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Jaagsiekte sheep retrovirus (JSRV) is a type D retrovirus associated with a contagious lung tumor of sheep,
ovine pulmonary carcinoma. Other than sheep, JSRV is known to infect goats, but there is no evidence of
human infection. Until now it has not been possible to study the host range for JSRV because of the inability
to grow this virus in culture. Here we show that the JSRV envelope protein (Env) can be used to pseudotype
Moloney murine leukemia virus (MoMLV)-based retrovirus vectors and that such vectors can transduce
human cells in culture. We constructed hybrid retrovirus packaging cells that express the JSRV Env and the
MoMLV Gag-Pol proteins and can produce JSRV-pseudotype vectors at titers of up to 106 alkaline phos-
phatase-positive focus-forming units/ml. Using this high-titer virus, we have studied the host range for JSRV,
which includes sheep, human, monkey, bovine, dog, and rabbit cells but not mouse, rat, or hamster cells.
Considering the inability of the JSRV-pseudotype vector to transduce hamster cells, we used the hamster cell
line-based Stanford G3 panel of whole human genome radiation hybrids to phenotypically map the JSRV
receptor (JVR) gene within the p21.3 region of human chromosome 3. JVR is likely a new retrovirus receptor,
as none of the previously identified retrovirus receptors localizes to the same position. Several chemokine
receptors that have been shown to serve as coreceptors for lentivirus infection are clustered in the same region
of chromosome 3; however, careful examination shows that the JSRV receptor does not colocalize with any of
these genes.

Jaagsiekte sheep retrovirus (JSRV) is the causative agent of
a contagious lung cancer of sheep known as ovine pulmonary
carcinoma (OPC), also known as sheep pulmonary adenoma-
tosis or jaagsiekte. OPC is a veterinary problem with significant
economic impact in several countries. In addition, OPC shares
characteristics with human bronchioalveolar carcinoma (BAC)
(12, 32, 49), and BAC represents about 25% of human lung
cancer cases (6). Lung cancer being the most common fatal
form of cancer in humans (10), recent interest in JSRV stems
from the hypothesis that OPC could be useful as a naturally
occurring animal model for understanding the mechanism of
pulmonary carcinogenesis (26, 49).

JSRV has been classified as a type D retrovirus, based on
genomic organization, but has a type B-like Env protein (61).
The sheep genome carries multiple copies of JSRV-like en-
dogenous sheep retrovirus (ESRV) sequences (25, 27, 61), but
subsequent studies have shown that JSRV is an exogenous
virus distinct from ESRV sequences (4, 5, 44) and is specifically
associated with OPC. Recent studies by Palmarini et al. (48)
using an infectious molecular clone of JSRV have confirmed
that JSRV is the causative agent of OPC. The mechanism of
oncogenesis by JSRV is not known. JSRV has the genomic
organization of a simple replication-competent retrovirus with
no known oncogenes. The incubation period in naturally ac-
quired OPC seems to range from months to years, suggesting

insertional mutagenesis. However, OPC can be induced exper-
imentally in 3 to 4 weeks, suggesting a mechanism of action
more similar to that of a transforming retrovirus.

The main sites of JSRV replication and assembly are the
transformed epithelial cells of the lung, especially the alveolar
type II cells (45). The lung fluid and tumor extracts of infected
sheep can be used for virus isolation and also for experimen-
tally transmitting the disease to lambs by intratracheal inocu-
lation (14, 37, 59), suggesting that the virus is stable in lung
fluid. The stability of the virus in lung fluid as well as the ability
to infect the epithelial cells of the lung indicate that JSRV
vectors may be useful for gene transfer into the lung for human
diseases such as cystic fibrosis. Even if the vectors were unable
to transduce human airway epithelial cells, characterization of
this virus would provide insights into developing improved
vectors for transduction of the lung.

