addition
of antiserum.

When the antibody medium was removed after 58 days. only 52% of
the HeLapI cells revealed positive fluorescence. compared to >95% in
the untreated control HeLaPI cell cultures. After 109 days. the
antibody medium was reﬁoved and the cells were transferred to cover-

s lips for immunofluorescent examination. HMeither viral antigans by

impunoflucrescence nor released virus could be detected. After two

for measles virus specific fluorescence and no released virus4ccuLd
be detected. The antibody "cured” cultures were susceptible to wild-
type measles virus infection.

The conclusions from this experiment are limited gince normal
human serum was not included as a control even though anti-measles
antibodies can be detected in a majority of the normal human sera

by immunofiuorescence (1).
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APPENDIX D

Superinfection of Hela and HeLaPI cell cultures with wild-type MVO.
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Homologous interference has previously been attempted with pas-—
sage 5 HeLaPI cells. However, no conclusions could be made concerning

the nature of the virus released from HELaPI cells after challenge
With MVO. To try and determine if M\/O replication was inhibited by

Hela,, cells, Hela and HelLa,. cell cultures (passage 40) were grown

PI PI
in Linbro trays (24 well, 16 mm). the cultures were inoculated with
M\!0 at moi's of 4, 1, 0.1, and 0.01. After 24 h., the cultures were
frozen and thawed two times and the culture fluids centrifuged at
10900 x g for 20 min to remove cellular debris. The virus samplss
were aséayed in Yero cells by plague formation. MVO waé moniteorad for
by the presence of plaques of 2 mm or greater in diameter on Vero cell
monolayvers at 37 C. The plague size of MVPI was 1 mm or less in dia—
meter undor the same conditions.

The results are given in Table 1. Mvc was concluded to replicate
efficiantly in Hela and HeLaPI cells since viral titers appragimated
each other and because large placues (2 mm or greater) were observad
on terminal dilution plates. The consistently lower viral titer ob-

tained from Hels cells might be the result of interference between

PI
the replication of MV and NVPT or by the presence of defective inter-
fering particles present inside the Hela cells. This is in contrast

PI
to the previous homologous challenge eapﬂPTFent where there wes no
increase above the usual titer of virus produced from Hela, P celis.
The reason for this apparent loss of homologous interference upon
passage of Hela cells is unknown. A possible explanation is that

PI
wild-type MV0 gene products: respensible for large placues: could be
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complementing or rescuing the MVPI from the Hela cells even though

PI
wild-type MVo replication is significantly inhibited. & similar
rescue of a ts mutant of VSV by wild-type VSV has been described by

Youngner and Quagliana (1).
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Table 1

Challenge of Hela and Hela_. cells with MVO.

PI

Moi Cells Titer of virus yieLda
é Hela 10?';

4 HeLapI 107"

1 HeLa 10,

1 HeLaPI 10

0.1 HeLa 1052

0.1 HeLaPI 10

0.01 Hela 102+

0.01 HeLaPI 10

= HeLaPI 104°9

. PFU/wl in Vero cell monclayers at 37 C.
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APPENDIX E

Establishment and preliminary characterization of @ Vero cell line

persistently infected with measles virus.
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The establishment of a persistent infection of Verc cells by
measles virus was attempted. Vero cells (2 x 107} were inoculated

4) that had been passed

with a measles virus preparation (moi 2 x 10
undiluted 10 times and diluted (1:10 dilutien) 8 times in Hela cells
after being received from the American Type Culture Collection.

After 8 days, extensive cytopathic effect was observed which continued
for the next 14 days until destruction of the monolayer was virtually
complete. By 130 days after infectien, a sufficient number of sur-
viving cells had re-grown and were subsequently subcultured (passage
2). By immunofluorescence at passage 2. 100% of the cells (VeroDI
cells) contained measles virus antigens. Table 1 presents the

results of the percentage of infected cells as detected by immunc-

flu

(]

regeegnce.  Infectivity assays of VeroPI cells at passage 2 and
10 using Yero cell monolayers incubated at 37 € did not reveal any
infectious virus when undiluted inoculum was plated.

