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Abstract

The glycoprotein (GP) of lymphocytic choriomeningitis virus (LCMV), the prototype arenavirus,
is a promising envelope protein of lentiviral pseudotype vectors for gene therapy. The distribution
of dystroglycan, a known receptor for LCMV, cannot explain the narrow tropism of LCMV-GP-
pseudotypes. Here, we examined whether infection of LCMV-GP-pseudotypes was affected by the
expression of four cell surface molecules - Axl and Tyro3 (from the TAM family) and DC-SIGN
and LSECtin (from the C-type lectin family) - that are known receptors of Lassa virus, another
arenavirus. All four molecules enhanced LCMV-GP-pseudotype infection of cells. These results
help explain the tropism of LCMV-GP-pseudotypes and further our understanding of LCMV
infection in animals. (108 words)
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In gene therapy, lentiviral vectors have the advantage of stable gene induction in both
dividing and non-dividing cells without viral protein expression. Glycoprotein G of vesicular
stomatitis virus (VSV-G) is the most used envelope for lentiviral vectors due to its wide
tropism and high transduction efficiency, characteristics that likely stem from the VSV
receptor being a ubiquitous phospholipid present in most cell membranes [5]. However,
VSV-G protein has cytotoxicity and establishment of cell lines constitutively expressing
VSV-G has not been successful [2]. Therefore, the generation of stable vector-producing
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cells is an important step for the well-defined and safe production of vector particles [2] and
for allowing target cells to be efficiently exposed to vectors by engrafting vector-producing
cells [9]. /n vivotoxicity caused by the injection of VSV-G-pseudotyped vectors has also
been reported [14, 23]. The envelope protein, glycoprotein (GP), of lymphocytic
choriomeningitis virus (LCMV) has several advantages over VSV-G as a viral vector
envelope protein. LCMV-GP has low or no toxicity both /n vitroand in vivo[14, 23], and
cell lines stably expressing LCMV-GP have been established [2, 19]. In addition, LCMV-
GP-pseudotypes show narrow infection tropism; they prefer to infect malignant glioma
rather than normal neurons [2, 19, 31]. Such narrow tropisms avoid undesirable effects
caused by the infection of unintended targets [25]. At present, there is no molecular
explanation for how LCMV-GP affects viral tropism.

LCMV is a member of the Old World arenavirus group in the family Arenaviridae. Its
natural hosts are Mus domesticus and Mus musculus. Through the saliva or urine of these
hosts, LCMV is transmitted to humans and causes aseptic meningitis [4]. Because
experimental infection with LCMV yields a variety of results in mice, depending on the viral
strain, host age, and inoculation route, the murine LCMV model has been well used for
research, advancing the fields of viral immunopathology and immunaobiology [4]. Binding to
and entry into cells by LCMV is conferred by the interaction of LCMV-GP with its cellular
receptor(s). Dystroglycan (DG) is a transmembrane protein, composed of a peripheral a-
subunit and a membrane-spanning B-subunit, that links extracellular matrices and
intracellular cytoskeletons. a-DG serves as a receptor for the Old World arenaviruses,
including LCMV and Lassa virus and for the clade C New World arenaviruses [7, 30]. Its O-
mannosylation is important for its receptor function [11]. Recent studies on LCMV strongly
suggest the existence of additional, as yet unidentified viral receptor(s) [11, 16, 29].

Recently, we analyzed the cell entry mechanisms of Lassa virus and identified four human
molecules as viral receptors that mediate DG-independent infection [28]. These molecules
are Axl and Tyro3 from the TAM family and dendritic cell-specific intercellular adhesion
molecule 3-grabbing nonintegrin (DC-SIGN) and liver and lymph node sinusoidal
endothelial calcium-dependent lectin (LSECtin) from the C-type lectin family. Because
LCMV and Lassa virus share common characteristics in receptor usage [15, 30], here, we
examined the effects of these four molecules on infection by LCMV-GP-pseudotypes.

Jurkat T cells expressing the four molecules, feline CD2 lacking cytoplasmic tail (fCD2ACT,
a negative control), and acetylglucosaminyltransferase-like protein (LARGE, a positive
control, see below) were prepared as described previously [28]. Expression of AxI, Tyro3,
and DC-SIGN in Jurkat cells was examined by flow cytometry with monoclonal antibodies
against each molecule, resulting in the observation of approximately 95%, 80%, and 95%
positivities for Axl-, Tyro3-, and DC-SIGN-expressing cells, respectively. Expression of
LSECtin was assessed by examining the reactivity of LSECtin-expressing Jurkat cells with
recombinant Ebola virus GP1 protein using flow cytometry [8], and over 90% positivity was
observed. We observed no positive signals from naive Jurkat cells to monoclonal antibodies
against Axl, Tyro3, and DC-SIGN or to Ebola virus GP1 (data not shown). The strains of
LCMV from which GPs were used were cl13, ARM53b, WE54, and WE2.2. For cl13 and
WED54 GP expression, cDNAs encoding each (sequence accession numbers DQ361065 and
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AJ318512) were cloned into the expression plasmid pCAGGS/MCS [13, 22]. To express
ARMb53b GP, PCR-based mutagenesis was performed with the cl13 GP cDNA to cause an
amino acid change at position 260 from lysine to phenylalanine [24]; the mutated cDNA was
then cloned into pPCAGGS/MCS. To express WE2.2 GP, mutagenesis was performed with
the WE54 GP cDNA to change the amino acid at position 153 from serine to phenylalanine
[32]. Human immunodeficiency virus-based lentiviral vectors carrying the LCMV-GP and
Venus gene [21] as the envelope protein and reporter gene, respectively, were prepared as
described previously [27]. Titration of vectors was performed by inoculation of Jurkat cells
with serially diluted virus stocks and counting reporter-positive cells under a fluorescence
microscope 48 hr later.