To study JSRV as a prospective retroviral vector, we first
wanted to test whether the JSRV Env protein could be used to
pseudotype a commonly used Moloney murine leukemia virus
(MoMLV)-based retrovirus vector. Once this was established
by transient transfection and the JSRV Env was shown to
promote entry into human cells, we generated a packaging cell
line for producing high-titer JSRV-pseudotype retrovirus vec-
tor which allowed us to investigate the host range for JSRV
Env. Study of the JSRV host range has been hindered so far by
the lack of an in vitro culture system for growing the virus, and
only recently has an infectious molecular clone of the virus
been developed (48). Subsequently, we used a human-hamster
whole genome radiation hybrid (RH) panel to precisely local-
ize the JSRV receptor (JVR) within human chromosome
3p21.3.
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MATERIALS AND METHODS

Cell culture. Mammalian cells, including SSF-123 primary sheep skin fibro-
blasts (gift from William Osborne, University of Washington, Seattle), HT-1080
human fibrosarcoma cells (American Type Culture Collection [ATCC] cell line
CCL-121), 293 human kidney epithelial cells (ATCC CRL 1573), IB3 immortal-
ized human bronchial epithelial cells (62), HeLa cervical carcinoma cells (ATCC
CCL-2), NIH 3T3 thymidine kinase-deficient mouse embryo fibroblasts (60),
Mus dunni tail fibroblasts (11), D17 canine osteosarcoma cells (ATCC CRL-
6248), 208F rat embryo fibroblasts (51), MDBK bovine kidney epithelial cells
(ATCC CCL-22), Vero African green monkey kidney epithelial cells (ATCC
CCL-81), MF-NAN primary mouse (BALB/c) fibroblasts, MF-H1 primary
mouse (C57BL/6) fibroblasts, and RbTE rabbit tracheal epithelial cells (gifts
from Christine Halbert, Fred Hutchinson Cancer Research Center), were grown
in Dulbecco’s modified Eagle’s medium supplemented with 10% fetal bovine
serum (Hyclone). RbTE cells were immortalized by transduction with the human
papillomavirus E6 and E7 genes in a retrovirus vector, LXSN16E6E7 (24). G355
feline embryonic brain cells (15) were grown in McCoy’s medium supplemented
with 15% fetal bovine serum. CHO cells (ATCC CCL-61), A23 hamster cells,
and the A23-derived RH clones (57) (gifts from Davis Cox, Stanford University)
were grown in minimal essential medium-alpha supplemented with 10% fetal
bovine serum.

Retroviral vectors and virus titer. The nomenclature for retroviral vectors and
pseudotypes has been discussed before (41). LAPSN is an MoMLV-based vector
encoding the human placental alkaline phosphatase (AP) and the neomycin
phosphotransferase proteins (42). Vectors with a JSRV pseudotype were made
by using the pSX2.Jenv plasmid (Fig. 1), which was constructed by inserting the
1,883-bp MslI-Ecl136 fragment of JSRV-JS7 containing the Env coding region
into the BsaAI- and MscI-cut 4,239-bp backbone of the pSX2 plasmid (38) by
blunt-end ligation. JSRV-JS7 is a proviral clone derived from a l phage library of
genomic DNA from the JS7 cell line that was derived from a spontaneous case
of OPC (unpublished results). Retrovirus vector titers were determined as de-
scribed previously, by assaying for either AP1 focus-forming units (FFU) (17) or
G418-resistant colony-forming units (CFU) (40).

Generation of JSRV-pseudotype retrovirus packaging cells. Stable retrovirus
packaging cells expressing the JSRV Env were made using the techniques de-
scribed previously for the construction of 10A1 murine leukemia virus (MLV)-
pseudotype packaging cell lines (38). Briefly, NIH 3T3 cells that express the
MoMLV Gag-Pol proteins (LGPS cells [39]) were cotransfected with plasmid
pSX2.Jenv and a plasmid encoding hygromycin phosphotransferase (pSV2D13-
hyg; gift from Paul Berg, Stanford University) at a 20:1 or 100:1 ratio, and 24
hygromycin-resistant clones were isolated. These clonal cell lines were tested for
their ability to produce retrovirus vectors by measuring the titer of vector pro-
duced by the cells after the cells were transduced with the LAPSN vector made
by using PT67 packaging cells (38). HT-1080 human cells were used as targets for
measurement of the vector titer. The clonal line that produced the highest-titer
vector was clone PJ14.