Electron micrographs taken of VeroPI cells at passage 2 revealed
the presence of nucleocapsids of the smooth variety (14-18 nm in
diameter) only. These smooth tubules were observed in the cvtoplasm.
in the nucleus 6r in both areas simultanecusly. The percent distribu-
tion of nucleocapsids found in the cytoplasm or in the nucleus was not
determined.

At passage 12. the extracellular fluid frou VGPOPT cells incubated
N

'

at 37 C was assayed for infectious virus on Vero cell monolayers at

33 C and 39 €. Infectious virus was detected at 33 ¢ (103 PFU/mL) »

but no virus was detected at 39 € (<10 PFU/ml). The plague size of
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measles virus released from the Vero I cells assayed at 33 C was 1 mm

p
or less in diameter. Viral titers were found to increase after VeroPI
cells were incubated at 33 C. After two passages at 33 C. VeroPI
cells produced between 7 x 103 to 8 % 104 PFU/ml on Yero cell mono-
layers incubated at 33 € while essentially no plaques (<10 PFU/ml)
were found at 39 C. The efficiency of plating (39 C/33 €) for the

‘virus from Vero_,. cells ranged from 1.4 x 10_3 to 1.3 x 10-4; clearly

PI

indicating that a temperature sensitive viral population had been

selected in the persistence.
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Table 1

The percent of VeroPI cells with measles virus antigens as detected

by immunofluorescence.

Cell passage no. % positive
2 100
5 100
6 40
7 70
8 50
10 75
11 50

= 100
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APPENDIX F

Assay for infectious DNA in persistently infected HelLa cells.
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Zhdanov and Parfanovich (6) have reported that measles virus DNA
transcripts are %ntegrated into the cell geriome of a chronically
infected chicken embryo fibroblast. In addition, Simpson and Iinuma
(5) have recovered infectious DNA from Hep-2 cells latently infected
‘with respiratory syncytial virus.

To determine if measles virus RNA copies had been transcribed
into DNA and had integrated into the Hela cell DNA, transfection
studies were performed with purified Hela and HeLapI cell DNA.

Hela and Hela cells were groun and scraped from monolayer

PI
cultures of (2.8 x 10° Hela cells and 1.5 x 10° HeLay, cells). The

I
cells were resuspended in 1X 5SC (standard sodium citrate) and 0.5%
SDS along with 250 pg/l of self-digested pronase (€ h at 37 ()«
incubated at 37 € for 1 h, then extracted 3 times at room temperature
with HZO (sterile distilled) saturated phenol. The nucleic acid was
precipitated with 2 volumes of cold absclute ethanol and the DNA was
collected on a glass stirring rod and redissolved in 0.1X S$S8C cver-
night with the aid of a small magnetic stir bar. Pancreatic RNase
(boiled for 10 min) was then added to give a final concentration of
50 g/ml and then allowed to incubate at 37 € for 1 h. The mixture
was then extracted 3 times with a chloroform iscamyl mixture (24:1).
spooled and redissolved in 2 1 ml of 0.1X SSC. The DNA uwent into
solution only after being stirred with a magnetic stir bar. The 260/
280 ratios wera determined on an aliguot 6T the Hela and HeLaPI cell

DNA. The ratics of each were 1.76 and 1.77 respectively. These 260/

280 ratios were similar to those used by Temin and colleagues (3.4}
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who isolated infectious reticuloendotheliosis virus DNA from infected
cells. The total amount of DNA was determined to be approximately
900 ng for each sample by optical density (A26O) determination with
1.0 0.D. unit = 50 yg double-stranded DNA.

