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The reticuloendotheliosis viruses (REVs), originally isolated from avian species, constitute a group of
retroviruses which are more closely related to mammalian retroviruses than to other avian retroviruses. The
envelope glycoproteins of members of the REV group display a striking amino acid sequence identity with a
group of primate oncoretroviruses which belong to a single receptor interference group and include all of the
type D and some type C primate oncoretroviruses. Members of the REV group also have a broad host range
which covers most avian cells and some mammalian cells, including those of simian and human origin. In view
of this broad host range and the envelope sequence similarities, we investigated the cross-interference pattern
between REV and primate virus groups to determine whether they utilized the same receptor. Superinfection
experiments using a vector virus containing an Escherichia coli lacZ gene showed that reticuloendotheliosis and
simian oncoretroviruses constitute a single receptor interference group on both human and canine cells and
indicate that the viruses bind to the same receptor to initiate infection. These results suggest that this receptor
binding specificity has been maintained over a wide range of retroviruses and may be responsible for the broad

spread of these retroviruses between different orders of vertebrates.

The first step in retroviral infection is the specific interac-
tion of viral envelope glycoproteins with a cell surface
receptor. The phenomenon of superinfection interference
reflects the specificity of this interaction. When cells are
infected with a particular retrovirus, they become resistant
to superinfection by the same virus or to infection by a
different virus possessing envelope glycoproteins that bind
the same receptor (51, 52). This is thought to occur because
viral envelope glycoproteins occupy receptors and compet-
itively block binding by exogenous virus with the same
envelope specificity (51, 52).

Retroviruses have been classified into different receptor
interference groups on the basis of their pattern of superin-
fection interference. Avian leukosis viruses, for which ret-
roviral receptor interference was first demonstrated (40),
feline leukemia viruses, and murine leukemia viruses have
all been classified into distinct receptor interference sub-
groups, according to their interference patterns on appropri-
ate target cells (36, 37, 53, 60). Recently, 20 mammalian type
C and type D retroviruses have been categorized into seven
receptor interference groups on the basis of their patterns of
interference on human cells (47). One of these groups
includes all of the known type D simian retroviruses, such as
simian retrovirus (SRV) serotypes 1 to 5 (SRV-3 is also
named Mason-Pfizer monkey virus [MPMV]), squirrel mon-
key retrovirus (SMRV), and langur endogenous retrovirus
(PO-1-Lu), as well as endogenous type C viruses of feline
(strain RD114) and simian (baboon endogenous virus
[BaEV]) origins (47). For simplicity, in this report we will
refer to this interference group as the SRV group.

The reticuloendotheliosis viruses (REVs) are a group of
closely related oncoretroviruses that includes REV strain A
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(REV-A), spleen necrosis virus (SNV), chicken syncytial
virus, duck infectious anemia virus, and the acutely trans-
forming virus REV strain T (7, 17, 24, 33, 34). Although
these viruses were all isolated from avian species (7, 34),
they are more closely related to mammalian oncoretrovi-
ruses than to other avian retroviruses, as demonstrated by
serological cross-reactivity (2, 3, 55, 56) and sequence sim-
ilarities (17, 19, 23, 38, 49, 54-56, 61). For example, com-
parison of the sequences of REV-A and MPMV envelope
glycoproteins shows an overall 42% amino acid sequence
identity, with 33% sequence identity between the surface
(SU) glycoproteins and 61% sequence identity between the
transmembrane (TM) glycoproteins (SU and TM are the two
glycoproteins encoded by the retroviral env gene) (16, 49).
There is also a striking conservation of cysteine residues
(49).