Marker rescue assay. SSF and HT-1080 cells were plated at 105 cells per 6-cm
dish on day 1, transduced with LAPSN(PT67) virus at a multiplicity of infection
of ;1 in the presence of Polybrene (4 mg/ml) on day 2, and trypsinized and
replated in G418 (active concentration of 250 mg/ml for SSF and 400 mg/ml for
HT-1080 cells). These polyclonal populations of cells carrying the LAPSN vector
were used in the marker rescue assay for helper virus as described before (38).
Briefly, SSF/LAPSN or HT-1080/LAPSN cells were plated at 5 3 105 cells per
6-cm dish on day 1, infected with 0.5 ml of LAPSN(PJ) test virus (6 3 105 AP
FFU/ml) per dish in the presence of Polybrene on day 2, and trypsinized and split

1:10 every 2 to 3 days for 2 weeks while being kept at high density to facilitate
potential virus spread. After 2 weeks, medium harvested from confluent dishes of
cells was tested for LAPSN vector rescue and transfer using SSF cells as targets.
MoMLV was used as a positive control to show that helper virus could rescue the
LAPSN vector in these cells. The passaged SSF/LAPSN and HT-1080/LAPSN
cells were also stained for AP to ensure that they retained the LAPSN vector.

RH mapping of JVR and STRL33 genes. The Stanford G3 panel of human
whole-genome hybrid cell lines was used for phenotypic RH mapping (www
-shgc.stanford.edu/Mapping/rh/) (57). For mapping JVR, the RH cell lines were
plated at 5 3 104 cells per well in a 6-well plate and exposed to LAPSN(JSRV)
vector the next day. AP assays were performed as explained above, and AP1

FFU were counted to measure transduction.
To map the STRL33 gene, we used the Stanford G3 panel RH DNA (Re-

search Genetics, Huntsville, Ala.) for genotypic mapping. PCR was performed
with the STRL33-specific primers 59-GCCAGGGTTTCGAGAAGCTGCTCTG
GAATT-39 and 59-TCATAGTCCCTGGTGCTAGTTATTCTGGAT-39. Geno-
mic DNA samples from the A3 hamster cell line (57) and the RM human
lymphoblastoid cell line (57) were used as negative and positive controls, respec-
tively. All PCR amplifications were performed with an initial denaturation step
at 94°C for 2 min, followed by 35 cycles of amplification at 94°C for 30 s, at 62°C
for 1 min, and 68°C for 4 min, with a final extension at 68°C for 10 min. The PCR
products were electrophoresed on 1% agarose gels and visualized by ethidium
bromide staining.

RESULTS

JSRV Env protein can pseudotype an MoMLV-based retro-
virus vector and promote transduction of human cells. We
tested whether the JSRV Env could be incorporated into viri-
ons containing MoMLV Gag-Pol proteins and an MoMLV-
based vector by transient transfection of the JSRV Env expres-
sion plasmid pSX2.Jenv (Fig. 1) into LGPS/LAPSN cells.
These cells contain the MoMLV-based LAPSN vector and the
pLGPS plasmid for expression of MoMLV Gag-Pol proteins
(38). Transfection of the pSX2 plasmid DNA expressing the
10A1 MLV Env (38) was used as a positive control. Two days
after transfection, the medium from these cells was harvested
and assayed for vector production using SSF-123 sheep skin
fibroblasts and HT-1080 human fibrosarcoma cells as targets
for transduction (Table 1). Both cell types could be transduced
by the JSRV-pseudotype LAPSN vector, showing the ability of
JSRV Env to pseudotype MoMLV-based vectors packaged
with MoMLV Gag proteins as well as the ability of JSRV Env
to promote entry into human cells. The JSRV-pseudotype vec-
tor titer was ;10-fold higher on the sheep than on the hu-
man cells. In contrast, the titers of the 10A1- and xenotropic-
pseudotype LAPSN vectors were at least 10-fold higher on the
human than on the sheep cells, showing the preference of the
JSRV-pseudotype vector for sheep cells. These results indi-

FIG. 1. JSRV Env expression plasmid pSX2.Jenv. Abbreviations: SV40 pA, the early-region polyadenylation signal from simian virus 40; LTR, retrovirus long
terminal repeat; SD and SA, splice donor and acceptor sites, respectively. The ATG start and TAA stop codons of Env are shown.
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cated the potential to develop a JSRV-pseudotype packaging
line capable of producing high-titer virus capable of transduc-
ing human cells.