HelLa and Verc cell monolayers were transfected by the method o%
Boyd and Butel (2) and Al-Moslik and Dules (1). Briefly, monolayer
cell cultures were grown in Linbro 24 well plastic dishes (16 mm) to
confluency (2 x 105 cells/well). The media were removed and rirised
with calcium and magnesium free phosphate buffered saline (CMF-PBS)
for 15 min. The cells were then sensitized with diethy{aminoethyl
(DEAE) dextran (1 mg/ml; 0.20 ml} for 10 min. The cells were then
rinsed 3 times with CMF-PBES. The DNA was then added in concentration
of 5 and 50 ug/well (0.25 ml) in duplicate and allowed to incubate
at room temperature for 15 min. The cell cultures were then rinsed
With CMF-PBS and 2 ml of maintenance media was added to each well and
atmosphere. Hela and Hela cell DNA

2 PI
(120 pg) incubated (37 C for 1 h) with 100 pg/ml (total volume 0.8 wl)

incubated at 37 € in 5% CO

of DHase (Worthington Biochemical Co.) in 0.01 M Tris. 0.01 M NaCl,
A +t £ . Ee o

0.007 M Mn  buffer, DEAE alone, as well as non-transfected cells
served as controls. The cells were monitored for the presence of
viral antigen by hemadsorption and immunofluorescence and for infec—
tious virus for over 3 weeks and 3 cell subculturings. Neither viral
antigens nor infectious virus was detected or recovered after wach
subculturing. These results. although negative, did not exclude the

possibility that infecticus DNA is present in HeLaPI cells.



118

References

[5:9

At-toslik, M.I. and Dubes, G.R. 1973. The kinetics of DEAE-dextran-
induced cell sensitization to transfection. J. Gen. Virol. 1§:
189-193.

Boyd, V.A.L. and Butel. J.S. 1972. Demonstration of infectious DNA
in transformed cells. 1I. Recovery of Simian virus 40 from yielder
and non-yielder transformed cells. J. Virol. 10:399-409.

Cooper. G.M. and Temin, H.M. 1974. Infectious Rous sarcoma virus
and reticuloendotheliosis virus DNAs. J. Virol. 14:1132-1141.

Kang: C.Y. and Temin., H.M. 1974. Reticuloendotheliosis virus
nucleic acid sequances in cellular DNA. J. Virol. 14:1179-1188.

Simpson, R.W. and Iinuma, M. 1975. Recovery of infectious DNA
from mammalian celle infected with respiratory syncytial virus.
Proc. Nat. Acad. Sci. U.S.A. 72:3230-3234.

zhdanov, V.M. and Parfanovich. M.I. 1974. Integration of measles
virus nucleic acid into the cell genome. Arch. Ges. Virusforsch.
45025254,



119

APPENDIX G

The analysis of MV0 and MVPI by equilibrium centrifugation in sucrose

gradients.
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Plague~purified MVPI from Vero cells (MVPI clone 18) was com-
pared to MVPI taken directly from HeLaPI cells by equilibrium

centrifugation. ~ (MV,. clone 18 was shown later to be a wild-type

PI
revertant by efficiency of plaguing:. plague size, and virulence for
Hela cells.) This experiment was performed to determine if density
differences existed between a virus stock derived from a single plague
compared to the virus released from the HeLaPI cells.

Two confluent roller bottles of Vero cells were infected with
MVPI clone 18 at a moi of <1. After adsorption for 2 h at 33 C. 200 ml
of maintenarce madia was added which contained 25 Ci/ml of 3H uridine.
After approximately 80% of the monolayer demonstrated CPE, the cell
fluids were harvested and the cellular deébris removed by centrifugation
at 10:.000 % g for 30 min. The supernatant fluid was then centrifuged
in a Spinco 30 rotor at 23.000 RPM vor 3 h. The resulting pellet was
resuspended and layered onto a 15-65% sucrosewDZO gradient and
centrifuged for 4 h at 292.000 RPM in a SY 41 rotor. HeLaPI cell
cultures {(passage 27) were radiocactively labeled and purified as
described above. The centrifuge tubes were fractionated into 0.4 ml
aliguots into sterile agglutination tubes. A& 10 or 25 lambda aliquot
from each fraction was taken and precipitated with 1 ml of dce cold 10%
TCA (trichloroacetic acid). 200 pg of bovine serum albumin was added
as carrier. The tubes were then set in ice for at least 30 min at 4 C
before filtration. Each sample was filtered under vacuum with tuwo
rinses of cold 10% TCA and then 70% ethanol. The filters were

