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Abstract

Since blood-borne viruses often interact with endothelial cells
before tissue invasion, the interaction between viruses and endo-
thelial cells is likely to be important in viral pathogenicity. Two
reovirus isolates (type 1 Lang and type 3 Dearing) differ in
their capacity to grow in cultured bovine aortic endothelial
cells. The mammalian reoviruses have 10 double-stranded
RNAgene segments in their genome. By using 24 reassortant
viruses, observed differences in the capacity of different strains
to grow in cultured endothelial cells were mapped to the Ml
gene (P = 0.00019), which encodes the viral core protein g2.
No differences were detected in binding or proteolytic process-
ing of viral outer capsid proteins of parental virions between the
two reovirus isolates. Northern blot analysis showed a de-
creased production of viral mRNAin endothelial cells infected
with type 3 Dearing reovirus, but not type I Lang. Thus, we
have identified a viral gene (the Ml gene) responsible for de-
termining the difference in growth capacity of the two reovirus
isolates in cultured endothelial cells. Reovirus is an attractive
model in which to study the interaction of viruses with endothe-
lial cells at a molecular genetic level. (J. Clin. Invest. 1993.
92:2883-2888.) Key words: viral pathogenesis - myocarditis .
viral mRNA

Introduction

Endothelial cells may play a major role in determining viral
pathogenesis. First, since endothelial cells line the luminal sur-
face of blood vessels, to enter tissues blood-borne viruses must
first interact with and cross the endothelial barrier. Second,
some viruses are known to replicate in endothelial cells,
thereby altering cell functions (1).

Reoviruses have a genome composed of 10 double-
stranded RNAsegments. Because of the segmented nature of
the genome, it is possible to produce reassortant viruses con-
taining different combinations of gene segments derived from
parental viruses by co-infection of cells (2). Many natural iso-
lates of the three serotypes of reoviruses exist and exhibit differ-
ent biological properties. By analysis of reassortant viruses gen-
erated by mixed infections with two different isolates from

Address correspondence to Dr. Thomas W. Smith, Cardiovascular Di-
vision, Brigham and Women's Hospital, 75 Francis Street, Boston, MA
02115.

Received for publication 4 January 1993 and in revised form 19
July 1993.

these serotypes, it has been possible to identify the gene seg-
ments responsible for a number of these biological differences
(for reviews, see references 3 and 4).

In this report, we used this genetic approach to show that
the M1 viral gene encoding the ks2 viral core protein is responsi-
ble for the differing growth capacity of reoviruses (type 1 Lang
[T 1 ], which grows to a high titer, and type 3 Dearing [T3D],
which grows poorly) in cultured endothelial cells. A character-
ization of the T I L and T3D strains studied indicated that these
isolates do not differ with regard to cell binding, or uncoating
processing. However, the production of viral mRNAin the
cells infected by T3D is markedly decreased. Earlier studies
have shown that the Ml gene is associated with the differing
growth capacity of reoviruses in heart cells in vitro (5) and the
induction of myocarditis in vivo (6). Thus, these findings indi-
cate that the M1 gene may play a more general role in deter-
mining the capacity of reovirus to grow in differentiated tis-
sues.

Methods

Viruses and L cells. Mouse L929 (L) cells used for propagation and
titration of reoviruses were grown in suspension in the Joklik modifica-
tion of Eagle's minimal essential medium (MEM) supplemented with
2.5% FCS (Hyclone Laboratories, Logan, UT) and 2.5% viable serum
protein, as described previously (7). Reovirus serotypes Tl L and T3D
were from laboratory stocks (8), and the reassortant viruses used in this
study (EB series) were prepared as described by Brown et al. (9).

Cultured endothelial cells. Cultured bovine aortic endothelial cells
(BAECs)' and human umbilical vein endothelial cells (HUVECs)
were generously provided by Michael A. Gimbrone, Jr. (Department
of Pathology, Brigham and Women's Hospital, Boston, MA) and have
been characterized previously (10, 11 ). BAECswere serially passaged
in DME(Gibco Laboratories, Grand Island, NY) supplemented with
10% FCSand antibiotics ( 100 U/ml of penicillin, 100 ,gg/ml of strep-
tomycin). Cells from passages 10-20 were used in this study. HUVECs
were serially passaged in Medium 199 (M.A. Bioproducts, Bethesda,
MD) supplemented with 20%FCS, 50 ug/ml of endothelial cell growth
factor (Biomedical Technologies, Inc., Stoughton, MA), 100 ,ug/ml of
heparin (Sigma Chemical Co., St. Louis, MO), and antibiotics (100
U/ml of penicillin, 100 ,g/ml of streptomycin). Cells from passage
three were used in this study.