High-titer vector production in the absence of replication-
competent virus. Stable JSRV-pseudotype retrovirus packag-
ing lines expressing JSRV Env and MoMLV Gag-Pol proteins
were generated, and individual clones were screened for pack-
aging function as described in Materials and Methods. Of 24
clones tested for LAPSN vector production after introduction
of the vector into the clonal cell lines, 6 could produce the
vector at a titer of .103 AP1 FFU/ml, 10 did not produce any
vector (,10 AP1 FFU/ml), and the rest produced intermedi-
ate titers. To show that these JSRV-pseudotype packaging cells
could be used to generate stable vector-producing cell lines,
the clone which was able to produce the highest titer virus
(PJ14) was plated at 105 cells per 6-cm dish on day 1, trans-
duced at a multiplicity of infection of ;1 with LAPSN(PT67)
virus in the presence of Polybrene on day 2, and trypsinized
and replated at a 1:100 or 1:500 dilution in medium containing
G418 (500 mg/ml, active) on day 3. Individual clones were
selected and screened for LAPSN vector titer using SSF cells
as targets. Titers as high as 6 3 105 AP1 FFU/ml were ob-
tained, demonstrating that the JSRV-pseudotype packaging
cells can be used to generate high-titer retrovirus vectors. Test-
ing of the LAPSN vector produced from a high-titer clone by
a marker rescue assay showed that the preparations were free
of replication-competent virus (,1 FFU/ml).

Host range of JSRV Env. The JSRV-pseudotype LAPSN
vector was used to measure the ability of JSRV Env to promote
transduction of a variety of mammalian cells (Table 2). The
JSRV-pseudotype vector transduced various human cells but
at titers ;10-fold lower than that obtained with SSF-123 cells.
Although the JSRV-pseudotype vector transduced various hu-
man cell lines, including IB3 bronchial epithelial cells, HT-
1080 fibrosarcoma cells, and 293 kidney epithelial cells, it could
only transduce HeLa human cervical carcinoma cells at low
levels. In addition to sheep and human cells, the vector trans-
duced a wide range of mammalian cells, including monkey,
bovine, dog, and rabbit cells. The vector also transduced G-355
cat cells but at very low levels. The vector was unable to
transduce wild or laboratory mouse cells, rat cells, or hamster
cells. All cell types that exhibited low to undetectable trans-
duction by the JSRV-pseudotype vector (#20 infectious units
per ml) could be transduced with a 10A1 MLV-pseudotype
LAPSN vector made by using PT67 retrovirus packaging cells
(38) at titers of .103 G418-resistant CFU/ml (HeLa cells) or
AP1 FFU/ml (all other cell types) (data not shown), indicating

that the LAPSN vector and MoMLV Gag-Pol proteins are
functional in these cells, as expected, and that the block to
infection was at the level of virus entry mediated by the JSRV
Env.

JVR maps to region p21.3 of human chromosome 3 at a site
different from those of other retrovirus receptors. JSRV-
pseudotype vectors transduce human but not hamster cells,
indicating that it might be possible to map the position of the
JSRV receptor by analyzing the susceptibility of human-ham-
ster RH cell lines to transduction by a JSRV vector. We used
the G3 panel of human RH cell lines from the Stanford Hu-
man Genome Center (SHGC) (57) for phenotypic mapping of
JVR. The transduction result for the 83 ordered hybrid cell
lines was 000000000000000000000000000000000011000010000
00R000000000000001000100000000R0R00001, where 0 indi-
cates no transduction (,10 FFU/ml), 1 indicates transduction
(.100 FFU/ml), and R indicates an indeterminate result (cell
clone not available for analysis). This result was submitted to
the SHGC RH Server v4.0 (www-shgc.stanford.edu/RH/index
.html), which mapped JVR at a distance of 18 cR10,000 (centi-
ray distance for RH cells made using 10,000 rads of irradiation)
from marker SHGC-11855 on chromosome 3 with a highly
significant LOD score (log10 of the likelihood ratio) of 6.77.
Subsequently, we used the multiple integrated maps at the
National Center for Biotechnology Information (NCBI) En-
trez Genomes site (www.ncbi.nlm.nih.gov/Entrez/Genome/
org.html) to map JVR to a position within region p21.3 of
chromosome 3.

