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NON-MEASLES HEMADSORPTION IN A '
CELL LINE PERSISTENTLY INFECTED
WITH MEASLES VIRUS (BGM/MV) :

JAY H. MENNA and JOHN D. MAY
Department of Microblology and Immunology
University of Arkansas for Medical Sciences
Little Rock, Arkansas 72205

ABSTRACT

Adsorption of Rhesus monkey erythrocytes to the plasma membranes of measles virus-
infected cells is frequently carried out to detect the presence of plasma membrane-associated
measles virus hemagglutinin. The hemagglutinin is a viral genome-coded structural glycopro-
tein of the measles virion thal is associated with the plasma membrane of the host cell during
measles virus replication. BGM/MV, a non-virogenic line of African green monkey kidney cells
persistently-infected with measles virus, adsorbed Rhesus monkey erythrocytes in an inverse
fashion relative to the number of cells present in the culture and the time post-seeding. Sero-
logical studies employing the hemadsorption-inhibition and membrane immunofiuorescence
assay procedures, suggested that this phenomenon was not mediated by the viral hemag-
glutinin. Assays for Simian virus-5 and mycoplasma, contaminating agents that induce
erythrocyte adsorption, were negative. Incubation ol BGM/MV cells at 33°C or with graded
concentrations of fetal calf serum, to stimulate the metabolism of resting (G,) cells, suggested
that adsorption was related to a phase(s) of the cell growth cycle other than G, for adsorption
was prolonged and stimulated in a dose-response fashion, respectively. Comparative adsorp-
tion studies employing the parent cell line (BGM), not infected with measles virus, were per-
formed using various species of erythrocytes. While both cell lines adsorbed Rhesus monkey
erythrocytes in an inverse fashion relative to cell density, differences were noted in the
adsorption of some of the other species of erythrocytes. These dala sugges! that Rhesus
monkey erythrocyte adsorption to BGM/MV cells was mediated by a receptor(s) of cellular
origin,

INTRODUCTION METHODS AND MATERIALS

The udmrpnnu ol erythrocyles to the plasma membranes of
cultured cells, hemadsorption (HAD), is frequently used to detect
cell surface d viral antigens. Care must be taken in the inter- BGM, a stable line of African green monkey kidney cells (Barron
pretation of HAD Its, ns & ber of apparently uninfected cell et al,, 1970) were passaged weekly by trypsinization. The cells were
lines have been found to spontaneously adsorb various species of ded in Eagles’ Mini ial Medium (EMEM) supp nied
erythrocytes (Franks et al., 1963; Kano and Milgrom, 1965; Neuman with 10% fetal calf serum (FCS) and 50 ug per ml of gentamicin,
and Tytell, 19651, BGM cell cultures were incubated at 37°C in an atmosphere of 5%

Cell Lines.

This report describes studies involving the BGM/MV cell line.
which consists of the BGM cells (African green monkey kidney cells)
(Barron et al., 1970) which are persistently inf d with a
ndapted neurotropic strain of measles virus. The cell line was estab-
lished by Menna et al. (1975a) and has been well characterized
(Menna et al.. 1975a,b; Flanagan and Menna, 1976). As determined
by indirect immunofluorescence assay, > 99% of the cells contained
eytoplasmic measles virus antigens, whereas, leu than 1% of 1he cells
possessed detectable levels of cell surfl M
etal., 1975a). Infectious measles virus was not recovered from the
cells, nor could it be induced by treating the cells with various

bolic inhibitors or by leating the cells with cytochalasin B
(Menna et al., 1975a). Although treatment of confluent cell mono-
layers with metabolic inhibitors failed to induce the synthesis of in-
fectious measles virus, u\rtrll of the mel.lboHc inhibitors when
added to BGM/MY cells i d the exp ol les cell sur-
face antigens (Menna et al.. 1975a; Flanagan and Menna, 1976).

Stwudies by May and Menna (1979 revealed changes in the stable
virus host cell relationship characteristic of the BGM/MYV line of
cells. An apparent cyclic expression of cytopathic effect occurred in

rt with changes in the p of cells with intracellular and cell
surface measles antigens, In the course of these studies it was noted
that the BGM /MV cells exhibited s s (non-induced) HAD
activity of Rhesus monkey erythrocytes inversely to the total number
of cells present in the culture. The results of experiments carried out
to characterize this phenomenon are discussed in this report

COs.