It has been shown that REV-A and SNV have a broad host
range which includes avian, rat, canine, simian, and human
cells (21, 34, 59). Given the env sequence similarity between
members of the REV and SRV groups (14, 19, 49, 54), and
given that the host range of at least some members of the
REYV group extends to primate cells (21), it is possible that
these two virus groups comprise a single interference group
and thus utilize a common receptor. To assess this possibil-
ity, we used an SNV-based vector virus containing an
Escherichia coli lacZ gene and investigated the patterns of
interference conferred by viruses of the two groups. We
found that canine and human cells chronically infected with
replication-competent viruses from the SRV group displayed

significant interference when challenged with vector virus
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produced by using the viral proteins of either SNV or
REV-A. Moreover, canine cells chronically infected with
replication-competent SNV or REV-A also resisted superin-
fection when challenged with vector virus pseudotyped by
using the viral proteins of BaEV. These results indicate that
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TABLE 1. Oncoretroviruses used in interference studies

Virus® Morphology Form
Mammalian retroviruses
I
SRV-1 Type D Exogenous
SRV-2 Type D Exogenous
MPMYV (SRV-3) Type D Exogenous
RD114 Type C Endogenous
BaEV Type C Endogenous
II, AmMLV Type C Exogenous
111, NZB Type C Exogenous
IV, GaLV Type C Exogenous
REVs
v
REV-A Type C Exogenous
SNV Type C Exogenous

“ Roman numerals denote retroviruses grouped according to their previ-
ously described receptor interference patterns (11, 47).

members of the REV and SRV groups belong to a single
receptor interference group and utilize the same receptor for
initiating infection.

MATERIALS AND METHODS

Cells and viruses. D17 is a canine cell line derived from an
osteosarcoma (39). HOS is a human cell line also derived
from an osteosarcoma (25). D17.2G is an REV-A-based
packaging cell line derived from D17 cells (13). Replication-
competent oncoretroviruses used for superinfection interfer-
ence experiments are listed in Table 1. REV-A and SNV
were both isolated from birds and are closely related to each
other (17, 18). The mammalian type C retroviruses used in
this study are BaEV strain M7 (BaEV), feline endogenous
retrovirus strain RD114 (RD114), amphotropic murine leu-
kemia virus strain 4070A (AmMLYV), xenotropic murine
leukemia virus strain NZB (NZB), and gibbon ape leukemia
virus strain SF (GaLV). Type D SRV-1 to -3 (SRV-3 as
MPMV) were kindly provided by Preston A. Marx.

Establishment of cells chronically infected with replication-
competent retroviruses. D17 cells were infected with REV-A,
SNV, RD114, BaEV, AmMLV, NZB, or GaLV. HOS cells
were infected with SRV-1, SRV-2, SRV-3, or GaLV. The
cell lines were maintained in culture for at least 2 months to
establish chronic productive infections, and retroviral repli-
cation was periodically monitored by assaying for reverse
transcriptase (RT) activity.

Vector virus production and infections. The SNV-derived
vector plasmid pCXL contains an E. coli lacZ gene ex-
pressed from the long terminal repeat (LTR) promoter (26).
CXL vector virus was propagated by using either helper
virus or helper cells. Vector virus using helper virus was
produced by cotransfecting 5.0 pg of pCXL and 0.2 ug of
pSV2Neo (50) into chronically infected D17 cells and select-
ing with 300 pg of G418 per ml. Vector virus was then
harvested from the supernatant of G418-resistant cells. Pro-
duction of vector virus stocks from REV-A-based helper
cells and infection of target cells was carried out as previ-
ously described (21, 26). Briefly, target cells were seeded at
a density of 5 X 10* cells per 60-mm tissue culture dish.
Approximately 4 days later, the target cells were infected
with 10-fold serial dilutions of the viral stocks in 0.4 ml of
medium containing 50 pg of Polybrene per ml. Viral titers
are expressed as focus-forming units (FFU) per milliliter of
virus stock; FFU represent the number of blue-staining foci

RETROVIRAL INTERFERENCE 3449

obtained after infection, fixation, and 5-bromo-4-chloro-3-
indolyl-B-D-galactopyranoside (X-Gal) staining, multiplied
by the dilution factor.

X-Gal staining. Twenty-four hours postinfection, cells
were fixed with 2% paraformaldehyde and then stained with
X-Gal as previously described (10).

