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Abstract

We previously demonstrated that human embryonic mesenchy-
mal cells derived from the palate (HEMP cells) retain alkaline
phosphatase (ALP) content and capacity for collagen synthesis
after long-term culture, and their growth is markedly stimulated
by epidermal growth factor (EGF). There was a dramatic de-
crease in ALP content and capacity to synthesize collagen in
HEMP cells (HEMP-RY cells) persistently infected with rubella
virus (RV). EGF increased ALP activity and decreased collagen
synthesis in HEMP cells, whereas EGF showed no effect on
these activities in HEMP-RYV cells. Growth of HEMP-RY cells
was slightly reduced compared with that of HEMP cells. EGF
stimulated growth of HEMP cells and to a lesser extent of
HEMP-RYV cells. Binding of '*I-EGF to cell-surface receptors
in HEMP-RY cells was, to our surprise, twice as much as that
in HEMP cells. However, internalization of bound '**I-EGF in
HEMP-RY cells was profoundly diminished. Thus, persistent
RV infection causes not only changes in HEMP cell growth and
differentiation but a decrease in or loss of HEMP cell respon-
siveness to EGF. The effects of persistent RV infection on palatal
cell differentiation as well as growth may be responsible for the
pathogenesis of congenital rubella. Furthermore, since HEMP
cells appear to be closely related to osteoblasts, these results
suggest a mechanism for RV-induced osseous abnormalities
manifested in congenital rubella patients.

Introduction

Since the first report described by Gregg in 1941 (1), much at-
tention has been paid to the teratogenic and pathogenic effects
of rubella virus (RV).! Clinical studies on wide-spread and vir-
ulent rubella epidemics that occurred throughout the United
States in 1964 (2, 3) have indicated that RV is one of the most
dangerous viruses that affects developing fetuses to cause con-
genital malformations. The virulence of RV was emphasized by
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the experiments of Cotlier et al., who found that maternal in-
fection with RV results in an induction of congenital rubella
diseases in rat embryos and newborns similar to those seen in
human (4). Severe clinical manifestations such as heart disease,
eye defects, and deafness may be first noted in infancy (5) and
it is likely that these manifestations resulted from the effects of
RV on the developing fetus during a critical period of organo-
genesis. However, little is known of the mechanisms by which
RYV induces these malformations, partly because a suitable in
vitro experimental system has not been developed.

We have recently isolated human embryonic mesenchymal
cells from palate cells (HEMP cells) (6). We have found that the
cells possess specific receptors for epidermal growth factor (EGF)
and their growth is markedly stimulated by EGF (6, 7). Fur-
thermore, recently we have found that HEMP cells show in-
creasing alkaline phosphatase activity (ALP) after confluency
and synthesize type 1 collagen (8), similar to cells with the ma-
ture osteoblast phenotype. These results suggest that HEMP cells
provide a useful model for biochemical studies on the effects of
persistent RV infection on cellular growth and differentiation.

In the present experiments, we first attempted to establish
HEMP cells persistently infected with RV (HEMP-RYV cells) in
culture. We then studied their biochemical properties in com-
parison with those of uninfected HEMP cells in an attempt to
gain insight into the mechanisms responsible for RV-induced
diseases that occur in human embryos and newborns.

Methods

Culture of HEMP and HEMP-RV cells. HEMP and HEMP-RYV cells
were grown in Dulbecco’s modified Eagle’s medium (DME; Nissui Phar-
maceutical Co., Tokyo, Japan) supplemented with 5% (vol/vol) heat-
inactivated fetal bovine serum (FBS; Gibco, Grand Island, NY) and 1%
(vol/vol) penicillin-streptomycin solution (Flow Laboratories, North
Ryde, Australia) in a humidified atmosphere containing 95% air and 5%
CO, at 37°C. The culture medium was changed every 2 d. When the
cells became confluent (10-14 d after inoculation) they were harvested
with 0.05% trypsin-0.02% EDTA solution, and subcultured at a split
ratio 1:3 and were grown as described above (9). In the following ex-
periments, HEMP cells at the 10th to 20th passage were used.