The chromosomal locations of most other known retrovirus
receptors have been determined (Table 3). Many of these map
to chromosomes other than chromosome 3, showing that
JSRV does not use these receptors for cell entry. Careful
examination of the p21.3 region of human chromosome 3
showed that none of the previously mapped retroviral recep-
tors localize to the same position. However, the lentivirus re-
ceptor STRL33 (also called Bonzo and TYMSTR) had been
assigned to chromosome 3 but had not been more precisely

TABLE 1. Transduction of sheep and human cells by the LAPSN
vector with a JSRV, 10A1, or xenotropic pseudotypea

LAPSN
pseudotype

LAPSN titer (FFU/ml) measured on:

SSF cells HT-1080 cells

None ,1 ,1
JSRV 2 3 104 2 3 103

10A1 80 2 3 103

Xenotropic 1 3 103 1 3 104

a JSRV and 10A1 MLV pseudotypes of the LAPSN vector were made by
calcium phosphate-mediated transient transfection (40) of LGPS/LAPSN cells
with the JSRV or 10A1 env construct. As a negative control, Env2 LAPSN vector
(no pseudotype) were generated by transient transfection of LGPS/LAPSN cells
with a plasmid that did not contain an env gene. Xenotropic-pseudotype vector
was made by using a packaging cell line containing the LAPSN vector and
MoMLV gag-pol and xenotropic MLV env genes. Vector titers were measured on
the indicated target cells, and the results are means of at least two experiments.

TABLE 2. Host range of LAPSN vector produced by
JSRV-pseudotype packaging cells

Species Target cellsa Vector titerb

(AP1 FFU/ml)

Sheep Sheep skin fibroblasts 6 3 105

Human HT-1080 3 3 104

IB3 4 3 104

293 4 3 104

HeLa 10
Monkey Vero 1 3 105

Dog D17 1 3 104

Bovine MDBK 2 3 103

Rabbit RbTE 2 3 103

Cat G355 20
Mouse

NIH Swiss NIH 3T3 TK2 ,1
BALB/c MF-NAN ,1
C57BL/6 MF-H1 ,1
M. dunni M. dunni tail fibroblasts ,1

Rat 208F ,1
Hamster A23 ,1

CHO ,1

a TK2, thymidine kinase deficient.
b The LAPSN(PJ4) titer on HeLa cells was measured by production of G418-

resistant colonies (CFU per milliliter) rather than AP1 foci because HeLa cells
have high levels of endogenous heat-stable AP. Results are means of at least two
experiments.
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localized (34). These studies indicated that JVR is probably a
new retroviral receptor but might be the same as STRL33.

STRL33 (Bonzo) maps to 3p21.3 region, ;500 kb telomeric
to the 285-kb CCR cluster. To determine whether or not
STRL33 might function as the JSRV receptor, we used the
Stanford G3 panel RH DNA for mapping the STRL33 gene, as
explained in Materials and Methods. The PCR results for
DNA samples from the 83 ordered hybrids was 000000000000
0100R00100000000000000010000110000000000000000000001
010010000R001000010, where 0 indicates PCR negative, 1 in-
dicates PCR positive, and R indicates an indeterminate result.
This bar code was submitted to the SHGC RH Server v4.0,
which mapped STRL33 at a distance of 13 cR10,000 (LOD,
9.46) from marker SHGC-12886. Using the multiple integrated
maps at the NCBI Entrez Genomes site, we have localized the
STRL33 gene to about 500 kb away from the CCR cluster in
chromosome 3p21.3 and about 7.5 Mb from JVR, thus showing
that STRL33 and JVR do not localize to the same position and
JVR is not likely to be any of the known retroviral receptors
(Fig. 2).