RT assay. RT activity was measured from the supernatants
of retrovirus-infected cells as previously described (15).
Mn?*-dependent RT activity was assayed in 50 mM Tris-
HCI (pH 8.3)-20 mM dithiothreitol-0.6 mM MnCl,-60 mM
NaCl-0.05% Nonidet P-40-5 pg of oligo(dT),, ;5 })er ml-10
ug of poly(A) per ml-10 uM dTTP-3.3 nM [a->P]dTTP.
Mg?*-dependent RT activity was assayed in 50 mM Tris-
HCI (pH 8.0)-5 mM dithiothreitol-20 mM MgCl,-150 mM
KC1-0.05% Nonidet P-40-5 pg of oligo(dT),, ;5 per ml-10 pg
of poly(A) per ml-33 nM [a-"“P]dTTP.

Sequence analysis. The env gene sequences for MPMV,
SRV-1, SRV-2, BaEV, and SMRV were obtained from
GenBank and EMBL data bases. The SNV proviral se-
quence was kindly provided by Vineet N. KewalRamani,
Antonito T. Panganiban, and Michael Emerman. The
REV-A env gene was sequenced by our laboratory when
discrepancies between the published sequence (61) and its
restriction map were noted. The sequencing involved sub-
cloning the HindIII fragment (sequence coordinates 1054 to
2630 of reference 61) and the HindIII-Sacl fragment (se-
quence coordinates 2631 to 3146 of reference 61) of pSW253
(59) into M13mp18 (27) and M13mp19 (27). The two frag-
ments together contain the entire coding sequence of the
REV-A env gene. Cloning techniques, bacterial transforma-
tion and screening, phage growth, single-stranded DNA
isolation, and gel electrophoresis were performed according
to standard procedures (42). The DNA sequencing was done
by the dideoxy-chain termination method (43), using Seque-
nase version 2.0 (United States Biochemical Corp.). The
sequence was confirmed by sequencing both strands.

Sequence analysis was performed with the aid of the
Genetics Computer Group software package (12). The amino
acid sequence alignment was done with the program
PILEUP, using a gap penalty of 2.5 and a length weight of
0.5. The search through sequence data bases to find similar-
ity to the proteins of SNV was done with the TFASTA
program, using a word size of 2. Sequences with best scores
were then individually aligned to the corresponding se-
quences of SNV with the program BESTFIT, using a gap
weight of 3.0 and a gap length weight of 0.1.

RESULTS

Amino acid sequence alignment of the envelope glycopro-
teins of members of the REV and SRV groups. The env gene
of retroviruses encodes a polyprotein which is proteolyti-
cally processed into an SU glycoprotein and a TM protein
(16). The deduced amino acid sequences of env genes from
members of the REV and SRV groups for which the se-
quences are known were aligned, and a consensus sequence
was derived (Fig. 1). Positions in which the amino acids
matched for six of seven viruses are indicated by an upper-
case letter on lines labeled consensus (Fig. 1).