Infection of endothelial cells. 2 d after endothelial cells were plated
in 24-well clusters, two wells were trypsinized, and viable cells were
counted by the trypan blue exclusion method. Cells (0.8 x 105-1.6
X 105 cells/well) were infected at a multiplicity of infection (MOI) of
three and incubated for 90 min with intermittent rocking. Cells were
then washed three times, and DMEwith 1% FCS (for BAECs) or M
199 with 10% FCS (for HUVECs) were added. Infection was termi-
nated by freezing the clusters on the day indicated in Fig. 1 (day 0-4).

1. Abbreviations used in this paper: BAECs, bovine aortic endothelial
cells; HSV-1, herpes simplex virus 1; HUVECs, human umbilical vein
endothelial cells; PFU, plaque-forming units.
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Viral titer determination. Cells in 24-well clusters were frozen
(-70'C) and thawed (370C) three times and disrupted by sonication
(7). The viral suspensions were serially diluted in 10-fold steps in gel
saline and plated in duplicate on L-cell monolayers for plaque assays as
described previously ( 12). Viral titers were expressed as plaque-form-
ing units (PFU) per cell.

Radiolabeling of the virus. Radiolabeled viruses were prepared as
previously described ( 13) by infection (at an MOI of 10) of L cells (2.5
X 10 cells) with 700 seCi of[35S]methionine ( 1,100 Ci/mmol; ICN
Biomedicals, Irvine, CA), and were purified on equilibrium CsCl2 gra-
dients after trichlorotrifluoroethane (Freon) extraction, as previously
described ( 14). The specific radioactivity of viruses ranged from 1.2
x 105-3.8 x 105 particles/cpm ( 1.7 x 10'3-5.2 X 10'3 particles/ml).

Virus binding assay. BAECs were plated in six-well clusters (1.2
x 106 cells/well) in 2.5 ml of DMEand 10% FCS. The next day, the
medium was decanted, and the plates were chilled on ice for 10-20
min. 35S-Radiolabeled viruses were added at an MOI of 100 to achieve
104 particles/cell (the ratio of particle to PFUwas supposed to be 100
[ 3 ]). Viral attachment was allowed to proceed at 40C with intermittent
rocking and was terminated by washing the clusters with cold PBS five
times at the time indicated in Fig. 2 (0-120 min). Trypsin (0.05%) was
added to detach the cell monolayers from the plates, and the radioactiv-
ity of cell-bound viruses was counted with a Rackbeta liquid scintilla-
tion counter (LKB, Turku, Finland). The percentage of binding was
calculated by comparing the radioactivity of cell-bound viruses with

that of total viruses (inoculum) added to the wells ( 1.5 X 105-2.0 X 105
cpm/well).

Proteolytic processing of viral proteins. BAECswere plated in 100-
mmdishes (6.0 X 106 cells/dish) in 12 ml of DMEand 10% FCS. The
next day, 35S-radiolabeled virus was added as described for the binding
assay. After unbound inoculum was removed by washing, cells were
overlaid with DMEat 370C for the period indicated in Fig. 3 (0-6 hr).
Later steps for preparation of viral proteins and analysis of their proteo-
lytic processing with use of sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) were as described (13), except that a
longer incubation period (30 min) was used for lysis of the cells.

Northern blot analysis. Cells (BAECs or L cells) were plated on
100-mm dishes, and after confluence was reached, a dish was trypsin-
ized and viable cells were counted by the trypan blue exclusion method
(0.5 x 107-1.0 X 107 cells/dish). Cells were infected at an MOI of 10
and incubated for 90 min with intermittent rocking. The cells were
then washed three times, and DMEwith 1%FCSwas added. Prepara-
tion of RNAand Northern blot analysis were done by standard meth-
ods. Total RNAwas extracted from cultured cells by the guanidinium
isothiocyanate/CsCl2 method (15), and 100-150 jig of RNAwas
usually obtained from two dishes. Total RNA(10 Aeg/lane) was dena-
tured with formaldehyde and formamide, size-fractionated in a 1.3%
agarose/ 1.5% formaldehyde gel, transferred to a GeneScreen Plus
membrane (DuPont, Boston, MA), and fixed by baking in a vacuum
oven at 80'C for 2 h. A full-length cDNA probe for the S4 gene of