manufactured by either Millipore (HA) or Whatman (GF/L). The filters
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were dried and placed in scintillation vials along with 10 ml of
aqueous toluens based counting solution 4 g Omnifluor [NENI in 1
liter toluene) in a Beckman LS beta counter. The linearity of the

15-65% sucrose-D.0 gradients formed from a commercial gradient maker

2
was checked by taking 0.4 ml fractions and determining the density

from the refractive index or from the percent solids in solution with

" an Abbe refractomster. The densities of gradient fractions were
determined from the weight difference of a full minus an empty 10
lambda pipet. No significant amount of quench was determined by B/A
channel ratio. The gradient peaks were unaltered by longer centrifuga-
tion (12 h).

The gradient profile of MV_.. clone 18 after centrifugation is

PI
given in Figure 1. A major peak of radioactivity was found at a
density of 1.24 g/cc with a slicht shoulder at 1.20 g/cc and one at
1.26 g/cc. MV purified in a similar manner directly from HeLaPI
calls demonstrated three peaks of radicactivity (Fig. 2). The MVPI
population was concluded to be a heterogencus viral population with
rajor peaks at 1.20 g/cc (fraction 18). 1.24 g/cc (fraction 20), end
1.26 g/cc (fraction 22). A minor peak was observed at a density of
approximately 1.30 g/cc (fraction 24).

A viral stock (MVO) was inoculated into Hela cells at 3 ‘iO—1
dilution. This viral preparation was passed in an identicel manner to
the virus inoculum used to initiate the HeLaPI cell persistence.

After 4 days 1+ CPE was observed. The maintenance media were replaced

with medium which contained 25 uCi/ml of 3H uridine. These media
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were replaced daily until the cell monolayer demonstrated 4+ CPE. The
cell fluids were clarified by low speed centrifugation and the super-
natant fluid was concentrated by ultrafiltration at 4 € for 3 days (2).
The concentrated sample was then centrifuged in a sucrose gradient as
described above (Fig. 3). Two peaks of radioactivity were detected:

a lighter peak at 1.21 g/cc (fraction 14) and cne peak at 1.24 g/cc
(fraction 18). This finding demonstrates that supernatant fluid from
infected cultures can be concentrated without pelleting the virus and
indicates that the 1.20 g/cc and 1.24 g/cc peaks are not artifacts
resulting from the procedures of'pelleting. Also, this graph suggests
that the 1.21 g/cc peak could be involved in establishing a persistent
infecticn and that the 1.21 g/cc peak could also be involved in the
meintenanse of the persistence since it can be isolated diractly from
Hela_ . cells.

PI
After 3 to 8 undiluted passages of measles virus, Hall zf al. (1)

have shown that defective interfering particles of these viruses
increase in number with each passage. To determine if undiluted pas—
sage caused an increase in the 1.20-1.21 g/cc peaks MVPI virus clone
18 originally passed in diluted form (3 timess 10*2 ditution) was
inoculated intc Vero cells in 32 oz bottle (2 x 10? cells) at a moi of
approximately 0.1 without dilution. This passage history was referred
to as 1X undilute. After 12 h and meximum CPE. the culture fluid was
removed and the cellular debris removed by low speed centrifugation.