The BGM/MV cell line was derived by the co-cultivation of BGM
cells with mouse brain cells prepared from C3H mice infected in vivo
with a neurotropic strain of musles virus (Menna et al., 1975a).
BGM/MV cells are persi d with les virus and are
mq?;?hhnl”i“m and anhlenicslly BGM-like cells (Menna et al.,
1 )

BGM/MV cells were passaged every four days by trypsinization
and were seeded in EMEM supplemented with 10" FCS and genta-
micin at a concentraiion of 50 ug per ml. Unless otherwise noted.
BGM/MV cells were incubated at 37°C in an atmosphere of 5% COu.

Viruses,

virus, Ed strain (MV-500E), was obtained from
Dr. T. D. Flanagan, Buffalo, N.Y. Stock virus consisted of clarified
infectious BGM cell lysates.

Stock Simian virus-5 (SV-5), originally obtained from the American
Type Culture Collection, was prepared as an infectious clarified
BGM cell lysate,

Antlsera,

Alrican green monkey serum directed against measles virus anti-
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gens (Gallagher and Flanagan, 1976) was obtained from Dr. Flana-
gan. The n was exh ively absorbed with BGM cells
before use.

Rabbit antisera to V-5 was obtained from Microbiological Asso-
cintes, Bethesda, MD. Prior to use, the antisern was exhaustively
ahsorbed with BGM cells.

Fluorescein isothiocyanate (FITC)-labeled goat antiserum to
human IgG and FITC-labeled goat antiserum to rabbit I[G (Hyland
Co.. Costa Mesa, CA.) were used in th= indi
pusnys for measles virus antigens and 3V-5 antigens, respectively.

Erythrocytes.

Rhesus monkey erythrocytes were provided by Drs. D. E. Hill and
A. A. Krum, University of Arkansas for Medical Sciences. Guinea
pig, chicken, rabbit, and human erythrocytes were provided
by the Dapartmenl of Microbiology and Immunology, University of
a ’m A3 I Cal

Cell Enumerntion,

Monolayer cultures of BGM/MV cells were trypsinized, sus-
pended in EMEM, and cells were ted using a Sp hema-
cytometer.

Hemadsorption Assay,

Hemadsorption assays were performed using the procedure of
Menna et al. (1975a). Briefly, cell cultures were washed three times
in EMEM, and then were incubated at room temy e for 60 min
with an appropriate volume of a 0.5% Rhesus monkey erythrocyte

suspension prepared in EMEM. The cell cultures were then washed
three times with EMEM and were observed microscopically (100 x)
for adherent erythrocytes. Cells with three or more adherent erythro-
cytes were considered HAD-positive. The degree of hemadsorption
was quantified in repli of three cul and the mean percent
HAD-positive cells was determined.

Hemadsorption-Inhibition (HADI) axsay.

Hemadsorption-inhibition assays were performed using the pro-
cedure described by May and Menna (1979) to determine the specif-
icity of the adsorption of Rhesus monkey erythrocytes to the plasma
membranes of BGM/MV cells. Cultures of BGM/MV, BGM, and
BGM cells lytically-infected with the MV-500E strain of measles
virus, were washed three times with EMEM. Then | ml vol of

uch assay, (0 assess the utivily of the anti-measles virus antiserum,

tive I was ¥ liel, which d of BGM
cslh Iytically-infected with the MV-500E strain of measles virus and
uninfected BGM cells. Following incubation, all of the cultures were
washed for 20 min in cold PBS to remove unreacted antiserum. The
cultures then were treated with FITC-labeled goat um to
h IgG and i d at 4° C for 20 min. The cell cultures were
washed in cold PBS for 10 min, the caverslips were mounted in
buffered glycerol (1 part glycerol to 9 parts PBS), and the cells were
observed for membrane immunofluorescence using a Zeiss micro-
scope equipped with a fluorescence epi-illuminator.