Table I. Reovirus Reassortants Used to Map the Ability of Reovirus to Grow in Cultured Endothelial Cells

Origin of gene segment encoding

Virus LI L2 L3 MI S2 Si M2 S4 M3 S3 Viral yield Rank

PFU/cell

EB 136 3 3 3 1 3 3 3 3 1 3 125±14 24
EB 68 1 3 1 1 1 1 3 3 1 3 119±10 22
EB 15 3 3 1 1 3 1 1 3 3 1 119±5 22
EB 47 1 3 1 1 1 1 1 1 1 1 119±18 22
EB 74 1 3 1 1 1 1 1 1 1 3 106±19 20
EB 143 3 1 1 1 1 3 1 1 1 1 103±16 19
EB 39 1 3 3 1 3 3 3 3 3 3 90±11 18
EB 140 3 3 1 1 1 1 1 1 1 3 87±11 17
TIL 1 1 1 1 1 1 1 1 1 1 75±5
EB 144 1 1 1 1 1 1 3 1 3 3 73±24 16
EB 98 1 3 1 1 3 1 1 3 1 1 69±22 15
EB 1 1 3 1 1 1 1 3 1 1 3 48±12 14
EB 108 1 3 1 3 1 1 1 3 1 3 47±8 13
EB 138 3 1 1 3 3 3 3 1 1 1 43±16 11.5
EB 146 1 1 1 3 1 1 1 3 1 1 43±8 11.5
EB 127 3 3 1 1 3 1 3 1 1 3 17±1 10
EB 132 3 3 1 3 3 3 3 1 1 3 12±2 9
EB 120 3 3 3 1 3 3 1 1 3 1 11±3 8
EB 113 1 1 1 3 1 1 1 1 1 3 10±3 7
EB 121 3 3 1 3 3 1 1 3 3 3 7±1 6
EB 96 1 3 1 3 1 1 1 1 1 3 6±1 5
EB 128 3 3 1 3 3 1 3 1 3 3 3±1 4
EB 18 3 3 1 3 1 1 3 1 3 3 2±0 3
EB 88 3 3 3 3 3 3 1 3 3 3 1±0 1.5
EB 86 1 3 3 3 3 3 3 1 1 3 1±0 1.5
T3D 3 3 3 3 3 3 3 3 3 3 0±0

24 Reassortant viruses were used for this study, and gene segments from type 1 Lang (T IL) and type 3 Dearing (T3D) are designated 1 and 3,
respectively. Viral yields are expressed as mean±SDfrom three wells. The data from T IL and T3D are not included for the rank, because these
viruses are the parents of the other viruses and have different backgrounds.
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reovirus type 3 was generously supplied by Michael Giantini (Roche
Research Center, Nutley, NJ) (16 ). 32P-Labeled probe (6-9 X 107
cpm/hybridization) was prepared by the random hexamer priming
method ( 17), and hybridized to blots overnight at 420C as described
( 18). Hybridized blots were washed and autoradiographed on Kodak
XARfilm with an intensifying screen at -70'C overnight. The same
blots were hybridized with 32P-labeled cDNA for 1 8S ribosomal RNA
( 18 ) to confirm equal loading and/or transfer efficiencies.

Statistical analysis. The Wilcoxon rank sum analysis ( 19) was ap-
plied to examine the relative contribution of each reovirus gene seg-
ment to viral growth in cultured endothelial cells. Reassortant viruses
in Table I were ordered by viral yields and then assigned a rank consis-
tent with this order. In each gene segment, ranks were summed up
separately according to whether the gene segment was derived from
Tl L or from T3D. When the sum of ranks fell outside the limits at a
given value in the table, the next highest P value was examined, until
the P value identified within the sum of ranks fell.

Results

Growth of reovirus in cultured endothelial cells. In BAECsinoc-
ulated with T1L reovirus, there was progressive viral replica-
tion approaching a plateau of - 80 PFU/cell on day 4. In
contrast, T3D showed no growth over the same period (Fig. 1
A). To confirm whether the observed difference in reovirus
replication was specific to BAECs or would be observed in
other cultured endothelial cells, growth of reovirus was also
examined in HUVECs, a well-characterized endothelial cell of
human origin. Ti L also replicated well (and actually more
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Figure 1. Growth of reovirus (type I Lang [TIL] and type 3 Dearing
[T3D]) in cultured BAECs(A) and HUVECs(B). Cells were infected
(at a multiplicity of infection of 3) 2 d after plating (day 0) and were

frozen on the day indicated. Viral yields were determined by plaque
assay as described in Methods, and are expressed as mean±SDfrom
three wells.

than in BAECs) in HUVECs, and T3D did not (Fig. 1 B).
Thus, the differing growth capacity of the two strains of reo-
virus observed in BAECsmay be general findings in endothe-
lial cells.

