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Letter to the Editor
Endogenous Virus and Hepatitis C Virus-Like Particle Budding in BHK-21 Cells

A recent paper by H. J. Ezelle and coworkers reported the
generation of hepatitis C virus (HCV)-like particles by using a
recombinant vesicular stomatitis virus (VSV) vector (4). The
authors inserted the contiguous HCV Core, E1, and E2 coding
region into the VSV genome, and recombinant VSV producing
the three HCV structural proteins were used to infect the
BHK-21 cell line. With this strategy, the authors claimed to
have obtained the complete budding of HCV-like particles,
visualized by transmission electron microscopy (TEM) in cy-
toplasmic vacuoles derived from the rough endoplasmic retic-
ulum (ER). In their Fig. 3 (panels C and D) they indicate
“HCV-like virions,” described as 40- to 80-nm particles exhib-
iting an electron-dense core with an envelope, fully released
into the ER lumen (4). Unfortunately, we believe that these
particles represent the endogenous viruses of BHK-21 cells
known as intracisternal R-type particles that have been widely
described elsewhere (3, 6, 7).

Our group is experienced in the transfection of BHK-21 cells
with various constructs encoding viral structural proteins (1, 2,
5). We have frequently observed these intracisternal R-type
particles in untransfected BHK-21 studied by TEM (arrow-
heads in Fig. 1A). In our most recent study, we used a recom-
binant Semliki forest virus (SFV) replicon to express, in
BHK-21 cells, the genes encoding HCV structural proteins (1).
The self-assembly of HCV proteins at the ER membrane was
associated with the budding of HCV-like particles towards the
ER lumen. These HCV-like particles could not be confused
with the particles endogenous to BHK-21, as seen in Fig. 1B.
HCV-like virions consist of a core-like particle, 30 to 35 nm in
diameter, surrounded by an electron-dense ER-derived enve-
lope, yielding a much darker particle with a total diameter of
50 to 60 nm (Fig. 1B, arrow). In our study, these HCV-like
particles appeared to display abortive budding in BHK-21
cells. Indeed, few particles were fully released from the ER
membrane (1). This is consistent with the low levels of HCV
structural proteins detected in the transfected cell supernatant.
A similar absence of HCV structural protein secretion was
reported by H. J. Ezelle and coworkers in studies of BHK-21
cells infected with recombinant VSV (4).

Despite the inefficiency of particle secretion, both the SFV
and VSV expression systems may be valuable tools for studies
of virus assembly mechanisms and virus-host cell interactions.
Nevertheless, we would like to emphasize that no system in
which the complete budding of HCV-like particles is observed
has yet been developed.
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FIG. 1. Electron micrographs of ultrathin sections of untransfected
BHK-21 cells (A) and BHK-21 cells electroporated with an SFV vector
encoding the HCV Core, E1, and E2 structural proteins (B). The bar
in panel B (for both panels A and B) represents 100 nm. The arrow-
heads in panels A and B indicate the endogenous viruses known as
intracisternal R-type particles, which are frequently encountered in the
ER lumen of BHK-21 cells. The arrow in panel B indicates an HCV-
like particle budding towards the ER lumen.
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In our recent manuscript, we demonstrated that recombi-
nant vesicular stomatitis virus (VSV) expressing the HCV
structural proteins Core, E1, and E2 (VSV-HCV-C/E1/E2) is
capable of facilitating the autoassembly of HCV-like particles
(HCV-LPs) and generating an HCV-specific immune response
(8).

Blanchard et al. have raised a concern regarding the occur-
rence of type R virus-like particles in BHK-21 cells. In our
electron microscopy studies of BHK-21 cells, we did not readily
detect type R particles in VSV-infected or uninfected cells.
Though Blanchard et al. demonstrate the occurrence of type R
particles in their cells, it has been documented that particle
abundance can fluctuate among BHK-21 clones as well as in
response to multiple agents, including passaging (5, 10, 13). In
addition, the HCV-LPs identified in our study were apparent
only in VSV-HCV-C/E1/E2-infected cells, not uninfected or
VSV-infected control cells, and were measured at 40 to 80 nm.
It is worth noting that the available literature indicates that
type R particles have been reported to be 100 nm and to have
radial projections emanating from their core (1, 7, 15). Never-
theless, since such issues can potentially arise with any one cell
line, we naturally complemented studies related to HCV-LP
assembly by using a number of cell lines, including those of
liver origin.

The point was also made that budding of HCV-LPs in Blan-
chard et al.’s Semliki forest virus (SFV) system is abortive (3).
As stated in our article and shown in Fig. 2B therein, HCV
structural proteins can be detected in the medium of VSV-
HCV-C/E1/E2 infected cells, which could indicate correct re-
lease of HCV-LPs or, alternatively, release as a result of some
cellular lysis (8). While this issue is presently being clarified,
evidence of budding of HCV-LPs has apparently been re-
ported by Baumert et al., Clayton et al., and Xiang et al. with
recombinant baculovirus expression systems (2, 6, 16).

Finally, the question of HCV-LP morphology was also
raised. We have extensively analyzed the literature and found
that a consensus characterization of electron density and lu-
cency of hepatitis C virions has not been clearly established (3,
4, 6, 9, 11, 12, 14, 16). Among these reports are the demon-

stration of HCV particles with morphologies similar to our
findings (6, 9, 11, 12).

In summary, HCV-LP assembly by using SFV or VSV ex-
pression systems may be useful not only for studies of virus
assembly and virus-host cell interactions but also as tools for
vaccine and therapeutic development.
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