5 ml of this material was then adsorbed dirsctly into ancother 32 oz

bottle containing Vero cells. This procedure was performed to build
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up viral stocks passed undiluted 1X, 2X, and 3X. The resulting

viral stocks (5 ml) were then adsorbed to Vero cell monolayers (3~

32 oz bottles) for 2 h at 37 C, rinsed with PBS and maintenance media
was added, which contained 25 uCi/mbl of 3H uridine. After 12 h all
bottles demonstrated 4+ CPE. The fluids were harvested and cellular
debris removed with low speed centrifugation (10,000 x g for 3G min).
The fluids were then pelleted at 23,000 RPM in Spinco 30 rotor for 3 h.
The pellets were resuspended in TEN (0.01 M Tris pH 7.4, 0.1 M NaCl.

0.001 M EDTA) buffer and layered on 15-65% sucrose-D,0 gradient and

2
centrifuged at 39.000 RPM in SW 41 rotor for 4 h. The Eesults of
these gradients are given in Fig. 4, 5, and 6. All three major radio-
active peaks were observed at 3 density of 1.24 ofce (fraction 18).
It was concluded that after 3 undiluted passages of MVPI clone 18
that no 1.21 o/cc peak was observed. and if defective interfering
particles were present. they had a density of 1.24 g/cc.

When paramyxovirusas are pelleted viral aggregates are formed.
To dissociate these aggregates brief sonication or Dounce homogeniza-—
tion is routinely used. To answer the question: Does sonication
result in the formation of 1.21 g/cc peak? MVPI clone 18 passed 4¥
undiluted was adsorbed (5 ml/32 oz) onto 3732 oz of Vero cells for 2 h
at 37 €, rinsed with PBS and fed with 50 ml .of maintenance meuia with
25 uCi/ml of 3H uridine. After 12 h and maximum CPE, the fluids were
harvested and cellular debris removed and then subjected to 23,000 RPH

in Spinco 30 rotor for 3 h at 4 C. The pellets were resuspended in

TEN and combined. The sample was then split in half. One half was
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sonicated briefly (1 sec) on a Bronson Biosonic IV model no. BIO IV
(low setting, min. dial). The other sample was not sonicated. The
individual samples were then layered on a 15-65% sucrose gradient and
centrifuged to equilibrium. Figure 7 shows the gradient profile of
the non-sonicated viral fraction. A slight 1.21 gfcc shoulder is ob-
served, indicating that the 1.21 ag/cc peak formation is not caused by
sonication. Figure 8 represents the gradient profile of sonicated
sample with a broad 1.21 g/cc shoulder.

To analyze some of the biological properties of the virus in the

1.21 g/cc density peak, 3.000 ml of Hela I cell fluid was collected

%

f rom passage 29, 30 and 31. The cellular debris was removed by low
speed centrifugetion (10,000 x g for 30 mind and then pelleted in

&

Spinco 30 rotor at 23,000 RPM for 3 h. The pellet was resuspended in

~F

TEN buffer and then layered on 15-65% suarosemazo gradient and centpri-
fuged for 12 h at 23,000 RPM in an SW 27 rotor at 4 C. One milliliter
fracticns were collected and the absorbance at 254 nm (A254) was
determined. 0.2 ml aliquots from each fraction was diluted with 1.8 ml
of TEW buffer and read in Beckman spectrophotometer. The gradient
profile is given in Figure 9. Hemagglutination assays were positive
at a 1:8 dilution for fractions 21-25 indicating measles virus compo-
nents were present in those fractions. The densities were also
determined and are given in Table 1.

Three separate pools from Figure 9 (shown in brackets) were ob-
tained from fractions 12-15 (pool ne. 1}, fractions 18-23 (pcol no. 2)

and fractions 24-28 (pool no. 3). The pools were diluted with TEN
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and pelleted at 23,000 RPM for 3 h in a Spinco 30 rotor at 4 C. The
pellets were resuspended and centrifuged to equilibrium as described
above. Fractions (0.4 ml) were collected and the A254 determined
(Fig. 10-12>.