Mapping of the viral gene responsible for different growth
capacity of reovirus TIL and T3D using reassortant viruses. To
identify the genes responsible for the differing growth capacity
of the two strains, reassortants of these parental viruses (EB
series) were tested for their capacity to grow in BAECs. We
chose 4 d after infection in order to maximize the difference of
growth between the two parental viruses. The results of the
growth experiments are shown in Table I. The 24 reassortant
viruses are placed in order of their yields, the highest being
listed first. Ti L and T3D are included for reference. The viral
yield of Ti L was among the highest and that of T3D was the
lowest of all viruses tested. The viral yield of the reassortants
formed a continuum, and it was difficult to draw a clear bound-
ary between higher and lower yields. Accordingly, we applied a
Wilcoxon rank sum analysis ( 19) as we had in previous studies
( 5 ). The only gene that had statistical significance was the Ml
gene (P = 0.00019); the other nine genes were not related (P
> 0.1 ) to the differing growth capacity of the reoviral reassor-
tants in BAECs. It is of note that EB 136 and EB 39 contained
only two genes (one of which was the M1 gene) derived from
T IL, and still grew to higher titers (Table I).

Binding of reovirus to cultured bovine aortic endothelial
cells. To analyze at which stage(s) in the reovirus replication
cycle (3) the Ml gene determines the different growth capacity
of reoviruses in BAECs, we performed binding assays, SDS-
PAGEanalysis of proteolytic processing of viral proteins, and
Northern blot analysis. Wefirst examined the binding of radio-
labeled Ti L and T3D to BAECs. The two viruses (Ti L and
T3D) bound almost equally to these cells, indicating that dif-
ference in binding does not account for the difference in growth
(Fig. 2).

Proteolytic processing of viral proteins in cultured bovine
aortic endothelial cells. Reoviruses enter the cells and are un-
coated inside vesicles (endosomes/lysosomes) before activa-
tion of the viral transcriptase and production of mRNAoccur.
Reovirus uncoating involves proteolytic digestion of the viral
outer capsid proteins (a3 and ,t 1 c). The typical pattern of in-
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Figure 2. Binding of reovirus (type 1 Lang [TILJ and type 3 Dearing
[T3D]) to cultured BAECs. Cells in six-well clusters ( 1.2 X I0
cells/well) were incubated with "S-labeled reovirus (104 viral parti-
cles/cell) for the period indicated, and the unbound virus was washed
off with cold PBS five times. Each point represents the percentage of

"S-labeled reovirus binding to the cells compared with the radioac-
tivity of total inoculum to the well, and are expressed as mean±SD
from two or three wells.
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tracellular cleavage of viral outer capsid proteins (cleavage of
the u I c protein to the 6 protein and loss of the o3 protein) was
observed beginning between 2 and 3 h of incubation in BAECs
infected by T3D (Fig. 3) as well as by TIL (data not shown),
indicating that a difference in proteolytic processing does not
account for the difference in growth.

Northern blot analysis. To measure the amount of mRNA
(plus strand) produced by Ti L and T3D in the infected cells,
we used cDNA for the T3D-S4 gene for the Northern blot
analysis. Wechose the S4 gene because it is one of the early-
transcribed genes whose transcription does not require synthe-
sis of viral proteins and occurs at relatively high frequencies
(for review, see reference 3) and because it exhibits 94%
homology at the nucleotide level between Ti L and T3D (20).
Weconfirmed, using L cells, that the cDNAprobe was hybrid-
ized with the S4-RNA of both TiL and T3D, although the
signal of the T I L-S4-RNA is less strong than that of the T3D-
S4-RNA (Fig. 4). In contrast, the accumulation of S4-RNA in
endothelial cells infected by T3D was much less than that in
cells infected with Ti L, 6 and 24 h after infection, in spite of
the fact that the probe should have more homology with the S4
gene derived from T3D. To be certain that a difference in the
S4 gene of T I L and T3Ddid not affect these results, we studied
a reassortant virus (EB 68) that contained the Ml gene from
T I L and the S4 gene from T3D. EB68 grew like T I L in BAECs
because of its Ti L-M 1 gene (Table I), and the production of
the same gene could be compared between EB 68 and T3D,
using the probe for the T3D-S4 gene. In EB 68 the S4 gene was
extensively transcribed, similar to TIL (data not shown).
Thus, these data suggested that T3D has reduced accumulation
of mRNAcompared to T IL.