The envelope glycoproteins of REV-A and SNV showed
92.7% amino acid sequence identity (Fig. 1), as previously
indicated by nucleic acid hybridization (17, 18). Striking
amino acid sequence similarities throughout the envelope
proteins of members of the REV and SRV groups were also
evident (Fig. 1). For example, of 23 cysteine residues in
REV-A, 19 fell into the consensus when compared with the
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1 »SU 100
REV-A [MDCLTDLRST EGKVDQAGKT LIL....LVV WWGFGTTAEG]HP.LQQLWGL PCDCSGG.YV SP?PTYYTNS LDCGSFTAYL TYGSGAGSWG WGGGF%QQWE
SNV n-—-a s-i ---....--a y-. e - -s y gs t---s ———-
MPMV weeesss..m nfnyhfiwsl v--sqisq-. qa---dpr-a laei--kh-k ----a--.-- -sp-insltt vs-st..... ...ht-.... ysvtnslk-q
SRV-1 weeeeee..m nfnhhftwsl v-isqifq-. ga---dpr-a llei--kh-k ----a--.-- -sp--nsltt vs-st..... ...yt-.... ysvinslk-q
SRV-2 wesesessom tl-dipfwrv -lifqtar-. ya---dpr-a itmih-gh-k ----a--.-- na---v-laa vs-s-..... ...ht-.... ygpsdslk-r
BaEV teessseeee o..mgftt-i if-ynlv--. ya--ddprka ielv-kry-r -------.q- -ep-sdrvsq vt-sg..... ...kt-.... ylmpd.-r-k
SMRV weessesees o..mlcilil -1hprlcp-t kg-l-kpsgd i..yta-f-a ----k--tqt nnya-ptytq vtdcgdknay ltydtn.... =-n-vsspk-1l
Consensus V~ ~~GFG~~~~~ ~~~~~~~~G~ PCDC~GG~~V ~~~P ~~C W
* * *
101 200
REV-A CVFKPKIIPS VQEQPGPC.. ECLTIA.TQM HSTCYEKAQE CTLLGKTYFT AILQKTKLGS YEDG...... ..PNKLi.QAS CT.GIIGKPV CWDPAAPVYV
SNV = mssmsm——ee oo g===== PSS q-= === t-- mmmmeceees sem===loms oo mtyeees oo Ve————
MPMV --st-.tt-- .nthi-s-pg --n--sydsv -as--nhy-q -nign---1- -titgdrtpa ig--nvptvl gtshn-it-g -pn-kk-qv- --nsrps-hi
SRV-1 --st-.tta~ .pthi-s-ps g-nsqsydsv -a---nhy-q --ign---1- -tmird-sp- sg--nvptil gnngn-ii-g -penkk-qv- =--nsgps-hm
SRV-2 --sn-.tlan .g-ni-n-pc ktfk...esv --s--tay-- -ffgn---y- ---asnrapt igtsnvptvl gnthn--s-g --gn.v-g-i --n-k---hi
BaEV -ksi--dtsp .sgplge-pc nsyq...Ssv --s--tsy-q -rsgn---y- -t-l..-tqt ggtsdvq.vl gst---i-sp -.n--k-qsi --stt--ih-
SMRV --r--ps--v ingr----ps --tnniks-- --s--ssfsq --qgnn---- --- ..qrtk- tsetnpvtsg lg-hgv---g -.d-tv--s- --nqq--ih-
Consensus CV~~P~~~~~ G~CP~ H~~CY~~~Q~ C KTY~T A L~~A~ C G~~~ CW
* * * * * *
201 300
REV-A SDGGGPTDMI REESVRERLE EIIRHSYPSV QYHPLALPRP RGVD.LDPQT SDILEATHQV LN.ATNPQLA ENCWLCMTLG TPIPAAIPAN GNVTL.....
SNV ————mmeme mmmeme——ee oo omm——k-— t- ceves
MPMV ------g-ka -dii-nkkf- -lh-slf-el --keki-ah- l-l-atv-sl --.-sq-s-- -d----1lgs- d-v-1l-1l-y- dtlecsnfacl
SRV-1 -===--g-kv --ii-nkkf- -lhkslf-el --keki-ah- f-l-atv-sl --vssqr--- d-v-1-1-yd ntscsnstff
SRV-2 ------g-ka --ia-gk--- -- hkslf-el --keki-a-- fnl-t--ysl --.ks=--n-- ne----lps- n---l---s- ds........