Fractions 14 and 16 from the gradient profile of pool no. 2 (Fig.
41) were collected and dialyzed against TEN. Electron micrescopy of
this pool (R. Brodks. pepartment of Pathology. UOHSC) by negative
staining revealed virus—-like particles but was insufficient to make
any conclusions concerning size distribution. This pool was absorbed
onto Hela cell monolayers undiluted €0.2 ml) or at 1:10 and 1:20 dilu-
tions. Fraction 15 from the same gradient (Fig. 11) was also absorbed
orto Hela cells after baing dialyzed. After 24 h and 48 h the cells
ere fixed with 95% methanol and stained for immunofiucrescence. HNo
CPE was obesrved in these Hela cells at 37 € during this time peried.
The 24 h and 48 h Hela cells treated with undiluted fractions 14 and
16 material were positive for measles virus specific fluorescence.

The fluorescence was Located exclusively in the cytoplasm of infected
cells. Fraction 15 at a 1:20 dilution was also positive at 24 h and
48 h after infection for measles virus fluorescence.

In a subseaquent experiment with a concentrated“sample of MVPI'
purified in a similar manner as described above, the 1.21 g/cc peak
fractions were pooled and pelleted in Spinco 30 rotor at 23.000 RFH
for 3 h. This pelleted material was then used to adsorb out the

measles virus antibody activity from an SSPE serum. The SSPE serum

(Davis) was diluted 1:4 over the MVPI pellet and allowed to react for
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1 hat37Cand 12 h at 4 C. The viral material was subsequently
pelleted and the serum reacted with HeLapI cells and studied by
indirect immunofluorescence. The results demonstrated that the
fluorescence was greatly reduced (>99%) but some fluorescence was still
present. It was concluded that because the 1.21 g/cc peak could hemag-
glutinate Rhesus monkey erythrocytes. could adsork out or cross—react
by immunofluorescence with HeLaPI cells, and since virus—-like particles
were observed by electron microscopy. that the material in the 1.21 g/
cc could contain measles viruses. These particles did not cause CPE in
HelLa cells. This is not unusual since the virus was purified directly
from the HeLaPI cell cultures where destruction of the cell monolayer
would result in loss of the persistence. Further purification and
analysis of the biological properties of this 1.2%1 g/cc peak is

necessary to determine its role in the HeLaPI cell system.
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The density of frections taken from the gradient in Figure 9.

Fraction no.

Table 1

Density (a/ce)

13
14
20
21
22
25

28

1

4
I

.12
13
.18
.20
.21
.24

.26
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Figure 1.

Equilibrium centrifugation of 3H uridine labeled MVpI clone 18,
Medium from infected Vero cells labeled with 3H uridine was subjected
to low speed centrifugation (10.000 x g for 30 min). pelleted in
Spinco 30 rotor for 3 h at 23,000 RPM, resuspended and layered over
15-65% sucrose gradients (12 ml) containing DZO' and centrifuged at

4L C for & h at 39.000 RPM in Spinco SW 41 rotor.
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Figure 2.
Equilibrium“centrifugation of 3H uridine Llabeled MVPI,directly
from HeLaPI cells. cCetl culture fluid labeled with 3H uridine from

HeLaPI cells was processed in a similar manner as described in the

tegend to Figure 1.
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Figure 3.

Equilibrium centrifugation of 3H uridine labeled wild-type MVO.
Medium from infected Hela cells labeled with 3H uridine was harvested
when cytopathic effect was 4+, centrifuged at low speed to remove
cellular debris. concentrated by ultrafiltration at 4 C. and centri-
fuged for 4 h at 39,000 RPM in Spinco SW 41 rotor in 15-65% sucrose-

D0 gradients.

2
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Figure 4.

Equilibrium centrifugation of 3H uridine labeled MVpI clone 18
passed one time undilute. The details of the centrifugation are

described in the legend to Figure 1.
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Figure 5.

