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Summary. — Human herpesvirus 6 (HHV-6) has been proposed as one of the co-factors responsible for
the development of acquired immunodeficiency syndrome (AIDS) in human immunodeficiency virus (HIV)
carriers. We analyzed the interaction between HHV-6 and HIV-1 in superinfected cells. Cell-free HIV-1 could
superinfect human T cell lines, MT-4 and Molt-4, which had been previously infected with HHV-6. Both HIV-1
and HHV-6 replicated in the same cells. We observed two types of morphologically distinguished cells as carly
as 4 days after superinfection. One type (D) was degenerate cells with intracellular and extracellular HHV-6
and with less HIV-1 virions. The other type (T) was relatively intact cells with both HIV-1 and HHV-6 virions.
Replication of HIV-1 was more active in the type T as compared with type D cells. The level of HIV-1 reverse
transcriptase (RT) activity in the culture supernatants of cells superinfected on day 0 declined after day 7,
while that in the supernatants of cell cultures infected with HIV-1 alone remained high between days 12 and
40. These results suggest that the superinfection of the HHV-6-infected cells with HIV-1 may induce
a degenerative process in these cells.
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Introduction

HHV-6 has been first isolated from patients with lym-
phocytic disorders (Salauddin et al., 1986) and identified
as the etiological agent of exanthem subitum (Yamanishi et
al., 1988). On the basis of the observation that HHV-6 is
frequently isolated from HIV carriers (Agute ef al., 1988;

Abbreviations: AIDS = acquired immunodeficiency syndrome;
CAT = chloramphenicol acetyltransferase; EM = electron micros-
copy; FBS = foetal bovine serum; FITC = fluorescein isothiocy-
anate; HHV-6 = human herpesvirus 6; HIV = human immunode-
ficiency virus; IGEM = immunocolloidal gold EM; PBS = phos-
phate-buffered saline; p.i. = post infection; RITC = tetramethyl
rhodamine isothiocyanate; RT = reverse transcriptase

Lopez et al., 1988; Salauddin et al., 1986; Tedder ef al.,
1987) it has been proposed that HHV-6 may be one of the
co-factors responsible for the development of AIDS.
Human CD4-positive cells are susceptible to infection
with HIV-1 and HHV-6 (Dalgleish ef a/., 1984; Klazmann
et al., 1984; Lusso et al., 1988). There are papers which
describe the co-infection/superinfection of cells with HHV-6
and HIV-1 (Carrigan ef al., 1990, Ensoli ef al., 1989; Hor-
vatet al., 1989; Levy et al,, 1990; Lusso ef al., 1989). Lus-
s0 et al. (1989) have reported the presence of both viruses
in peripheral blood mononuclear cells (PBMC) § days after
their simultaneous infection with HIV-1 and HHV-6. Nii et
al. (1990) showed morphologically that HIV-1 and HHV-6
coexisted in single cells after a co-cultivation of
HIV-I-infected cells and HHV-6-infected cells. However, it
was not shown whether the cells bearing both HIV-1 and
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Materials and Methods
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Immunofluorescence studies. Coverstip cell cultures were ﬂ'wd
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to the cells and the incubation was per “wn ed at 37°C for 30 mins,
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-mouse 1gG was added to the cells and the incu-
carvied out at 37°C for 30 mins. Two hundred cells
: ked, and ﬂw percentage of viral antigen-positive cells
was caleulated,

Reverse transeriptase (RT) assay. HIV-1 RT activity in culture
supernatants was tested by RT assay. Culture supernatants of
HIV-T-infected MT-4 and Molt-4 cells were used as positive con-
trols. Culture supernatants of MT-4 cells and Molt-4 cells which
were infected with HHV-6 alone were used ative controls,
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Results

Presence of HIV-L and HHI-6 particles in single cells
after superinfection

MT-4 cells were infected with HHV-6 and cultivated for
Tdays. Eighty-five % of these cells were positive for HHV-6
antigen as determined by the immunofluorescence method.
The HHV-6-infected MT4 cells were then superinfected
with HIV-1. On day 4 after superinfeciion, HIV-1 particles
budding from cells were observed by EM. HIV-1 virions
were produced by budding with crescent structures on the
surface of the cells which also contained many HHV-6 par-
ticles in the cytoplasm and nucleoplasm (Fig. 1). The bud-
ding particles were determined to be HIV-1 by IGEM with
the anti-HIV-1 gp 120 MoAb (Fig. 2). We did not find multi
nuclear cells hml g both HIV-1 and HHV-6 virions in these
studies,
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RT activity in culture supernatants of Molt-4 cetls infected with
HHV-6 or HIV- or HHV-6 plus HIV-1

Ensolietal. (1989), using the HIV-1 LTR-linked chloram-
phenicol acetyltransferase (CAT) assay, have reported that
HHV-6 increased the HIV-1 expression. Harvot et al. (1989)
have reported a transactivation of HIV-1 promoter by HHV-6
using the HIV-1 CAT enzyme expression systerm. These re-
sults strongly suggest a positive interaction between HIV-]
and HHV-6 genes. On the other hand, Carrigan et al. (1990}
and Levy et al. (1990) have reported a suppression of HIV-
I replication by HHV-6 in cultures by measuring the levels
of p24 antigen and RT activity in the culture fluids. Our
results suggest that the abovementioned opposite findings
may be due to dynanuc features of the infection process.

The percentages of HIV-1 antigen-positive cells in the
superinfected cells and in those infected with HIV-1 alone
were similar. The levels of RT activity in the culture super-
natants of the superinfected cells and of the cells infected
with HIV-1 alone were also similar until day 7 after HIV-1
infection, The levels of RT activity in the culture superna-
tants of the superinfected cells, however, declined gradual-
Iy after day 7. The pattern was the same in MT-4 as well as
Molt-4 cells. Most of the HIV-1 particle-producing cells were
of the type | in the superinfected culture, Accordingly, the
HIV-1 replication in type I cells of the superinfected cul-
ture was more active than in those infected with HIV-1 alone
several days afier the superinfection. It is possible that HIV-
1 activates the cytolytic HHV-6 production and consequently
the assembly of HIV-1 is suppressed by the cytolysis. The
present study suggests the possibility that HHV-6 may play
a role of a co-factor in HIV-1 infection. Further study is
necessary to elucidate the interaction between HIV-1 and
HH V-6, and the role of HHV-6 in the pathogenesis of HIV-1
infeetion,
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