Virus and virus assay. RV-strain M-33 was plaque purified and
propagated on BHK 21/WI-2 cell cultures in DME supplemented with
5% calf serum. The culture medium was harvested at ~5 d postinfection,
centrifuged, and stored at —70°C as the virus stocks until used. The
infectious viruses were assayed by plaque forming ability on BHK 21/
WI-2 cell monolayers (10). The cells were plated onto plastic dishes (Fal-
con Plastics, Div. of Becton-Dickinson & Co., Los Angeles, CA) at a
density of 105/60-mm dish and incubated in a humidified atmosphere
containing 95% air and 5% CO, at 37°C. Confluent cell monolayers
formed after 2 d of incubation were infected with virus samples in serial
10-fold dilutions. After adsorption for 2 h at 37°C, the cultures were
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washed once with DME, overlaid with the same fresh medium containing
0.7% Agar Noble (Difco Laboratories, Detroit, MI) and incubated for 6
d at 37°C. Plaques formed were stained with 0.3% neutral red solution
in Dulbecco’s phosphate-buffered saline (PBS) (11) and counted.

Detection of viral antigens by indirect immunofluorescence antibody
technique. RV-infected and uninfected cells grown on coverslips at 37°C
were washed three times with PBS and fixed in acetone for 15 min at
4°C. The coverslips were air-dried and then mounted with anti-RV rabbit
antiserum (Flow Laboratories, Rockville, MD) diluted 1:10 in PBS. After
incubation for 60 min at 37°C, the coverslips were washed extensively
with PBS and incubated with fluorescein isothiocyanate-conjugated anti-
rabbit IgG swine antiserum (Dakopatts A/S, Denmark) for 60 min at
37°C. The coverslips were washed three times with PBS and subsequently
mounted in 90% (vol/vol) glycerol-carbonate buffer (pH 9.4) and
examined on fluorescence microscope (type ELS, Nikon, Tokyo,
Japan) (12).

Cell division. HEMP or HEMP-RYV cells were plated at a density of
2 X 10%/17-mm dish in DME supplemented with 5% FBS. On the next
day, the medium was replaced by serum-free DME supplemented with
or without EGF (10 ng/ml) and the cells were grown for 4 d. The medium
was changed every 2 d. The cells were harvested with 0.05% trypsin-
0.02% EDTA solution and stained with 0.05% trypan blue. Counting of
the cells that excluded the dye was performed on a hemocytometer.

DNA synthesis. HEMP or HEMP-RYV cells were plated at a density
of 2 X 10*/17-mm dish and cultured in DME supplemented with 5%
FBS until they became subconfluent (5-7 d). The cells were then incu-
bated in serum-free DME supplemented with or without EGF (10 ng/
ml) for 48 h. For the last 4-6 h of incubation, the cells were labelled
with 1 uCi/ml [*H]thymidine (90-110 Ci/mmol, New England Nuclear,
Boston, MA) in fresh serum-free DME. At the end of the incubation,
the cells were rinsed twice with ice-cold PBS and treated with 5% tri-
chloroacetic acid (TCA) for 30 min at 4°C, washed twice with ice-cold
TCA and once with ice-cold methanol and were solubilized with 1 M
NaOH. Radioactivity was counted in a liquid scintillation spectrometer
(LKB Instruments, Inc., Gaithersburg, MD) (9).

Alkaline phosphatase (ALP). After the cells (2 X 10°/17 mm) were
cultured and incubated for periods as indicated in DME supplemented
with 5% FBS and containing 5 mM glycerophosphate or in serum-free
DME containing 5 mM glycerophosphate in the presence or absence of
EGF (Collaborative Research, Waltham, MA), they were scraped with
a rubber policeman in 0.5 ml distilled water and sonicated. ALP activity
was assayed according to the method of Majeska and Rodan (13) which
was modified from Lowry (14). The assay mixtures consisted of 0.1 M
carbonate buffer (pH 10.0), 2 mM MgCl,, 2 mM disodium P-nitro-
phenylphosphate (Wako Pure Chemical Industries, Co., Osaka, Japan),
and 1-1.5 ug protein (25 ul) in a total volume of 0.2 ml. The incubations
were carried out for 20 min and terminated by the addition of 0.8 ml
of 0.25 M NaOH and absorbance was read at 410 nm.