BaEV -----=1-tt -ik--qrk-- --hkal--el -dnlmv-a-- ln--n--ynl -.lms-ts-v dd----lk-- p-t-l---nf llsyvtrs..
SMRV ~ —-———- q-av --ly-qkqi- lv-qsqf-kl --p-.i-a-m l---s a --i.s--s-- q lng- -sm-1l-f-v- iss.......
Consensus SDGGGP~D~~ R~~~V~~~~E E~~~~~~Pn~~ ~YHPLA~P~~ RG~~~~D~~T ~~~L~~~~~~ LN~~~~~~LA ~~CHLC~~~G ~P~P~A~P~~ ~~~wm~~~~n~
* *
301 400
REV-A ....DGNCSL SLPFRVQPTG SIDVNC.... YAGEADNRTG IPVGYVHFTN CTSIQEVSNE TSHIRNLTRL CPPPGHVFVC GNNMAYTALP NKWIGLCILA
SNV cesemmmmm= —mme gcn-p- -—--S-.... t-- --gmg
MPMV ...snhs-p- tp--1l---f. ..nftdsncl --hyqn-sfd -d--las--- -s-yyn--ta skpsns...- -a-nss----= ==-k=--y-- tn-t-s-v--
SRV-1 fncsnes-1i tp--l---f. ..nfthsvecl --dygn-sfd -d--lag--- -s-yini... skpssp...- -a-nss---- -=-k--=-y-- tn-t-s-v--
SRV-2 flgsnls-pi ip-ll---le fmnlinascf -spfqn-sfd vd--l-e-a- -sttlni... ...shs...- -a-nss---- —--k---y-- sn-t-t-v--
BaEV ..sdnis-1i ip~ll---m. ..gfsnsscl -spsynstee -dl-h-a-s- ----tn-... ...tgp...i -avn-s--l- -===-=-y-- tn-t---v--
SMRV fnasgn--tp —====--- p -qvy...pcf -k-agn-sfd ----van-v- -s-ssn.... ..-sea...— --g--qa---= —==l----=-= an-t-s-v--
Consensus ~~~~~~~C~~ ~~P~~VQP~~ Y N I~VG~~~F~N C~S L C VFVC GNN~AYT~LP ~~W~G~C~LA
* * * * *
401 »TM 500
REV-A SIVPDMSIIP GEEPIPLPSI EYTAGRHKRA VQFIPLLVGL GITGATLAGG TGLGVSVHTY HKLSNQLIED VQALSGTIND LQDQIDSLAE VVLONRRGLD
SNV i-=-s -==-r --s
MPMV tll--id--- -s--v-i-a- dhfl-ka--- i-l---f--- ---t-vst-a a itq- t---h---s- ---i-s--q- v
SRV-1 tll--id--- -s--v-i-a- dhfl--p--- i-----vi-- ---t-vst-t a ltq- t---h---s- ---i-s--q v
SRV-2 tll--id-v- -da-v-v-a- dhylh-ar-- -=---=---- --- t-vst-t a---y-itq- t---r---s- ---ji-s--q- ----v
BaEV tll--id--- -d--v-i-a- dhfiy-p--- i a-- a-ftt-a tg- t 8- --i--s--q \
SMRV all--id--s -dd-v-i-tf d-i---q--- -tl------- -vst-vat-t a----a-gs- t=-—h---n- s —==--1
Consensus ~~~PDI~II~ G~~P~P~P~I ~~~~~R~KRA ~Q~IPL~~GL GI~~A~~~G~ ~GLGVS~~~Y ~KLS~QLI~D VQA~S~TI~D LQDQ~DSLAE VVLONRRGLD
——
501 600
REV-A LLTAEQGGIC LALQEKCCFY ANKSGIVRDK IRKLQEDLLA RKRALYDNPL WNGLNGFLPY LLPLLGPLFG LILFLTLGPC IMKTLTRIIH DKIQAVKILA
SNV ie S..
MPMV -kn--d--er -r-q-i---f -l-v-sf--i -fnk-mtf-k hq-esiqakp
SRV-1 ~-kn--d--ek -rkq-i---f -1l-v-sf--i -fnk-mtf-k hq-esiqgakp
SRV-2 -kr ek -rkeii---f -1-1li-f--1 -fnkiitfvk gqq-d-igakp
BakEV v -kt---e-er -rkd-as--- -1-1--i=--- -fnr--af-n --lniihamv
SMRV -—— -kn ek -rk--a--1f £ j---fsfa-w -lrrv-al-r -qlnsllgkp
Consensus LLTAEQGGIC LALQEKCCFY ANKSGIVRDK I~~LQ~DL~~ R~~~L~DNP~ W~G~~G~LPY ~~P~LGPL~~ L~L~~~~GP~ I~~~~~~~I~ ~~oossson~
* **
Isp
601 621
REV-A LVPQYKPLPT EMDTLGQ... .
SNV cessecssee sesssssscs o
MPMV igqvh-hr-eq -dsggsyltl t
SRV-1 igqvh-hr-eq -dhggsylnl t
SRV-2 igvh-hr-eq -dnggvylrv s
BaEV -tg--qv-r- deeaqd.... .
SMRV iqih-hg-a- rdley-rl.. .