DISCUSSION

JSRV has recently gained prominence mainly because of the
similarity of OPC to BAC in humans, suggesting that OPC can
be used as an animal model to understand the process of
pulmonary carcinogenesis. However, studies on JSRV have
been hindered so far by the lack of a cell culture system for
propagating the virus. Recently, a full-length infectious provi-
ral molecular clone of JSRV was isolated from a natural case
of OPC, and a cell culture system was developed to propagate

the virus by replacing the upstream U3 with the cytomegalo-
virus early promoter (48). JSRV has been known to infect
sheep and goats, but there is no evidence of human infection.
Our studies show that the JSRV Env can be used to pseudo-
type MoMLV-based retroviral vectors containing MoMLV
Gag-Pol proteins, thus providing a means for studying the host
range of the viral Env protein. We have been able to generate
packaging cell lines based on JSRV Env and MoMLV Gag-Pol
proteins that can produce JSRV-pseudotype retroviral vectors
at titers of up to 106 AP1 FFU/ml. Our results show that the
JSRV Env promotes entry into sheep, human, monkey, bovine,
dog, and rabbit cells but not mouse (laboratory or wild), rat, or
hamster cells. The inability of the vector to transduce mouse or
rat cells is unfortunate, as it prevents us from using rodents for
studying JSRV pathogenesis or in vivo gene transfer to the
lung. Poor transduction of HeLa cells suggests that the JSRV
receptor (JVR) may not be constitutively expressed in all cell
types.

This is the first report showing the ability of JSRV Env to
transduce human cells and suggesting the feasibility of devel-
oping JSRV as a prospective retroviral vector for gene transfer
to the lung. Although both viral (18, 53) and nonviral (2, 31)
methods have been extensively studied, efficient gene transfer
to the airway epithelial cells has proved difficult (21, 22, 50).
Previous studies in our laboratory have shown that ampho-
tropic retroviral vectors can efficiently transduce the basal and
secretory airway epithelial cells in vitro, but in vivo delivery
resulted in no detectable transduction in the intact normal
airway epithelium and a low transduction rate in the wounded
epithelium (23). This low retroviral transduction in vivo is due

TABLE 3. Chromosomal localization of retrovirus receptors in the human genome

Retrovirus group Receptor name(s) Localization Methoda Reference(s)b

Ecotropic MLV CAT1 (Rec1, SLC7A1) 13q12 In situ hybridization, RFLP 1

GALV/feline leukemia virus type B PIT1 (GLVR1, SLC20A1) 2q11-q14 In situ hybridization 33

Amphotropic MLV PIT2 (Ram1, GLVR2, SLC20A2) 8p11-q11 Somatic cell hybrids 19

Xenotropic and polytropic MLV XPR1 1q25.1 RH 8

RD114/simian type D retrovirus RDR (SLC1A5) 19q13.3 RH 52

Feline leukemia virus type C FLVCR 1q32.1 RH A

T-cell leukemia viruses (human and
simian T-cell lymphotropic viruses)

HTLVR 17q23 Somatic cell hybrids 20, 58

Lentiviruses (human, simian, and
feline immunodeficiency viruses)

CD4 12p12-p13 DNA sequencing 3

CCR1, -2b, -3, -5 3p21.3 DNA sequencing, RH 55

CCR4 3p22c RH 55
CCR8 3p22 RH 56
CXCR4 2q21 In situ hybridization 16
CX3CR1 (V28) 3p22 FISH, RH 13, 35

GPR1 15q26.1 FISH 36
GPR15 (Bob) 3q11.2-q13.1 FISH 29
ChemR23 12q21.2-q21.3 RH 54
APJ 11q12 FISH 43
STRL33 (Bonzo, TYMSTR) 3p21.3 RH, somatic cell hybrids 34, B

JSRV JVR 3p21.3 RH B

a RFLP, restriction fragment length polymorphism; FISH, fluorescent in situ hybridization.
b A, J.-L. Battini, J. E. J. Rasko, and A. D. Miller, unpublished data; B, this report.
c The localization of CCR4 given by the authors (3p24) was changed to 3p22 to reflect more recent localization data for flanking markers.
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to the low abundance of retroviral receptors and inhibition of
amphotropic retroviral vector transduction by pulmonary sur-
factant (63) or by soluble chondroitin sulfates in pleural effu-
sions (7). Although JSRV infects several cell types in vivo (30,
45, 47, 48), the epithelial tumor cells in the lungs of sheep have
been shown to be the major sites of viral replication (45),
suggesting a natural tropism of the virus for the airway epithe-
lial cells. Furthermore, OPC can be experimentally reproduced
in newborn lambs by intratracheal inoculation of concentrated
lung fluid or tumor extracts collected from OPC-affected sheep
(14, 37, 59), demonstrating the stability of the virus in lung
fluid. We are currently studying the ability of JSRV to infect

airway epithelial cells and its stability in the presence of pul-
monary surfactant.