Mineral deposition. HEMP or HEMP-RYV cells (2 X 10%/17-mm dish)
were cultured in DME supplemented with 5% FBS for 10 d. Confluent
phosphate for 15-20 d and then were stained by the von Kossa silver
nitrate method (15).

Collagen synthesis. HEMP or HEMP-RYV cells (2 X 10°/17-mm dish)
were cultured in DME supplemented with 5% FBS for 10 d. Confluent
HEMP or HEMP-RYV cells were cultured in serum-free DME supple-
mented with 50 ug/ml ascorbic acid (Wako Pure Chemical Industries,
in the presence or absence of EGF (10 ng/ml) for 48 h and were incubated
for 2 h in the same fresh medium containing 5 xCi/ml L[*H]proline (100
uCi/mmol, New England Nuclear) and 64 ug/ml S-aminopropionitrile
fumarate (Tokyo Chemical Industries, Co., Tokyo). The cell layer was
scraped with rubber policeman, sonicated, dialyzed against 0.15 M NaCl,
0.05 M Tris-HCl (pH 7.4) containing 1:7 mM phenylmethylsulfonyl
fluoride (Calbiochem-Behring Corp., La Jolla, CA) and 1 mM L-proline

(16) and digested with chromatographically purified bacterial collagenase
(type 111, Worthington Diagnosis Systems Inc., Freehold, NJ) for 3 h at
37°C(9). We confirmed that the collagenase used had no protease activity
according to the method described (17). The reaction was stopped by
adding 10% TCA and 10% tannic acid (Wako Pure Chemical Industries,
Co.) and the reaction mixture was kept at 4°C for 30 min, centrifuged
at 1,500 g for 15 min and the supernatants were transferred to counting
vials. The precipitates were resuspended in 5% TCA and 0.25% tannic
acid, recentrifuged, and the supernatants were combined with the first
supernatants and their radioactivity was measured (collagenous protein).
The precipitates were solubilized with 0.5 M NaOH and their radioactivity
was counted (noncollagenous protein). Percent collagen synthesized was
calculated by the formula described (18).

EGF receptor assay. Specific '*’I-EGF binding to HEMP or HEMP-
RYV cells was measured as described previously (6). After HEMP or
HEMP-RY cells (2 X 10%/17-mm dish) were cultured for 10 d in DME
supplemented with 5% FBS, the culture media were aspirated and the
cells were gently washed twice with 1 ml of binding buffer (DME con-
taining 1 mg/ml bovine serum albumin, 50 U/ml penicillin, 50 ug/ml
streptomycin, and 25 mM N, N,-bis-(2 hydroxyethyl piperazine-2-ami-
noethanesulfonic acid at pH 7.4) at 4°C and subsequently 1 ml of binding
buffer was added to each dish. 0.05-0.5 xCi of '*’I-labeled mouse EGF
(150-200 uCi/g, New England Nuclear) in 10 ul of PBS was then added
and the cells were incubated for 1 h at room temperature. At the end of
incubation, the cells were washed five times with 1 ml of binding buffer
at 4°C to remove unbound '*I-EGF and solubilized in 1 ml of lysing
buffer (0.1 M Tris-HCl, pH 7.4 containing 0.5% sodium dodecy] sulfate
and 1 mM EDTA) and rinsed with 1 ml of lysing buffer. The combined
contents were transferred to counting vials and radioactivity was counted.
Nonspecific binding was determined in the presence of 2 ug of unlabeled
mouse EGF and was always <5% of the total binding. Specific binding
was obtained by subtracting nonspecific binding from total binding.

!3I_EGF internalization. The extent of EGF internalization was de-
termined by the method of Haigler et al. (19). Cultures were incubated
with 0.2 Ci of '*I-EGF for short periods of time at 37°C to allow mem-
brane-bound '*I-EGF to internalize. After removal of the unbound EGF
by rinsing with 1 ml ice-cold binding buffer, the cultures were extracted
at 4°C for 4 min with 0.2 M acetic acid and 0.5 M NaCl (pH 2.5). Each
plate was rinsed once with the same buffer. The cells were then solubilized
by | ml lysing buffer. Radioactivity in the acid and the lysing buffer was
counted separately and represents the amount of externally bound and
internalized 'I-EGF, respectively.