Immunoflluorescence Assay lor Intracellular Antigens,

The indi hod of i il was used for detect-
ing SV-5 antigens in BGM/MYV cells. BGM/MV cells grown on 9 X
22 mm coverslips were fixed in acetone at 4° C for 10 min, Following
fixation, the coverslips were air dried at room temperature and
washed for 5 min in cold PBS. Appropriately diluted rabbit antiserum
to SV-5 antigens was then added to the cell monolayers, and the cul-
tures were incubated for 30 min at 37° C. Additional acetone-fixed
monolayers of BGM/MV cells were assayed in parallel, using pre-
Immune rabbit serum and PBS alone. Also, in each assay, a virus

isting of SV-5-inf, d BGM cells and a negative-control
consisting of uninfected BGM cells were assayed in pmllal Follow-
ing incubation, the cell mmllym were washed for 20 min in cold
PBS and t d with i diluted FITC-labeled goal antisera
to rabbit IgG for 30 min at 37° C. Then, they were washed for 20 min
in cold PBS, mounted in buffered glycerol, and observed using a
Zeiss micr pe equipped with a fi epi-illumi

Assay of Cell Viability.

Viability of BGM/MV cells was assessed uml; |hu trypan b-lue
(Sigma Chemical Co., St. Louis, MO.) exel B pr e
of Merchant et al. (1964).

RESULTS

Although spontaneous HAD activity occurred during both the
cytopulhh: and non-cytopathic phases of the cyclic expression of the
measles v'l.rus mfectmn of tllt BGM/MYV cells, only the non-cyto-
pathic ph were in 1. This was itated by the difficul-
ty in qulnnfylng cells dunng periods of syncytial cell expression. The
results of a representative experiment demonstrating the inverse rela-

\'l.rﬁng dllullnns of heat-inactivated (56° C for 30 min) African green

um to les virus antigens was added to replicate
cu!lnm of each series. As controls, replicate cultures of each series
were treated with pre-immune African green monkey serum or were
mock-treated with EMEM. The cell cultures were then incubated for
1 hr at 37° C, washed three times with 1 ml volumes of EMEM, and
an HAD assay employing Rhesus monkey erythrocytes was carried
oul as described above.

Membrane Immunofluorescence Assay.

. ¢ A 1

BGM/MV cells were yed for
virus antigens using the procedure of Menna et al. (1975a). Briefly,
unfixed BGM/MV cells, grown on 9 % 22 mm coverslips (Belleo
Biological Glassware, Vineland, N.J.) were rinsed three iimes with
phosphate buffered saline (PBS, pH 7.2) and were then treated for 30
min at 4° C with a 1:10 PBS dilution of African green monkey anti-
serum to measles virus antigens (heat-inactivated, 56° C for 30 min).
As controls, BGM/MV cells treated with pre-immune African green
monkey antiserum, or with PBS alone, were assayed in parallel, In

hip between cell number and the spontaneous adsorption of
Rhesus monkey erythrocytes are shown in Figure |.

BGM/MV cells were seeded at a ion of 2.5 X 10" cells
per ml, and the cultures were incubated at 37° C in an atmosphere of
5% COy. At daily intervals for four days, replicates of three cultures
were harvested for total cell determination, and three cultures were
harvested for determination of the percent hemadsorbing cells,
Greater than 99% of the BGM/MV cells adsorbed Rhesus monkey
erythrocytes during the initial 48 hrs post-seeding (PS). Further incu-
bation of the cells at 37° C resulted in an increased number of cells
and a pronounced decrease in HAD activity. At 72 and 96 hrs PS,
successive doublings occurred ially in the ber of cells while
the HAD activity had decreased to 20% and <1%, respectively. Cell
viability at all times was >95%.

The apparent association of cell growth d v with the expression
nl’ cell surface receptors lor Rhesus monkey emhrocy!a was further

igated by paring the growth rate and HAD activity of
BGM!M\F cells grown at 33° C and 17° C. BGM/MV cells were
seeded at 8 % 10* cells per ml. One-halfl of the cultures were incu-
bated at 37° C in an atmosphere of 5% COy; the remaining cultures,
in an identical atmosphere at 33° C. At daily intervals thereafter for
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five days, three cultures from each series were harvested for enumer-
ation of cells and three for HAD assay. The results of this experiment
are shown in Figure 2. Cells grown at 33° C replicated at a slower rate
and had an elevated HAD activity for an extended period of time
when compared with cells grown at 37° C. At 96 hrs PS, <1% ol the
cells grown at 37° C were HAD-positive, whereas > 9% of the cells
grown at 33° C were positive. At 120 hrs PS, the HAD activity of the
cultures grown at 33° C had decreased by approximately 75% from
the level observed during the initial 96 hrs PS.