Consensus ~~~~Y~~L~~

P

FIG. 1. Alignment of amino acid sequences of envelope glycoproteins from viruses of the REV and SRV groups. The deduced amino acid
sequence of REV-A env gene, shown in uppercase letters, was compared to the analogous sequences of SNV, MPMV (49; SRV-3), SRV-1
(32), SRV-2 (54), BaEV (19), and SMRYV (28). In the alignment, the sequence identity to the REV-A sequence is illustrated by a dash, whereas
a mismatch is indicated by a lowercase letter. A dot indicates a gap introduced for optimal alignment. Below the alignment, a consensus
sequence is shown. An uppercase letter on the consensus line indicates sequence identity among at least six of seven viruses at that position;
otherwise it is marked ~. The conserved cysteine residues in the consensus are marked *. The bracketed sequence is the signal peptide for
the env gene of REV-A. The amino terminals of fully processed gp90 (SU glycoprotein) and gp20 (TM glycoprotein) of REV-A are marked
I>SU and >TM, respectively (56). The sequence underlined with a double line represents the immunosuppressive peptide core (ISP) (9).
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TABLE 2. Titers of CXL vector virus packaged with SNV
or REV-A proteins on D17 cells chronically infected
with different replication-competent retroviruses®
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TABLE 3. Titers of CXL vector virus pseudotyped with BaEV
or AmMLYV proteins on D17 cells chronically infected with
different replication-competent retroviruses®

Titer (FFU/ml of virus stock)”

Virus CXL CcXL
[SNV] [REV-A]
None 5.3 x 10° 5.5 x 10*
REV-A 5 0
SNV 0 0
RD114 0 0
BaEV 0 0
AmMLV 7.8 x 10° 8.6 x 10*
NZB 5.0 x 10° 4.4 x 10*
GaLV 5.3 x 10° 6.5 x 10*

“ Vector virus was produced by transfecting the vector plasmid pCXL into
D17 celis chronically infected with SNV (CXL [SNV]) or REV-A (CXL[REV-
Al). Supernatant was harvested from the vector virus-producing cells and
used to inoculate D17 cells chronically infected with the indicated replication-
competent retroviruses. Approximately 24 h postinfection, cells were fixed
and then stained with X-Gal overnight.

» The experiment was done twice, and the results obtained were very
similar. Data are representative of one of the experiments.

other envelope glycoproteins (Fig. 1). In addition, 31.4% of
the amino acid residues of REV-A SU, the glycoprotein
which binds directly to a cellular receptor (16), yielded a
consensus sequence match (Fig. 1). This similarity among
the SU proteins of the REV and SRV groups prompted us to
test whether these viruses were members of the same
receptor interference group.

Receptor interference on canine cells. For initial studies, we
used canine D17 cells because these cells can be produc-
tively infected by REV-A, SNV, AmMLYV, and RD114 (35,
39, 59). We first determined whether retroviruses of the SRV
group and members of other mammalian receptor interfer-
ence groups (47) could productively infect D17 cells. D17
cells were inoculated with a variety of replication-competent
retroviruses, and RT activity in the culture supernatants was
assayed 7 days postinfection. RD114 and BaEV, both of
which are members of the SRV group, as well as NZB and
GaLV, which are members of other receptor interference
groups, were found to productively infect D17 cells (data not
shown; 39).

For receptor interference experiments, we used the SNV-
based vector CXL, which contains an E. coli lacZ gene
expressed from the SNV LTR promoter (26). Infection by
CXL was detected by fixing and staining cells with X-Gal 24
h postinoculation. Titers were then obtained by counting the
number of blue-staining foci, which were typically a single
cell or two adjacent cells. CXL vector virus using either
SNV or REV-A as helper virus was used to inoculate
uninfected D17 cells or cells chronically infected with RD114
or BaEV, and titers were determined (Table 2). The CXL
viral titer on cells chronically infected with RD114 or BaEV
was at least 1,000-fold lower than that obtained on unin-
fected cells (Table 2). As a positive control for interference,
D17 cells chronically infected with REV-A or SNV were also
challenged with the CXL virus yielding, as expected (11), a
profound interference quantitatively similar to that observed
in RD114- or BaEV-infected cells (Table 2). D17 cells
chronically infected with retroviruses from other receptor
interference groups, such as AmMLYV, NZB, and GalV,
showed no evidence of interference as reflected by CXL
viral titers similar to those obtained with uninfected cells
(Table 2).