Protein. Protein was measured by the method of Lowry et al. (20)
using bovine serum albumin (Sigma Chemical Co., St. Louis, MO) as a
standard.

Statistics. Data were analyzed by Student’s t test for unpaired samples.

Results

Establishment of HEMP-RV cells. When HEMP cells were in-
fected with RV at a multiplicity of infection of 0.1, they sup-
ported RV replication and produced infectious viruses at a titer
of 10* plaque-forming units (pfu)/ml at 4 d postinfection with
a slight cytopathic effect. After 1 mo cultivation, infected HEMP
cells were maintained in stable culture and grew with a spon-
taneous release of infectious virus particles into the culture me-
dium. Indirect immunofluorescent antibody staining showed the
presence of RV specific antigens in the cytoplasm of HEMP
cells (Fig. 1). These findings show that the HEMP cells were
persistently infected with RV, and so they were designated as
HEMP-RY cells. HEMP-RYV cells consistently produce infectious
virus particles at a titer of 10>-10* pfu/ml. HEMP-RV cells

Figure 1. Indirect immunofluorescent antibody staining of HEMP cells persistently infected with RV. HEMP-RYV cells were stained with preim-
mune rabbit IgG (4) or anti-RV rabbit antiserum (B) as described in Methods. Note that fluorescence is absent in 4 and present in cytoplasm

in B.
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Figure 2. Phase-contrast microscopy of HEMP (4) and HEMP-RYV cells (B). Cells were plated and cultured as described in
Methods for 14 d. HEMP-RYV cells show an elongated and enlarged shape and regular cell arrangement when compared with
HEMP cells. Photographs were taken at a magnification X 100.
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demonstrated an elongated and enlarged shape when compared
with HEMP cells (Fig. 2), which differs from the previous
report (21).

Effect of EGF on HEMP and HEMP-RYV cell growth. In a
preliminary experiment, we have found that stimulation of
HEMP cell growth by EGF is maximal at a concentration of 10
ng/ml (data not shown). As shown in Fig. 3 4, the growth rate
of HEMP-RV cells was almost identical to that of HEMP cells,
but cell density was slightly reduced. EGF stimulated cell division
of HEMP and HEMP-RYV cells by 2.2- and 1.5-fold, respectively.
Similarly, EGF increased DNA synthesis of HEMP and HEMP-
RV cells by 5.7- and 3.5-fold, respectively (Table I).

Effect of EGF on ALP activity in HEMP and HEMP-RV
cells. ALP activity in HEMP cells increased markedly at 10 d
in culture when their growth became stationary and, at 30 d,
reached 30 times of that in the cells at plating (Fig. 3 B). The
von Kossa stain of these cultures demonstrated the presence of
spotlike mineral deposition (Fig. 4 4). ALP activity in HEMP
cells markedly increased in response to EGF (Table II). On the
other hand, ALP activity in HEMP-RYV cells remained low dur-
ing the entire culture period (Fig. 3 B). In parallel with this,
HEMP-RYV cultures stained negatively with the von Kossa stain
for mineral deposition (Fig. 4 B). Furthermore, the enzyme ac-
tivity showed no change after incubation with EGF (Table II).

Effect of EGF on collagen synthesis by HEMP and HEMP-
RV cells. HEMP cells synthesized significant amounts of collagen
and EGF inhibited it (Table II). Collagen synthesis by HEMP-
RYV cells was one-third of that by HEMP cells and was unchanged
in the presence of EGF (Table II). There was no difference in
noncollagenous protein synthesis between HEMP and HEMP-
RV cells. EGF had no effect on noncollagenous protein synthesis
(data not shown). At all concentrations of EGF examined (0.5-
40 ng/ml), we have found impaired or loss of responsiveness to
EGEF as assessed by cell growth, ALP activity, and collagen syn-
thesis in HEMP-RV cells (data not shown).

15].EGF binding and internalization in HEMP and HEMP-
RV cells. As reported previously (6), '2°I-EGF specifically bound
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Figure 3. Relationship between growth (4) and ALP activity (B) in
HEMP and HEMP-RYV cells. HEMP and HEMP-RYV cells (2 X 104/
17 mm) were plated and cultured in DME supplemented with 5% FBS
for the periods indicated. The culture medium was changed every 2 d.
Each point represents mean+SEM for four dishes.