Equilibrium centrifugation of 3H uridine labeled MVPI clone 18
passed two times undilute. The details of the centrifugation are

described in the legend to Figure 1. -
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Figure 6.

Equilibrium ;entrifugation of 3H uridine lebeled MVPI clone 18
passed undiluted three times. The details of the centrifugation

are described in the legend to Figure 1.
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Figure 7.

Equilibrium centrifugation of 3H uridine labeled MVPI clone 18
passed undiluted four times (no sonication). The details of the

centrifugation are given in the text and in the legend to Figure 1.
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Figure 8.

EquiLibriumchntrifugation of 3H uridine labeled MVPI clone 18
passed undiluted four times (sonication). The details of the

centrifugation are given in the text and in the legend to Figure 1.
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Figure 9.

" Equilibrium centrifugation of MVPI taken from HeLapI cells.
HeLaPI ce(L fluids were clarified by low speed centrifugation
(10:000 x g for 30 min). pelleted in a Spinco 30 rotor for 3 h at
23,000 RPM. resuspended and layered over a 15-65% sucrose“DZO
gradient. and centrifuged at 4 C for 12 h at 23,00C RPM in a

Spinco SW 27 rotor.



Gt 0¢ G¢e

UoILoD4
02 Gl o] S |

l ‘ i { I T

IO

G0

0l

el

ﬁQZV



138
Figure 10.

Equilibrium centrifugation of pool no. 1 from Figure 9.
Fractions 12-15 were diluted with TEN buffer. pelleted at 23,000 RPM
for 3 h in a Spinco 30 rotor at 4 C, resuspended and centrifuged in

a Spinco SW 41 rotor for 4 h at 39,000 RPM at & C.
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Figure 11.
Equilibrium centrifugation of pool no. 2 from Figure 9.
Fractions 1&-23 were diluted with TEN buffer and processed as

described in the legend to Figure 10.
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Figure 12.
Equilibrium centrifugation of pool no. 3 from Figure 9;

Fractions 24-28 were processed as described in the legend to

Figure 10.
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VI. LIST OF ABBREVIATIONS

A - adenine

ATV - alkaline trypsin versene

C - centigrade or cytosine

146 - carbon 14

cov - canine distemper virus

CF - complement fixing

CPE - cytepathic effect

CsCl - cesium chloride

DIP ~- defective interfering particles
DNA - deoxyribonucleic acid

EDTA - ethylenedinitrilotetraacetic acid
EOP - efficiency of plaguing

FCS - fetal calf serum

G - guanine

o - gravity or grams

g/cc - grams/cubic centimeter

g/l - grams/liter

h - hour

3H - tritium

HA - hemagglutination

HAD - hemadsorption

HeLapI cetls -~ Hela cells persistently infected with measles virus
HL - hemolytic

IF - immunotiuorescence



Logy g
ME
MEM
min
nl

i
Mn
moi
MV
MV
MV

PI
W

NDV
nm
PAGE
PBS
PFU/ml
RNA
RP#M
S
SDE
SsC
SSPE
SV-5

TCID50

logarithm base 10
mercaptoethanol

minimal essential medium
minute

mitliliter

millimeter

manganese

multiplicity of infection
measles virus

wild=-type measles virus
meas les virus from persistently infected Hela cells
molecular weight

sodium chloride

Newcastle disease virus

nanomater

- polyacrylamide gel electrophoresis

phosphate buffered saline

plague forming units/milliliter

ribonucleic acid

revolutions per minute

Svedberg unit (sedimentation rate)

sodium dodecyl sulfate (sodium Llauryl sulfatel
standard saline citrate

subacute sclerosing panencephalitis

Simian virus 5

tissue culture infective dose 50
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ts

tsT

U

u
uCi/mt
ug

u

VsV

temperature sensitive
temperature sensitive mutant T
uracil

micron

microCurie/milliliter
micrograms

units

vesicular stomatitis virus
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