Discussion

In this report, we have found that the reovirus M1 gene is
responsible for differences in the capacity of two reovirus
strains to replicate in endothelial cells. This finding thus signifi-
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Figure 3. Processing of viral proteins in cultured BAECs infected by
type 3 Dearing (T3D) reovirus. After adsorption of 35S-labeled T3D
reovirus ( IO0 viral particles/cell) to cells for 90 min at 4°C, unbound
virus was washed off, and cells were incubated with culture medium
for the period indicated. Samples were prepared for SDS-PAGE, as
described in Methods, and the fluorographed dried gel was exposed
to film for autoradiography. Numbers at the top of each lane repre-
sent the time (h) of incubation with culture medium; reovirus struc-
tural proteins or their derivatives are indicated at the left. O3 - dp
= degradative product of the 3 protein.
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Figure 4. Northern blot analysis of viral mRNAin L cells and cul-
tured BAECs infected by type 1 Lang (TIL) or type 3 Dearing (T3D)
reovirus. Cells were infected at a multiplicity of infection of 10 and
incubated for the period indicated. Total RNAwas prepared and
subjected to Northern blot analysis with 32P-labeled cDNA for the S4
gene of T3D and 18S-ribosomal RNAand autoradiographed, as de-
scribed in Methods. Equal loading and/or transfer efficiencies be-
tween lanes (in L cells and BAECs) were confirmed by hybridization
with 1 8S-cDNA, except the lane T3D-24 h in L cells, in which deg-
radation of RNAwas observed.

cantly extends our understanding of reovirus growth in differ-
ent tissues. Wehave shown previously that the M1 gene also
plays a role in growth in myocardial cells in culture (5) and in
vivo in a myocarditis model in mice (6). The linkage of this
viral MI gene to cardiac and endothelial cells contrasts with the
localization of virus in neurons (21, 22) and pituitary (23) to
the SI gene, the extent of growth in the CNSto the M2 gene
(24), inactivation of T3D in the GI tract to the SI gene (25),
and growth in Peyer's patches to the SI and L2 genes (25).
Prior studies indicated that the S I gene product, the al protein,
is the cell attachment protein and functions at the level of bind-
ing to the cell surface (26; reviewed in 3,4). The M2protein is
involved in processing the viral capsid and allowing the virus to
interact with cell membranes (27). Thus, the role of the SI and
M2 gene products in allowing virus to bind and enter cells is
clearly related to their function in viral growth in tissues. How
the Ml gene product is responsible for allowing growth in endo-
thelial cells and myocardial cells is not so clear.

It is clear that the Ml product (,I2) does not function at the
earliest steps in virus-cell interactions. As seen in this study,
there were no differences in binding or the early kinetics of viral
capsid processing between T 1 L and T3D. The major difference
seen was in the amount of viral mRNAas detected in the
Northern blot analyses.

Synthesis of reovirus mRNAhas been extensively studied
in L cells (for reviews, see reference 3). Genetic studies have
identified that the L I gene determines the pH optimum of the
transcriptase (28). Shatkin et al. (29) found that only four
genes (LI, M3, S3, and S4) were transcribed in L cells in which
the protein synthesis was inhibited by cycloheximide and that
the transcription of the remaining six genes requires synthesis
of one or more viral protein products of the early genes. In this
study, we used cDNAfor the S4 gene, one of the early genes, to
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examine the production of mRNAin BAECs, and found evi-
dence consistent with the view that the production of T3D-
mRNAwas significantly reduced in BAECs 6 and 24 h after
infection.

Wecannot state with absolute certainty that the signal we
focused on came from mRNA(single-stranded [ss]) as op-
posed to the total viral particle containing double-stranded
(ds) RNA. Definitive discrimination between these possibili-
ties would require further experiments such as Northern hybrid-
ization of radiolabeled run-off transcripts of both, using a plas-
mid vector for in vitro transcription. However, the following
findings indicated that the signal was likely from mRNA. As
seen in Fig. 4, the signal from the S4 probe in L cells was
intrinsically stronger in its interaction with T3D-S4-RNA than
with Ti L-S4-RNA. Thus, the stronger signal from Ti L com-
pared to T3D at 6 and 24 h in BAECssupports the concept that
transcription is reduced in T3D. This cannot, of course, be
stated with certainty since the probe would be expected to rec-
ognize the viral genome as well as S4 cDNA.