Table 1. Effect of EGF on Growth

of HEMP and HEMP-RV Cells

Cell number* DNA synthesist

(10%17-mm dish) (dpm/mg protein X 107%)
Treatment HEMP HEMP-RV mP HEMP-RV
None 3.9+0.3 3.0+0.2" 52;7 39+4!
EGF 85:05§ 4.410.2§" 294+30§ 138+14§"

Values are mean+SEM for six determinations.

* HEMP or HEMP-RYV cells were plated at a density of 2 X 10%/17-

mm dish in DME supplemented with 5% FBS. On the next day, the
medium was replaced to serum-free DME supplemented with or with-

out EGF (10 ng/ml) and the cells were grown for 4 d. The cell number

in each dish was counted as described in the text.

1+ HEMP or HEMP-RYV cells were plated at a density of 2 X 10417-

mm dish and cultured in DME supplemented with 5% FBS until they

became subconfluent (5-7 d). The cells were then mcubated in serum-

free DME in the presence or absence of EGF (10 ng/ml) for 48 h.

DNA synthesis was determined as described in the text,

§ Significantly different from untreated group (P < 0.01).

I Significantly smaller than uninfected HEMP cells (P < 0.05).

to HEMP cells (Fig. 5 A). Scatchard analysis of the binding data
revealed that the affinity and capacity of the binding of '*I-EGF
to HEMP cells is 1.1 X 107'° M and 100 fmol/mg protein, re-
spectively (Fig. 5 B). In HEMP-RV cells, the affinity of the bind-
ing was decreased to 1.9 X 107'° M, but the capacity was in-
creased twofold of that of HEMP cells (Fig. 5 B). Internalization
of 'I-EGF as measured by the amount of radioactivity resistant
to acid extraction was significantly lower in HEMP-RV cells
than that in HEMP cells (Fig. 6 B).

Discussion

It is generally recognized that in vitro establishment of persistent
RYV infection in primary cell cultures of human embryonic origin
is difficult. Although there are several reports that describe es-
tabhshment of diploid cells in RV carrier states, these cells were
isolated from cogenitally mfected human embryos and infants
and showed comparably slow growth and limited life span (22—
25), and were therefore unsugtable for extensive study of the
pathogenesis of the rubella syndrome. Since epidemiological and
serovirological studies suggest that the congenital rubella syn-
drome is due to chronic or persistent infection of human embryos
with RV, establishment of a suitable RV-infected embryonic
cell line of human origin with functional markers of differentia-
tion and growth is essential to elucidate the precise mechanism
of viral pathogenesis. As mentioned previously, HEMP cells were
isolated from a human embryo and are diploid and in primary
culture because of their limited life span. However, these cells
grow well in culture and, more importantly, possess biochemical
markers associated with not only cell growth but differentiation
including high ALP activity, collagen synthesis, and responsive-
ness to EGF. We have successfully established HEMP cells per-
sistently infected with RV (HEMP-RYV) that grow stably with
consistent production of RV particles and have subcultured >20
cell passages successively without fail. Thus, we feel that HEMP-
RV provide a useful model system for the study of the mecha-
nisms involved in the rubella syndrome.

Persistent infection of HEMP cells with RV resulted in

Persistent Rubella Virus Infection in Human Embryonic Cells 1617



Figure 4. Von Kossa stain of HEMP (4) and HEMP-RYV (B) cells (2 X 10°/17 mm) cultured for 2 wk in the presence of 5 mM
beta-glycerophosphate. Note that dark black stain which répresents mineral deposition is present in 4 and absent in B. Photo-
graphs were taken at a magnification X 40.
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Table II. Effect of EGF on ALP Activity and
Collagen Synthesis in HEMP and HEMP-RV Cells

ALP activity* Collagen synthesist

(#mol/mg protein/h) (% collagen synthesized)
Treatment HEMP HEMP-RV HEMP HEMP-RV
None 48+5 181" 12.3+1.0 4.3+0.3!
EGF 102+10§ 1710 6.3+0.4§ 4.6+0.4"

Values are mean+SEM for six determinations.