The GPs of the LCMV strains used in this study have different affinities for O-mannosylated
DG; cl13 and WE54 have high affinities, whereas ARM53b and WE2.2 have low and no
affinity, respectively [16, 29]. In Jurkat cells, DG is not O-mannosylated, but ectopic
LARGE expression causes hyperglycosylation of DG [28]. As shown in Fig. 1, LARGE
expression in Jurkat cells resulted in higher titers of GP-cl13- and GP-WE54-, but not of
GP-ARM53b- and GP-WE?2.2-, pseudotypes, indicating that our assay with LCMV-GP-
pseudotypes and Jurkat cells reflected the characteristics of LCMV-GPs. The higher titer of
the GP-ARM53b-pseutotype in control cells, when compared with those of other GP-
pseudotypes (Fig. 1), may indicate the existence of as yet unknown receptor(s) specific for
ARMS53b GP in this cell line or the efficient production of pseudotype particles with this GP.
When Axl, Tyro3, DC-SIGN, or LSECtin was expressed instead of LARGE, the titers of the
pseudotypes with any of the LCMV-GPs were higher than those without these molecules
(Fig. 2). These results suggest that DG-independent infection by LCMV [11, 16, 29] is
caused by Axl, Tyro3, DC-SIGN, or LSECtin expression, and that infection caused by the
expression of these four molecules does not correlate directly with LCMV virulence,
because LCMV virulence has been shown to be correlated with DG-affinity [1, 18, 26, 29,
32] and infection of any LCMV-GP-pseudotypes with various DG-affinities was enhanced
by the expression of the four molecules (Fig. 2). As with Lassa virus replication [28],
LCMV replication in the liver may be supported by Axl and LSECtin expression [1, 18]; DG
is not functional as a receptor for LCMV in this organ due to its lack of O-mannosylation
[15]. At present, we cannot exclude the possibility that Gas6/protein S ligands for the TAM
family in fetal calf serum enhance infection of LCMV-GP-pseudotypes by bridging
molecules of the TAM family to the virion envelope component phosphatidylserine [20].
The use of mutant molecules of the TAM family that lack affinity to Gas6/protein S may
help clarify this point.

In glioma, proteolytic cleavage occurs within the ectodomain of B-DG, resulting in a
reduced level of cell surface a-DG [6], and, therefore, the DG of glioma should be
inefficient or nonfunctional as a receptor for LCMV. In contrast, Axl is frequently expressed
at a high level in glioma [33] and, in fact, AxI overexpression in glioma is predictive of a
poor prognosis [10]. The fact that LCMV-GP-pseudotypes show tropism to glioma but not to
normal neurons [2, 19, 31] may be attributed to the increased expression level of Axl on
tumor cells, because AxI expression strikingly enhanced cellular susceptibility to infection
by the pseudotypes (Fig. 2). Because reduced a-DG and high AxI/Tyro3 expression levels
have also been reported in many malignant tumors including breast, pancreatic, prostate, and
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colon carcinoma cells [3, 12, 17], LCMV-GP-pseudotypes may be useful in gene therapy
against these tumors as well as glioma. We hope that our findings will help improve targeted
gene therapy with viral vectors and further our understanding of the pathogenesis of LCMV
infection.
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Fig. 1.

Ti?ers of lentiviral pseudotypes carrying LCMV-GP as an envelope protein in Jurkat cells
expressing the indicated molecules. GPs from the cl13, ARM53b, WE54, and WE2.2 strains
of LCMV were used. Molecules expressed were control (fCD2ACT) and LARGE. Serially
diluted pseudotypes were inoculated onto cells and, 48 hr later, reporter (Venus)-expressing
cells were counted under a fluorescence microscope. Data are means * standard deviations
(n=13). IU, infectious units.
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Fig. 2.
Titers of lentiviral pseudotypes carrying LCMV-GP as an envelope protein in Jurkat cells

expressing control (FCD2ACT), Axl, Tyro3, DC-SIGN, and LSECtin. Titers were
determined by using the method described in the Fig. 1 legend. Data are means + standard
deviations (7= 3).
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