The ability of JSRV Env to promote infection of human cells
in culture could be relevant to the epidemiology of human lung
cancer, especially with regard to nonsmokers exposed to sheep
in which OPC is endemic. Although there is no proof for JSRV
involvement in human lung carcinoma, the possibility of viral
etiology cannot be excluded because of the similarity of BAC
to OPC and the multifocal and multiclonal nature of some
BAC cases (46). Several factors could explain the absence of
evidence for human infection with JSRV, such as lack of im-
munological reagents to detect human infections. There has
been no report of any serological study to evaluate human sera
for JSRV antibodies. Alternatively, the JSRV Env might be
able to bind to receptors and mediate entry of the viral ge-
nome, but some of the viral replicative elements may not be
functional in human cells, resulting in postentry or replication
blocks. It is known that the JSRV Gag-Pol proteins are func-
tional during viral assembly in human cells, as evidenced by the
use of an infectious molecular clone of JSRV to produce the
virus in 293 human epithelial cells (48). However, their func-
tionality during reverse transcription and integration of viral
DNA in human cells is unknown. Another important factor
might be the presence of transcriptionally active ESRV se-
quences in the sheep genome, which may induce tolerance to
JSRV antigens in sheep and allow the virus to propagate and
establish an infection. On the contrary, humans and other
animals may develop a strong immune response leading to
virus clearance.

Chromosome localization provides an important alternative
approach to interference analysis to determine retroviral re-
ceptor usage. The advantages of chromosome localization are
that extensive cross-interference analyses between the test vi-
rus and the growing number of existing viruses need not be
performed, and the technique is informative for viruses that do
not exhibit strong interference to infection by viruses that use
the same receptor. Utilizing the inability of JSRV Env to
promote infection of hamster cells, we have used a panel of
human-hamster whole-genome RH cell lines to localize the
JSRV receptor (JVR) gene to the p21.3 region of human
chromosome 3. Although the majority of known retroviral
receptors do not localize to chromosome 3, most of the CC-
chemokine receptor genes (CCRs) which have been identified
as coreceptors for lentiviruses have been shown to map within
the 3p21.3 region (55). Careful analysis of the mapping data
revealed that JVR does not map to the same positions as most
of these receptors, being ;7 Mb away from the 285-kb cluster
of CCR3, -1, -2, -5, and -6 and farther away from CCR4,
CCR8, and CCR10 (Fig. 2). The lentivirus receptor CX3CR1
has recently been mapped to the 3p24 region (35), leaving one
other lentivirus receptor, STRL33 (Bonzo), in question (34).
Using the G3 panel of RH DNA, we have localized the
STRL33 gene 500 kb telomeric to the CCR cluster in region
3p21.3 and about 7.5 Mb away from JVR. These results indi-
cate that JVR is a new retroviral receptor in human cells.
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FIG. 2. Retrovirus receptor and related G protein-coupled receptor genes on
chromosome 3. Human chromosome 3 is ;240 Mb in length, and an idiogram of
this chromosome at the 550-band level is shown. Rough localizations are shown
by brackets, while more precise localizations are shown by lines. Where the genes
are too closely spaced to show the order on a map of this resolution, the genes
are listed in order from telomere to centromere. References for the retrovirus
receptor localizations are given in Table 3, and those for the related proteins are
CCR9 (35), CCR10 (9, 35), and GPR5 (28). Relationships between distances (in
centirays), determined by RH analysis and physical genome length, were derived
primarily by using data from the multiple integrated maps of the WWW Entrez
Genomes Division of the NCBI.
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