* HEMP or HEMP-RYV cells were plated at a density of 2 X 10%/17-
mm dish and cultured in DME supplemented with 5% FBS for 10 d.
The cells were then incubated in serum-free DME in the presence or
absence of EGF (10 ng/ml) for 48 h and ALP activity in the cells was
measured. ALP activity in the incubation medium was <1/10 of that
in the cells and was not changed by EGF.

+ HEMP or HEMP-RYV cells were plated at a density of 2 X 10%/17-
mm dish and cultured in DME supplemented with 5% FBS for 10 d.
The cells were then incubated and collagen synthesis was assayed as
described in the text.

§ Significantly different from untreated group (P < 0.01).

I Significantly smaller than uninfected HEMP cells (P < 0.01).

marked decreases in ALP activity (Fig. 3 B) and collagen syn-
thesis (Table II) and loss of responsiveness to EGF with respect
to parameters associated with HEMP cell differentiation (Table
II). Furthermore, HEMP cell growth was also affected (Fig. 3
A), which is compatible with the previous reports (21, 25), and
stimulation of growth by EGF was impaired in HEMP-RYV cells
(Table I). It is likely that HEMP cells lose the capacity for dif-
ferentiation and show reduced growth under the influence of
persistent RV infection. Similar results were described by Old-
stone et al. (26), who employed a transformed cell line with
functional markers in their experiments. They found that per-
sistent infection of mouse neuroblastoma cells with lymphocytic
choriomeningitis virus caused decreased synthesis of choline
acetyl transferase and acetylcholine esterase. In addition to these
in vitro results, they have shown that in animals persistently
infected with the same virus, production and degradation of
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Figure 5. "*I-EGF binding to HEMP and HEMP-RY cells (4). Scat-
chard analysis of Fig. 5 4 (B). HEMP and HEMP-RYV cells (2 X 10/
17 mm) were cultured for 10 d and the binding of '>I-EGF to the
cells was determined as described in Methods. Each point represents
mean+SEM for four dishes.
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Figure 6. Internalization of bound '*I-EGF in HEMP and HEMP-RV
cells. Each point represents mean+SEM for four dishes.

acetylcholine were significantly altered (26). Recently, the same
virus has been shown to perturb endocrine function of pituitary
gland cells in experimental animals (27, 28). These in vitro and
in vivo findings led these workers to suggest that alterations of
cell functions by persistent virus infection might be implicated
in the mechanisms of virus-induced diseases. Furthermore, Van
Alstyne et al. have found that RV replication was activated when
rat glial cells differentiate into mature glia by treatment with
dibutyryl cyclic AMP and suggested that their findings might be
significant for better understanding of chronic and progressive
neurologic disortlers related to persistent RV infection in the
central nervous system (29). Very recently, the roles of reovirus
in the production of human disease has been also described (30).
Although we realize the hazards of correlating in vitro results
directly with in vivo events, nonetheless our results together with
previous reports (26-30) suggest that RV-induced diseases might
occur partly through direct RV influence on differentiated func-
tion and growth of cells as well as through defects of the immune
system caused by RV infection (31).

Tyler and Koch have demonstrated that palatal mesenchyme
of mouse embryo, when cultured under isolated conditions,
forms intramembranous bone, suggesting that palatal mesen-
chymal cells are related to osteoblast precursors (32). In the
present experiments, we have found that HEMP cells showed
increasing ALP content after confluency (Fig. 3. B) associated
with mineral deposition (Fig. 4 4) and synthesized collagen. Im-
munofluorescent staining of confluent HEMP cells showed that
collagen synthesized by the cells is mostly type I collagen.2 ALP
activity and type I collagen synthesis are well-accepted biochem-
ical parameters of osteoblastic activity (33) and bone formation
(34), respectively. In addition, ALP activity, collagen synthesis,
and cAMP content of HEMP cells were modulated by the os-
teotropic hormones parathyroid hormone, 1,25-dihydroxyvi-
tamin D;, prostaglandin E,, and calcitonin (9)?, indicating that
HEMP cells are responsive to these hormones. Thus, HEMP
cells are behaving in some ways like cells with the osteoblast
phenotype. We also found that EGF increased ALP activity in
HEMP cells (Table II), which is opposite to the data of Kume-