A preliminary experiment indicated that the production of
mRNAin BAECsinfected by T I L and by EB 68 was markedly
inhibited by treatment of cells with cycloheximide at a concen-
tration of 20 ,ug/ml (30; data not shown). This result implies
that the Ml gene is not related to primary transcription but
may be related to the events occurring between primary (from
the parental genome) and secondary (from the progeny ge-
nome) transcription, for example, translation of reovirus
mRNA, replication of viral ds-RNA, viral assembly, or tran-
scription from the progeny ds-RNA genome. Further experi-
ments are necessary to determine the role of the MI gene in the
reovirus replication cycle in BAECsand other cell types.

It is of interest that the Ml gene plays a role both in the
growth ofreovirus in cultured cardiac myocytes and in endothe-
lial cells. Communication between cells in a paracrine or auto-
crine manner has become a field of interest recently, and evi-
dence has accumulated indicating that such interactions exist
between myocytes and endothelial cells (31, 32). In the case of
viral myocarditis, the degree of myocardial necrosis correlates
poorly with cardiac function (33), and paracrine products re-
leased from infected endothelial cells may aggravate myocar-
dial dysfunction or injury in addition to direct viral damage of
myocytes. TNF-a, IL-2 and IL-6 are such paracrine cytokines
causing negative inotropic effects on the heart, probably me-
diated at least in part by nitric oxide (34), although the en-
hanced production of these factors by infected endothelial cells
has not yet been proved.

Reovirus is a well-characterized virus, allowing examina-
tion of the interaction between virus and endothelial cells be-
cause of the detailed information of its genetics and the relative
ease with which its genome can be manipulated (3, 4). Verdin
et al. (35) demonstrated that serotypes TiL and T3D of reo-
virus replicated in endothelial cells from the rat fat pad; they
also identified a 54-kD protein as a putative cell surface recep-
tor for both of these serotypes. In contrast to our results, they
did not show a difference in growth between TiL and T3D,
both serotypes replicating well in rat fat pad endothelial cells.
This discrepancy might come from the heterogeneity of endo-
thelial cells within the vasculature (large vessels or microves-
sels) as well as from different organs or species of animals used
(36, 37).

Although acetylated LDL uptake is generally accepted as a
marker, endothelial cells of different origin have diverse struc-

tural and functional characteristics. Those from bovine aorta
are among the best characterized, and most studies of viral
infection of endothelial cells in vitro have been conducted us-
ing either BAECsor HUVECs( 1, 38). As shown in Fig. 1 B, we
also examined the growth of reovirus in HUVECswith results
similar to those in BAECs. Our in vitro results are supported by
in vivo studies of Flamand et al. (39), who observed viral anti-
gen in the endothelium of blood vessels in mice after infection
with Ti L but not with T3D.

An understanding of interactions between viruses and endo-
thelial cells is necessary to elucidate the pathogenesis of viral
infection, since viruses potentially gain access from the blood-
stream to each organ through endothelial cells. Several viruses
are known to replicate in endothelial cells and change their
properties (for review, see reference 1). Dengue and Junin vi-
ruses, which are causes of hemorrhagic syndromes, have been
reported to replicate in cultured endothelial cells (40). Herpes
simplex virus (HSV) 1, poliovirus 1, adenovirus 7, and measles
virus increased adhesion of granulocytes to infected endothe-
lial cells (41 ). The production of CSFby endothelial cells was
altered by infection with HSV- 1 and measles virus, and this
alteration might contribute to changes in myelopoiesis that fre-
quently accompany viral infection (42). Infection of bovine
endothelial cells by HSV- 1 reduced the synthesis of collagen
and fibronectin (43). Accumulating evidence suggests that
some viruses induce endothelial cell injury, which in turn may
be associated with atherosclerosis (44).

While much recent effort has been directed to studies of
responses of endothelial cells to infection, less information is
available elucidating the interaction between viruses and endo-
thelial cells. The experimental approach used in the studies
reported here and the associated findings support the utility of
this system for studies of the interaction between virus and
endothelial cells at a molecular genetic level.
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