To determine if the spontaneous HAD activity was measles virus-
specific, an HADI assay was performed using heat-inactivated (56° C

for 30 min) African green monkey serum directed against measley
virus antigens. Treatment of replicate monolayers of BGM/MYV celly
at 24 hrs PS for | hr at 37° C with the monkey anti-measles serum
failed to block or reduce the adsorption of Rhesus monkey erythro-
cytes to the cells. But the antiserum blocked the adsorption of
Rhesus monkey erythrocytes to the parent BGM cells which were
Iytically-infected with the MV-500E strain of measles virus. To
further document that the HAD activity was not mediated by measles
virus hemagglutinin, BGM/MYV cells were examined daily PS for four
days for the presence of phsma membmamhtad measles vh-u;
lnngeu by the indi fluor assay pr

§

Total calls per m! x 1000
3
1
T
g
Parcent HAD

50+

T T T i 0
Im 24 48 T2 96 120
Hours post - seeding
Figure 1. The number of cells per ml and the percent of cells
adsorbing Rhesus monkey erythrocytes during the growth of
BGM/MYV cells. BGM/MV cel.ll were ul:d:d at 2.5 X 104 cells s per

fixed cells. No correlation was observed between the
cell dmly-lnocumd HAD activity of the cells and mmbnne im-
. for the p of cells sp ly expressing

antigen failed to Ilucmlte mth time PS.

To further ck ive the noD Lis it PR
dependent HAD activity of BGM/MYV cells, cnmplrltlvc ad.larplion
studies were performed using the parent uninfected cell line,
BGM/MV and BGM cells were ation of 2.5 x
10* cells per ml and the cell cultures were incubated at 37° C in an
atmosphere of 5% COs. At 24 and 96 hrs PS, standard HAD assays
were performed using replicates of three cultures of each cell line per
species of erythrocyte tested. These erythrocyles were guinea pig,
chicken, human group-O, rabbit, and Rhesus monkey. The resulis of
this experiment are shown in Table |. BGM/MV cells adsorbed only
two species of erythrocytes, Rhesus monkey and human group-O,
and only llZlthS In:untrm thepmmt BOMcelllme adwrbeﬂ
all species of erythrocyt i
lhnﬂwpnut BGM cell line llsusdmbedl!huus monkey eryuuu-
cytes inversely to the time PS, and presumably inversely to cell
number,

Guinea pig and chicken erythrocytes failed to adsorb to the
BGM/MYV cells at 24 hrs PS, a time at which >99% of the cells were
capable of adsorbing Rhesus monkey erythrocytes. This failure sug-
gested that the cell density-dependent HAD of Rhesus monkey
erythrocytes by BGM/MV cells was not due to contamination with
SV-5, a virus that will induce the HAD of both guinea pig and

ml in growth medium and were incubated at 37° C in an phere
of 5% COs. All points represent the mean of three replicates; 8 — e,
total number of cells per ml; 0—0, percent HAD-positive cells.

] L 1 i

. b A A 100

250
§ 78
8 _
o )
3 3
§ 1501 b 50 E
§ :
= b 2s

50 -
“'" T T T 1 0
el 24 48 12 96 120

Hours pos! - seeding

Figure 2. Comparison of the rate of growth and the capacity to ad-
sorb Rhesus monkey erythrocytes of BGM/MV cells grown at 33° C
and 37° C. All points represent the mean of three replicates; o —e,
total cells per ml at 37° C; 0—0; percent HAD-positive cells at 37° C;
A—A total cells per ml at 33° C: A — A percent HAD-positive cells
at33°C.

hick nrylhmcytu {W’hiw 1962). This contention was further sup-
ported by indi nssays for SV-5 antigens in
BGM/MYV cells, No 5V-5 antigens were detected when the cells were
assayed at various times PS.

Since cells contaminated with mycoplasma have been shown
capable of inducing HAD (Berg and Frothingham, 1961), living
BGM/MV cells and spent-culture medin from two passage levels
were submitted to Flow Laboratories (Rockville, MD) for myco-
plasma analysis, No mycoplasma were detected using the agar plate
and Hoechst staining method.