Titers (FFU/ml of virus stock)®

Virus
CXL [BaEV] CXL [AmMLV]

None 1.8 x 10? 1.0 x 10°
REV-A 3 0.8 x 10°
SNV 8 1.2 x 10°
RD114 0 0.9 x 10°
BaEVvV 0 0.5 x 10°
AmMLV 1.8 x 102 0

NZB ND< 0.8 x 10°

“ Vector virus was produced by transfecting the vector plasmid pCXL into
D17 cells chronically infected with BaEV (CXL [BaEV]) or AmMLV (CXL
[AmMLYVY)). Infection and staining were performed as described in footnote a
of Table 2.

b The experiment was reproduced three times, and the data are repre-
sentative one of the experiments.

¢ ND, not determined.

Interference patterns of CXL virus pseudotyped with BaEV
or AmMLYV proteins. We next tested whether CXL virus
pseudotyped with the proteins of BaEV displayed the same
interference pattern on D17 cells as CXL virus, using SNV
or REV-A proteins. Although the CXL vector virus titer on
uninfected cells was relatively low, probably because of
inefficient pseudotyping, the titer was significantly lower on
D17 cells chronically infected with REV-A, SNV, RD114, or
BaEV (Table 3). In contrast, the titer obtained on AmMMLYV-
infected cells was similar to that found on uninfected cells
(Table 3).

We also tested whether CXL virus pseudotyped with
AmMLYV proteins exhibited an interference pattern different
from that seen in the previous experiments. Viral titers
obtained on uninfected D17 cells or D17 cells infected with
REV-A, SNV, RD114, BaEV, or NZB were very similar,
whereas cells infected with AmMLYV yielded a greatly re-
duced titer (Table 3). This demonstrated that interference
assay worked properly when a challenge virus of a different
receptor interference group was used.

Receptor interference on human cells. Interference to
REV-A superinfection was also examined on HOS cells, a
human osteosarcoma cell line (25). HOS cells were found to
support productive infection by SRV-1, -2, and -3 (47),
although the level of virus production fluctuated consider-
ably over time, as indicated by RT activity (data not shown).
The HOS cells could also be productively infected by GaLV,
a member of a different interference group (data not shown;
47). It was not possible to obtain a chronic, productive
infection of HOS cells with SNV or REV-A (data not
shown). Infection of HOS cells or any other human cells
tested to date by SNV or REV-A results in a semipermissive
infection and not a productive infection (21, 22).

To challenge chronically infected human cells, CXL virus
stocks were obtained from REV-A-based helper cells (26).
As target cells, uninfected HOS cells or HOS cells chroni-
cally infected with SRV-1, SRV-2, SRV-3, or GaLV were
used. As shown in Table 4, CXL viral titer was at least
100-fold lower on cells infected with SRVs than on unin-
fected cells, whereas the CXL viral titer on GaLV-infected
cells was similar to that on uninfected cells. In agreement
with the previous results, interference to REV-A superinfec-
tion was observed on cells chronically infected with mem-
bers of the SRV group but not on cells infected with GaL.V,
a virus from a different receptor interference group.
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TABLE 4. Titers of CXL vector virus packaged with REV-A
proteins on HOS cells chronically infected with various
replication-competent retroviruses”

Titer (FFU/ml of

Virus virus stock)”
NODE cceiieieeeeeeeeee e ee e e e e e e e eeeeeaaeees 0.9 x 10*
SRV-1 6.5 x 10!
SRV-2 5.8 x 10!
MPMV (SRV-3) 4.8 x 10!
GaLV 1.3 x 10*

“ Supernatant was harvested from REV-A-based helper cells stably trans-
fected with pCXL vector plasmid and used to inoculate HOS cells chronically
infected with the retroviruses indicated. Approximately 24 h postinfection,
cells were fixed and then stained with X-Gal overnight.

b Data are representative of one of five experiments.