Persistent Rubella Virus Infection in Human Embryonic Cells 1619



gawa et al. (35) and, similarly to a previous report (36; 37),
inhibited collagen synthesis (Table II). EGF has been shown to
influence bone cell metabolism (34). It is, therefore, likely that
HEMP cells have some osteoblastic properties. Our findings of
no increase in ALP activity (Fig. 3 B), no mineral deposition
(Fig. 4 B), marked decrease in collagen synthesis, and loss of
responsiveness to EGF in HEMP-RYV cells are of particular in-
terest in view of the osseous abnormalities seen in congenital
rubella syhdrome. RV-induced congenital osteopathy consisting
of metaphyseal radiolucent lesion in long bones arid poor min-
eralization of the calvarium (5, 38-40) has been emphasized in
addition to the clinical manifestations described above. Heggie
reported that RV inhibited growth of human embryonic and
fetal rat bones in organ culture (41), raising a possibility that
RYV directly affects skeletal growth. Concentration of RV in car-
tilagenous tissues that presumably results in delayed ossification
and retarded bone growth has been also reported (42). Thus,
our findings together with these reports indicate that RV-induced
osteopathy is due to not only indirect nutritional and/or met-
abolic disturbances caused by RV infection in other organs but
the direct effect of RV on bone and cartilage cells. We, therefore,
would like to propose that alterations of growth and differentia-
tion of HEMP cells by persistent RV infection might be impli-
cated in the mechanism of the bone lesions seen in congenital
rubelld syndrome. .

Since the biological actions of EGF are mediated through
specific and high affinity membrane-bound receptors and we
already demonstrated that HEMP cells possess specific receptors
for EGF with high affinity (6), it is likely that impaired respon-
siveness of HEMP-RYV cells to EGF is due to alteration of EGF
receptor expression by RV infection. To our surpris¢, however,
the number of EGF receptors in HEMP-RYV cells was greater
than that in uhinfected counterparts (Fig. 5). Thus, there is an
apparent dissociation between EGF binding and EGF action in
HEMP-RY cells. Recently, a similar observation has been made
in streptozotocin-induced diabetic rats (43). In these rats, the
effects of insulin on the liver are diminished despite increased
insulin binding to its receptors (43). We have examined inter-
nalization of bound EGF in HEMP and HEMP-RYV celis and
found that internalization of bound EGF in HEMP-RYV cells is
profoundly réduced compared with that in HEMP cells (Fig. 6).
We speculate therefore that in HEMP-RV cells a process oc-
curring on the plasma membrane subsequent to binding but
before internalization might be altered by RV infection. Since
it is known that as a first step of viral infection, virus binds to
cell-surface receptors (30) and RV is known to be an enveloped
virus that buds from the plasma membrane in the replication
process (44), it is likely that persistent RV infection modifies
plasma membrane structure and function to interfere with bind-
ing of EGF and internalization of EGF-receptor complex. Thus,
we suggest that decreased responsiveness of HEMP-RYV cells to
EGF is, at least in part, due to reduced internalization of
bound EGF.

It is unknown whether the results obtained in HEMP-RV
cells are specific for RV infection. However, as mentioned earlier,
establishment of HEMP cells persistently infected with a virus
is difficult, and it is not unexpected that acute viral infection
results in alteration of HEMP cell growth and differentiation.
In addmon persistent infection of HEMP cells with an oncogenic
virus is unhkely to be related to the purpose of our present study,
since congenital RV disease is not a neoplastic disease. Fur-
thermore, HEMP-RYV cells failed to form colonies in semi-solid
agar or to form tumors when transplanted in athymic nude mice

1620 T. Yoneda, M. Urade, M. Sakuda, and T. Miyazaki

(data not shown), indicating that HEMP-RYV cells are not trans-
formed. Thus, it should be noted that our data were obtained
in nontransformed HEMP cells chronically infected with RV
with no cytopathic effects, providing an experimental model
more closely reflecting the in vivo situation of RV infection.
Although we did not examine the effect of other viruses on
HEMP celi growth and differentiation, we believe our findings
are of potential importance to an understanding of the mecha-
nism of virus-induced diseases.
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