The age of the indicator erythrocytes used in HAD assays is im-
portant for specificity. Dowdle and Robinson (1966) reported non-
viral mediated HAD of guinea pig erythrocytes o confluent mono-
layers of primary Rhesus monkey kidney cells when using eryth-
rocytes stored for more than 72 hrs at 4° C in PBS, In our studies the

Table 1, Adsorption of erythrocytes to BGM/MYV and BGM cells
PERCENT HAD

ERYTHROCYTES sy Ba

24 HRS 96 HRS 24 HRS 96 HRS
Rhiesus Monkey >99 <1 60 15
Taman Grp. O 45 <), <1 15
Guinea Pig <1 <1 <1 <1
Chicken <1 <1 30 90
Rabbit <1 <1 40 90
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Table 2. Induction of HAD activity in BGM/MYV cells by fetal calf
L]

serum
FERCENT FETAL PERCENT HAD
CALF SERUM (VOL/VOL)

0 <1

5 10

10 30

15 60

20 20

M nrslicai 1

layers of BGM/MV cells were treated
with various concentrations of fetal calf serum ivol/vol) in growth
medium for 24 hours at 37° C and an HAD assay employing Rhesus
monkey ervthrocytes was performed on replicates of three cell
monolayers per fetal call serum concentration. Each value represents
the mean percent HAD activity. HAD values at each fetal calf serum
concentration varied <5%.

adsorption of Rhesus monkey erythrocytes occurred using freshly ac-
quired blood and decreased as a function of increasing BGM/MV
cell number using the same lots of erythrocytes.

Experiments were performed to further substantiate that the non-
measles virus mediated adsorption of Rhesus monkey erythrocytes to
BGM/MYV cells was related to a phase of cellular metabolism not
associated with the resting cell. To this end, confluent BGM/MYV cell
monolayers were treated with varying amounts of FCS, a complex
biological material known to stimulate cell division in resting
confluent monolayers of contact-inhibited cells (Temin, et al., 1972),
Treatment of confluent s of HAD-negative BGM/MV
cells with EMEM suplemented with varying amounts of FCS for 24
hrs at 372 C resulted in increased HAD of Rhesus monkey erythro-
cytes relative to the amount of FCS present (Table 2). The FCS-
induced HAD activity was similar to the cell density-dependent HAD

activity in that it could not be blocked hy key -..:. les virus
serum and the percent of cells with inted

virus antig d'ld not i ‘when the cells were analyzed
by b i nssay.

DISCUSSION

While several other reports of non-viral mediated HAD activity
have been published (Franks et al., 1963; Kano and Milgrom, 1965;
Neuman and Tytell, 1965) the present report is the first documenting
a cell density-dependent, HAD.

Characterization of the cell density-dependent HAD manifested by
BGM/MV cells indicated that it was not due to measles virus hemng-
glutinin or to contamination of the cells with 5V-5 or mycoplasma,
These observations suggested that the receptor(s) mediating the at-
tachment of the Rhesus monkey erythrocytes is coded for by a cellular
gene(s) and are further supported by the observation that the parent
uninfected cell line, BGM, also adwrbed Rhesus monkey erythrocytes
Also, BGM/MYV cells

in an apparent cell density-deg fashi
_lﬂlofbhumangmupon, yies in a cell density-dependent fash-
ion, cells not capable of in ing with les virus hemagglutinin
(Waterson, 1965).

A dose-r lati p was shown between FC5 concentra-

tion and the perr.enl indu:ﬁou of HAD in confluent monolayers of

Tllu e:prumcm of specific cell surface antigens and receptors us a
i of ph of the cell growth cycle have been re-
ported by others. Thomas (1971) found that the expression of B and
H blood group antigens on the surface of cultured mouse PB15Y cells
was cyclic in nature. Resting cells were negative for the B antigen and
positive for the H antigen, while actively replicating cells were B anti-
gen poauiva and negative for the H antigen. It was also found that
phy gelutinin stimulation of (BALB/C) lymphocytes
r d in the expression of the B antig

The agglutination of normal 3T3 mouse fibroblasts by concanavalin
A was found to be cell cycle-dependmt by Collard et al. I9‘?5} mcl to
occur only in cell mitosis. The aggluti of
of transformed 3T3 cells, however, was ml:hnnm in G1 and in mito-
sis.

Our experience with the BGM/MYV cell line suggests that HAD,
especinlly if present in cell lines persistently-infected with virus,
should be confirmed as viral specific by serological assay. Two types
of HAD of Rhesus monkey erythrocytes have been observed in
BGM/MYV cells: 1) HAD activity which can be serologically shown
to be measles virus-specific (Menna et al., 1975a; Flanagan and
anl 1976; May and Mcum 1979); and 2) an inherent HAD

y which is non in and is apparently associated
with thc cell-growth cycle.
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