DISCUSSION

The superinfection interference experiments revealed that
titers obtained with vector virus containing the envelope
glycoproteins from members of either the REV or SRV
group were significantly reduced on canine and human cells
chronically infected with replication-competent viruses from
either group (Tables 2 to 4). These results demonstrate that
members of the REV and SRV groups exhibit the same
pattern of interference, thus indicating that they use a
common cellular receptor. Despite the fact that these viruses
were isolated from widely different species, horizontal trans-
mission has apparently occurred via the same receptor.

The results described in this report and the close relation-
ship of REVs to mammalian oncoretroviruses raise a ques-
tion about the origin of the REV group. So far, probing avian
cellular DNA isolated from uninfected cells with the REV
sequence has not yielded significant hybridization signals
(18, 45). This suggests that there is no endogenous sequence
in the avian genome related to the REV group and that
transmission has occurred by horizontal spread. As de-
scribed above, the envelope glycoproteins of members of the
REV group are closely related to those of oncoretroviruses
represented by both endogenous and exogenous primate
type C and type D retroviruses (14, 19, 49, 54) (Fig. 1).
Moreover, when the amino acid sequences of the SNV gag
and pol genes were optimally aligned to the corresponding
sequences of other oncoretroviruses, the most similarity was
obtained with GaLV, a primate type C retrovirus, which
utilizes a different receptor (data not shown). This finding is
in agreement with previous results in which nucleic acid
hybridization, terminal amino acid sequence analysis, and
serological studies showed that the gag and pol regions of
REV were closely related to the corresponding regions of
GaLV/simian sarcoma-associated virus as well as primate
endogenous type C retroviruses (2, 38, 55). Thus, the entire
coding region of viruses of the REV group bears a striking
resemblance to that of primate retroviruses. This similarity
suggests that members of the REV group are descendants of
primate type C oncoretroviruses and have subsequently
diverged to give rise to the present REV isolates.

In addition to being related by env sequence similarity and
receptor usage, members of the REV and SRV groups are
linked by their ability to induce immunosuppression in
natural hosts (4, 6, 41). A small portion of the TM protein,
the immunosuppressive peptide, has been implicated in this
immunosuppression (8, 46). This region in the TM protein is
highly conserved not only within the REV and SRV groups
(19, 28, 49, 54) (Fig. 1) but also within mammalian oncoret-
roviruses that use different cellular receptors, such as human
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T-lymphotropic virus types I and II, feline leukemia virus,
murine leukemia virus, and GaLV (9, 31). It should be noted
that although the effects of the immunosuppressive peptide
and the TM protein on immune system are well documented
(4, 29, 46), cellular factors involved in this phenomenon have
so far not been identified. It is conceivable, however, that
interaction between a portion of TM and the different
receptors are directly immunosuppressive, since binding of
SU to receptor brings the immunosuppressive peptide into
close proximity to the receptor. More information about the
REV/SRYV receptor may help to shed light on this phenom-
enon.

Two oncoretrovirus receptor genes, those for ecotropic
murine leukemia virus and GaLV, have been cloned and
sequenced (1, 30). Both receptors appear to be permeases
(20, 57, 58), suggesting that these type C oncoretroviruses
subverted the function of ubiquitous permease proteins to
gain entry into cells. Whether the REV/SRV group has
subverted a similarly conserved protein as its receptor
remains to be seen. Chromosomal assignment experiments
indicate that the receptor gene resides on the human chro-
mosome 19 (5, 44), in the q13.1-13.2 region (48), but the gene
encoding the receptor for the REV/SRYV group remains to be
identified. Given the broad species and tissue distribution of
the REV/SRYV receptor, the large number of different retro-
viral isolates that utilize it, and its possible role in pathogen-
esis, identification of the gene and its cellular function should
prove interesting.
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